NRRI/TR-2021/19 — Appendix 4

A4-1

Single Leach Residue Amphiboles

SAMPLE ML7 1-silicate ML7 1-silicate ML71-silicate ML72-silicate
DESCRIPTION Medium Gray Plate Medium Gray Plate Medium Gray Plate Light Medium Gray Chip
NUMBER 25 25 25 38
LINE 101 102 103 140
REL. LINE 1 2 3 1
PHASE Actinolite Actinolite Actinolite Actinolite
CLASSIFICATION Leacke et al. 1997 Leacke et al. 1997 Leacke et al. 1997 Leacke et al. 1997
Sio2 55.1227 53.491 54.7511 56.2999
Tio2 0.43182 0.585198 0.330999 0.268428
Al203 2.13806 2.54713 2.06987 1.47177
Cr203 0.080117 0.127969 0.049982 0.028668
2 FeO 5.32885 6.73449 5.80998 4.82748
% NiO 0.059942 0.053188 0.039949 0.03332
5’. MnO 0.081129 0.10893 0.102366 0.105014
E MgOo 20.2677 19.7982 20.7262 21.1759
E Ca0 12.0694 11.8337 12.0852 11.8473
Na20 0.927022 1.02711 0.958355 0.843314
K20 0.036521 0.031648 0.038921 0.087683
cl 0.025197 0.024272 0.00897 0.027826
TOTAL 96.5684 96.3628 96.9719 97.0167
Si FORMULA 7.754480932 7.614403953 7.700771405 7.846857487
%’ Ti FORMULA 0.045689549 0.062654158 0.035015468 0.028138946
E Al FORMULA 0.35446408 0.42730345 0.343095124 0.241745379
"'E Cr FORMULA 0.00891029 0.014401405 0.005557762 0.00315886
< Feliii)_FORMULA| 0 0 0 0
_g P Fe{ii) FORMULA 0.626843169 0.801609877 0.683312195 0.562615608
% gé_n Ni FORMULA 0.006782986 0.006090267 0.004519754 0.003735602
f_ o Mn FORMULA 0.009665785 0.013132319 0.01219371 0.012395786
% Mg FORMULA 4.250613289 4.20151367 4.345962205 4.400022496
_g Ca FORMULA 1.818988068 1.804669465 1.821030181 1.769006573
S Na FORMULA 0.252825363 0.283452637 0.261322102 0.22786929
§ K FORMULA 0.006e553509 0.005746594 0.006982877 0.015588795
Cl FORMULA -0.006007375 -0.005855641 -0.002138196 -0.006572833
Method Gabbrosoft.com AMPH15.xls | Gabbrosoft.com AMPH15.xls | Gabbrosoft.com AMPH15.xls | Gabbrosoft.com AMPH15.xls
and AMPHNAMES.xls and AMPHNAMES.xls and AMPHNAMES.xls and AMPHNAMES.xls
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A4-2

Single Leach Residue Amphiboles

and AMPHNAMES.xls

and AMPHNAMES.xls

and AMPHNAMES .xls

SAMPLE ML7 2-silicate ML7 2-silicate ML71-silicate ML71-silicate
DESCRIPTION Light Medium Gray Chip Light Medium Gray Chip Light Gray Elongate Light Gray Elongate
NUMBER 38 38 26 26
LINE 141 142 104 105
REL. LINE 2 3 1 2
PHASE Actinolite Actinolite Pargasite Pargasite
CLASSIFICATION Leacke et al. 1997 Leacke et al. 1997 Leacke et al. 1997 Leacke et al. 1997
Si02 55.6246 55.2527 41.7919 444771
TiO2 0.25906 0.32986 3.17672 3.52753
Al203 1.51587 1.65355 12.2713 13.0039
Cr203 0.098909 0.010031 0.060218 0.028908
-2 FeO 4.70503 4.72729 10.5645 11.0017
% NiO 0.040929 0.052331 0 0.070543
é MnO 0.090253 0.107451 0.127369 0.088365
E MgO 22.0159 22.0702 13.8365 14.7093
E Ca0 11.7146 11.7788 11.684 12.4289
Na20 0.896903 0.935572 2.27318 243332
K20 0.087272 0.149371 0.80286 0.880873
Cl 0 0 0.005264 0.018856
TOTAL 97.0493 97.0672 96.5938 102.679
Si FORMULA 7.764250938 7.723126799 6.203512624 6.205323589
L:,U Ti FORMULA 0.027197244 0.03467857 0.354663389 0.37016091
E Al FORMULA 0.249358808 0.272387444 2.146674615 2.138118075
;O Cr FORMULA 0.01091474 0.001108482 0.007066702 0.004291526
o Feliii)_FORMULA 0 0 0 0
_8 2 Fel(ii) FORMULA 0.549159133 0.552528974 1311286691 1.283485364
% & Ni FORMULA 0.004595484 0.005883912 0 0.007916794
'g g Mn FORMULA 0.010669229 0.012720051 0.01601209 0.010441118
‘5 Mg FORMULA 4.581355405 4.599078331 3.061940023 3.059460528
_g Ca FORMULA 1.75179001 1.763853969 1.858056952 1.857729955
E Na FORMULA 0.242709339 0.253527587 0.654165639 0.658166153
b% K FORMULA 0.015528769 0.026632686 0.152017782 0.156765426
Cl FORMULA 0 0 -0.001324266 -0.004458525
Method Gabbrosoft.com AMPH15.xls | Gabbrosoft.com AMPH15.xls | Gabbrosoft.com AMPH15.xls | Gabbrosoft.com AMPH15.xls

and AMPHNAMES.xls
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A4-3

Single Leach Residue Amphiboles

and AMPHNAMIES.xls

and AMPHNAMES.xls

and AMPHNAMES.xls

SAMPLE ML7 1-silicate ML7 1-silicate ML71-silicate ML71-silicate
DESCRIPTION Light Gray Elongate Medium Gray Blocky Medium Gray Blocky Medium Gray Blocky
NUMBER 26 29 29 29
LINE 106 113 114 115
REL. LINE 3 1 2 3
PHASE Pargasite Pargasite Pargasite Pargasite
CLASSIFICATION Leacke et al. 1997 Leacke et al. 1997 Leacke et al. 1997 Leacke et al. 1997
Sio2 43,628 40.8575 40.8441 40.8089
TiO2 2.03383 435318 438738 435043
Al203 11.1394 12.4826 12.5781 12.5329
Cr203 0.065955 0.080757 0.097596 0.103231
-2 FeO 9.803 11.4443 11.1701 11.2422
% NiO 0.016061 0.027262 0.065827 0.052702
é MnO 0.063979 0.12459 0.142305 0.117147
= MgO 14.763 12.6079 12.6807 12.8461
E CaO 11.6875 11.1894 11.3743 11.369
Naz20 2.02812 2.38511 2.41038 2.41035
K20 0.621153 0.933633 0.965166 0.950305
Cl 0 0.019257 0.015542 0.031448
TOTAL 95.85 96.5055 96.7316 96.8146
Si FORMULA 6.46375061 6.106910222 6.020310277 6.08054659
L:,U Ti FORMULA 0.226634386 0.489382279 0.492047701 0.48754172
E Al FORMULA 1.944962263 2.19879577 2.210320359 2.200743355
“‘3 Cr FORMULA 0.007725239 0.009542778 0.01150501 0.012160257
o Fe(iii)_FORMULA 0 0 0 0
.g 2 Fe(ii) FORMULA 1.21445504 1.430349378 1.392740807 1.400690524
% & Ni FORMULA 0.001914077 0.003277743 0.007895536 0.006316584
'g_ g Mn FORMULA 0.00802778 0.015771452 0.017970865 0.014782832
‘5 Mg FORMULA 3.260759625 2.809424591 2.818890422 2.853539628
E Ca FORMULA 1.855080799 1.791754337 1.817007357 1.81481315
_S Na FORMULA 0.582534006 0.691140761 0.696793276 0.686267605
g K FORMULA 0.117388862 0.178006129 0.183578205 0.180617474
Cl FORMULA 0 -0.004878115 -0.003927631 -0.007941352
Method Gabbrosoft.com AMPH15.xls | Gabbrosoft.com AMPH15.xls | Gabbrosoft.com AMPH15.xls | Gabbrosoft.com AMPH15.xls

and AMPHNAMES.xls
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Ad-4

SAMPLE ML70-silicate ML70-silicate ML70-silicate ML70-silicate ML70-silicate
DESCRIPTION | Dark Medium Gray Chip | Dark Medium Gray Chip | Dark Medium Gray Chip No Description No Description
NUMBER 20 20 20 23 23
LINE a8 89 20 a5 96
REL. LINE 1 2 3 1 2
PHASE Bad Analysis - Quartz? | Bad Analysis - Quartz? | Bad Analysis - Quartz? | Bad Analysis - Quartz? | Bad Analysis - Quartz?
Si02 71.853 70.21% 66.216 75.772 73.687
Tio2 0.785 0.831 0.829 1.833 1.874
Al203 0.111 0.150 0.125 0.147 0.249
Cr203 0.008 0.000 0.000 0.001 0.041
= FeO 1.147 1.034 1.089 1.603 1.681
% NiO 0.030 0.032 0.018 0.061 0.000
é MnO 0.018 0.024 0.024 0.017 0.019
g MgO 1.137 1.781 1.287 1.336 1.361
E Ca0 0.111 0.192 0.189 0.164 0.181
Na20 0.014 0.008 0.013 0.021 0.029
K20 0.009 0.015 0.021 0.010 0.011
Cl 0.339 0.288 0.259 0.466 0.386
TOTAL 75.563 74.572 70.070 81431 79.519
o Si FORMULA 1.936 1.921 1.927 1.907 1.902
=] Ti FORMULA 0.016 0.017 0.018 0.035 0.036
g Al FORMULA 0.004 0.005 0.004 0.004 0.008
: Cr FORMULA 0.000 0.000 0.000 0.000 0.001
q_g " Fe FORMULA 0.026 0.024 0.027 0.034 0.036
@ §° Ni FORMULA 0.001 0.001 0.000 0.001 0.000
—E g Mn FORMULA 0.000 0.001 0.001 0.000 0.000
43 Mg FORMULA 0.046 0.073 0.056 0.050 0.052
g Ca FORMULA 0.003 0.006 0.006 0.004 0.005
< Na FORMULA 0.000 0.000 0.000 0.000 0.000
.*E K FORMULA 0.000 0.000 0.000 0.000 0.000
Cl FORMULA 0.000 0.000 0.000 0.000 0.000
T-Site 1.955 1.943 1.950 1.946 1.946
M-Site 0.076 0.103 0.090 0.090 0.095
Per Klein and Hurlbut, Per Klein and Hurlbut, Per Klein and Hurlbut, Per Klein and Hurlbut, Per Klein and Hurlbut,
Method 1999 1999 1999 1999 1999
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SAMPLE ML70-silicate ML71-silicate ML71-silicate ML71-silicate ML72-silicate |
DESCRIPTION No Description Medium Gray Blocky Medium Gray Blocky Medium Gray Blocky [Dark Medium Gray Blocky
NUMBER 23 30 30 30 35
LINE 97 116 117 118 131
REL. LINE 3 1 2 3 1
PHASE Bad Analysis - Quartz? | Bad Analysis - Quartz? | Bad Analysis - Quartz? | Bad Analysis - Quartz? | Bad Analysis - Quartz?
Si02 74.030 74.103 74.611 75.485 77.022
TiO2 2.117 2.097 2.001 3.561 0.379
Al203 0.186 0.113 0.104 0.139 0.066
Cr203 0.032 0.000 0.010 0.000 0.000
= FeO 1.631 0.502 0.470 0.973 0.409
% NiO 0.000 0.007 0.134 0.000 0.000
é MnO 0.025 0.000 0.014 0.000 0.000
E MgO 1.344 0.201 0.653 0.308 0.184
E Ca0 0.151 0.159 0.308 0.210 0.097
Naz20 0.008 0.021 0.058 0.012 0.011
K20 0.009 0.004 0.027 0.009 0.005
cl 0.540 1.348 1.003 0.988 0.437
TOTAL 80.073 78.555 79.394 81.686 78.611
o Si FORMULA 1.897 1.915 1.913 1.890 1.972
= Ti FORMULA 0.041 0.041 0.039 0.067 0.007
g Al FORMULA 0.006 0.003 0.003 0.004 0.002
: Cr FORMULA 0.001 0.000 0.000 0.000 0.000
H_g “ Fe FORMULA 0.035 0.011 0.010 0.020 0.009
% gi) Ni FORMULA 0.000 0.000 0.003 0.000 0.000
—g g‘ Mn FORMULA 0.001 0.000 0.000 0.000 0.000
43 Mg FORMULA 0.051 0.008 0.025 0.012 0.007
g Ca FORMULA 0.004 0.004 0.008 0.006 0.003
5 Na FORMULA 0.000 0.000 0.001 0.000 0.000
E K FORMULA 0.000 0.000 0.000 0.000 0.000
Cl FORMULA 0.000 0.000 0.000 0.000 0.000
T-Site 1.944 1.960 1.955 1.961 1.982
M-Site 0.092 0.023 0.048 0.038 0.019
Per Klein and Hurlbut, | PerKlein and Hurlbut, | Per Klein and Hurlbut, | Per Klein and Hurlbut, | Per Klein and Hurlbut,
Method 1999 1999 1999 1999 1999
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A4-6

SAMPLE ML72-silicate ML72-silicate ML72-silicate ML72-silicate ML72-silicate
DESCRIPTION |Dark Medium Gray BlockyDark Medium Gray Blocky Medium Gray Platy? Medium Gray Platy? Medium Gray Platy?
NUMBER 35 35 39 39 39
LINE 132 133 143 144 145
REL. LINE 2 3 1 2 3
PHASE Bad Analysis - Quartz? | Bad Analysis - Quartz? | Bad Analysis - Quartz? | Bad Analysis - Quartz? | Bad Analysis - Quartz?
Si02 86.059 81.723 76.262 77.830 77.743
Tio2 0.408 0.401 0.675 0.577 0.564
Al203 0.077 0.139 0.050 0.050 0.087
Cr203 0.015 0.000 0.000 0.016 0.010
= FeO 0.477 0.464 0.545 0.577 0.691
% NiO 0.018 0.000 0.013 0.000 0.000
g MnO 0.006 0.040 0.006 0.002 0.013
E MgO 0.203 0.138 0.061 0.066 0.094
E Ca0O 0.245 0.118 0.129 0.130 0.167
Na20 0.048 0.014 0.020 0.037 0.027
K20 0.034 0.007 0.017 0.016 0.009
Cl 0.241 0.108 0.068 0.225 0.078
TOTAL 87.832 83.152 77.847 79.524 79.484
© Si FORMULA 1.975 1.978 1.975 1.973 1.974
=] Ti FORMULA 0.007 0.007 0.013 0.011 0.011
% Al FORMULA 0.002 0.004 0.002 0.001 0.003
: Cr FORMULA 0.000 0.000 0.000 0.000 0.000
“_g " Fe FORMULA 0.009 0.009 0.012 0.012 0.015
@ EJD Ni FORMULA 0.000 0.000 0.000 0.000 0.000
—“; >c.)><“ Mn FORMULA 0.000 0.001 0.000 0.000 0.000
% Mg FORMULA 0.007 0.005 0.002 0.002 0.004
g Ca FORMULA 0.006 0.003 0.004 0.004 0.005
5 Na FORMULA 0.001 0.000 0.000 0.000 0.000
g K FORMULA 0.000 0.000 0.000 0.000 0.000
Cl FORMULA 0.000 0.000 0.000 0.000 0.000
T-Site 1.984 1.920 1.990 1.986 1.987
M-Site 0.024 0.018 0.019 0.019 0.024
Per Klein and Hurlbut, | PerKlein and Hurlbut, | Per Klein and Hurlbut, | Per Klein and Hurlbut, | Per Klein and Hurlbut,
Method 1999 1999 1999 1999 1999




NRRI/TR-2021/19 — Appendix 4

A4-7

SAMPLE ML72-silicate ML72-silicate ML72-silicate ML71-silicate
DESCRIPTION| Medium Gray Elongate Chip Medium Gray Elongate Chip Medium Gray Elongate Chip Light Gray Chip
NUMBER 40 40 40 27
LINE 146 147 148 107
REL. LINE 1 2 3 1
PHASE Bad Analysis - Quartz? Bad Analysis - Quartz? Bad Analysis - Quartz? Bad Analysis - Quartz?
Sio2 77.519 76.265 71.611 32.955
TiO2 0.646 0.626 0.608 18.785
Al203 0.190 0.295 0.355 15.127
Cr203 0.000 0.019 0.012 0.000
2 FeO 0.534 0.474 0.414 0.873
% NiO 0.014 0.001 0.015 0.008
E MnO 0.006 0.000 0.000 0.028
E MgO 0.517 0.416 0.434 0.583
E Ca0 0.166 0.064 0.119 0.214
Na20 0.040 0.024 0.052 0.405
K20 0.011 0.007 0.016 4.228
Cl 0.217 0.109 0.233 0.741
TOTAL 79.861 78.300 73.868 73.945
© Si FORMULA 1.961 1.964 1.957 1.050
= Ti FORMULA 0.012 0.012 0.012 0.450
g Al FORMULA 0.006 0.009 0.011 0.568
: Cr FORMULA 0.000 0.000 0.000 0.000
6 " Fe FORMULA 0.011 0.010 0.009 0.023
-?,; §3 Ni FORMULA 0.000 0.000 0.000 0.000
—g_ g Mn FORMULA 0.000 0.000 0.000 0.001
ﬁ Mg FORMULA 0.019 0.016 0.018 0.028
g Ca FORMULA 0.005 0.002 0.003 0.007
5 Na FORMULA 0.000 0.000 0.001 0.006
'E K FORMULA 0.000 0.000 0.000 0.043
@ Cl FORMULA 0.000 0.000 0.000 0.000
T-Site 1.979 1.985 1.981 2.068
M-Site 0.036 0.029 0.032 0.108
Method Per Klein and Hurlbut, 1999 Per Klein and Hurlbut, 1999 Per Klein and Hurlbut, 1999 Per Klein and Hurlbut, 1999
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SAMPLE ML7 1-silicate ML7 1-silicate ML70-silicate ML70-silicate ML70-silicate
DESCRIPTION Light Gray Chip Light Gray Chip Dark Medium Gray Chip | Dark Medium Gray Chip | Light Gray Toothlike Chip
NUMBER 27 27 21 21 22
LINE 108 109 91 92 93
REL. LINE 2 3 1 2 1
PHASE Bad Analysis - Quartz? Bad Analysis - Quartz? | Bad Analysis - Low Total | Bad Analysis - Low Total | Bad Analysis - Low Total
Si02 35.641 32.260 28.079 35711 27.133
TiO2 18.767 20.385 4.323 3.504 1.711
Al203 15.631 15.606 8.354 7.743 0.193
Cr203 0.007 0.000 0.082 0.094 0.000
-2 FeO 0.931 1.325 3.565 3.214 1.168
% NiO 0.036 0.023 0.044 0.035 0.000
5’. MnO 0.000 0.031 0.003 0.011 0.017
= MgO 0.596 0.662 11.920 11.345 3.186
E Ca0 0.283 0.231 0.170 0.223 0.181
Na20 0.389 0411 0.033 0.033 0.038
K20 4332 4.289 0.014 0.032 0.018
Cl 0.625 0.703 0.531 0.623 1.062
TOTAL 77.238 75.925 57.118 62.568 34.708
© Si FORMULA 1.082 1.009 1.130 1.282 1.671
= Ti FORMULA 0.428 0.479 0.131 0.095 0.079
g Al FORMULA 0.559 0.575 0.396 0.328 0.014
: Cr FORMULA 0.000 0.000 0.003 0.003 0.000
q_g " Fe FORMULA 0.024 0.035 0.120 0.096 0.060
@ §n Ni FORMULA 0.001 0.001 0.001 0.001 0.000
—§ g Mn FORMULA 0.000 0.001 0.000 0.000 0.001
% Mg FORMULA 0.027 0.031 0.715 0.607 0.293
g Ca FORMULA 0.009 0.008 0.007 0.009 0.012
5 Na FORMULA 0.006 0.006 0.001 0.001 0.001
g K FORMULA 0.042 0.043 0.000 0.000 0.000
Cl FORMULA 0.000 0.000 0.000 0.000 0.000
T-Site 2.069 2.063 1.657 1.704 1.765
M-Site 0.109 0.124 0.847 0.717 0.367
Per Klein and Hurlbut, Per Klein and Hurlbut, Per Klein and Hurlbut, Per Klein and Hurlbut, Per Klein and Hurlbut,
Method 1999 1999 1999 1999 1999
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A4-9

SAMPLE ML70-silicate
DESCRIPTION [Light Gray Toothlike Chip
NUMBER 22
LINE 94
REL. LINE 2
PHASE Bad Analysis - Low Total
5i02 31.292
TiO2 2.991
Al203 0.300
Cr203 0.009
2 FeO 1.660
= NiO 0.000
I MnO 0.009
x MgO 5.063
2 Ca0 0.294
Na20 0.060
K20 0.015
cl 1.073
TOTAL 42.767
i Si FORMULA 1.590
= Ti FORMULA 0.114
g Al FORMULA 0.018
= Cr FORMULA 0.000
5, [FeFORMULA 0.071
9 E.E Ni FORMULA 0.000
JE £ [Mn FORMULA 0.000
5 Mg FORMULA 0.383
g Ca FORMULA 0.016
= Na FORMULA 0.001
;m§ K FORMULA 0.000
Cl FORMULA 0.000
T-Site 1.722
M-Site 0.472
Per Klein and Hurlbut,
Method

1999
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A4-10

Single Leach Residue Chlorites

SAMPLE ML71-silicate ML71-silicate ML71-silicate
DESCRIPTION Medium Gray Plate Medium Gray Plate Medium Gray Plate
NUMBER 28 28 28
LINE 110 111 112
REL. LINE 1 2 3
PHASE Clinochlore Clinochlore Clinochlore
Sio2 30.6999 31.3412 31.1564
TiO2 1.27685 1.55581 2.20526
Al203 15.9773 16.2218 16.5097
Cr203 0.096163 0.140097 0.122885
- FeO 4.93619 4.8685 5.06337
E. NiO 0.070353 0.061785 0.101521
z MnO 0.015334 0 0.010354
g MgO 29.2008 29.6413 30.1782
= Ca0o 0.171745 0.140473 0.149493
“ Na20Q 0.016588 0.009703 0.011585
K20 0.014306 0.032516 0.015993
Cl 0.392998 0.31295 0.230654
TOTAL 82.8686 84.3262 85.7554
OH](apfu) 7.9324 7.9471 7.9616
Si 3.0784 3.0822 3.0195
B 0 0 0
Al{Iv) 0.9216 0.9178 0.9805
Total]Tetrahedral 4 4 3
TAIVI) 0.9666 0.9624 0.9053
Ti 0.0963 0.1151 0.1607
Vv 0 0 0
Cr 0.0076 0.0109 0.0094
» Mn3+ 0 0 0
g Fe3+ 0 0 0
3 Fe2+ 0.4139 0.4004 0.4104
Eﬂ Mn 0.0013 0 0.0008
E Ni 0.0056 0.0049 0.008
& Co 0 0 0
3 Zn 0 0 0
§ Cu 0 0 0
g Mg 4.3651 4.3456 4.3601
2 Total]Octahedral 5.8564 5.8394 5.8546
= [Octahedral vacant] 0.1436 0.1606 0.1454
E [Ca 0.0185 0.0148 0.0155
% Ba 0 0 0
K] Na 0.0033 0.0019 0.0023
m K 0.0018 0.0041 0.002
Rb 0 0 0
Cs 0 0 0
Li 0 0 0
Total] 0.0236 0.0208 0.0197
[OH 7.9324 7.9471 7.9616
F 0 0 0
cl 0.0676 0.0529 0.0384
o [Species|Zane and Weiss, 1993)] Mg chlorite Mg chlorite Mg chlorite
= & |[Species{Wiewiora and Weiss, 1990)] Clinochlore Clinochlore Clinochlore
é E [SpeciesiBayliss, 1975)] Clinochlore Clinochlore Clinochlore
[Species(This study]] Clinochlore Clinochlore Clinochlore

Method

Yavuz et al 2015

Yavuz etal 2015

Yavuz et al 2015
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A4-11

Single Leach Residue Clay

SAMPLE ML72-silicate ML72-silicate ML72-silicate
DESCRIPTION Medium Gray Blocky Medium Gray Blocky Medium Gray Blocky
NUMBER 36 36 36
LINE 134 135 136
REL. LINE 1 2 3
PHASE Sepiolite? Sepiolite? Sepiclite?
Si02 58.923 59.080 67.631
TiO2 0.296 0.346 0.434
Al203 0.541 0.415 0.818
Cr203 0.001 0.000 0.000
2 FeO 2.339 2.366 2.739
—; NiO 0.135 0.067 0.116
< MnO 0.000 0.000 0.000
5 MgO 27.487 26.290 30.070
E Ca0l 0.057 0.049 0.054
Na20 0.173 0.173 0.242
K20 0.000 0.000 0.000
Cl 0.013 0.026 0.025
TOTAL 89.966 88.814 102.128
© Si 7.981 2.571 2.562
E Ti 0.030 0.011 0.012
E Al 0.086 0.021 0.036
N Felii) 0.265 0.086 0.087
5 " Mn 0.000 0.000 0.000
§ Eéo Mg 5.551 1.706 1.698
oo Ca 0.008 0.002 0.002
z' ° Na 0.045 0.015 0.018
g K 0.000 0.000 0.000
E Cl 0.003 0.002 0.002
'% F 0.000 0.000 0.000
Z TOTAL 13.967 4.413 4.416

Method

GabbroSoft 2011,
MICACALC.XLS

GabbroSoft 2011,
MICACALC.XLS

GabbroSoft 2011,
MICACALC.XLS
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SAMPLE ML70-silicate ML70-silicate ML70-silicate ML72-silicate ML72-silicate ML72-silicate
DESCRIPTION | Medium Gray Chip | Medium Gray Chip | Medium Gray Chip | Light Medium Gray CLVG | Light Medium Gray CLVG | Light Medium Gray CLVG
NUMBER 19 19 19 37 37 37
LINE 85 86 87 137 138 139
REL. LINE 1 2 3 1 2 3
PHASE Augite Augite Augite Augite Augite Augite
Si02 48.973 49.161 49,101 50.629 51.197 50.442
Tio2 1.410 1.369 1.339 1.243 1.275 1.315
Al203 3.350 3.245 3.400 3.043 3.128 3.376
Cr203 0.040 0.044 0.047 0.021 0.001 0.023
-2 FeO 10.217 9.838 8.434 8.111 8.154 8.262
% NiO 0.027 0.004 0.033 0.028 0.004 0.000
5 MnO 0.204 0.199 0.192 0.139 0.166 0.138
E MgO 14.401 14.410 13.638 14.282 13.504 14.031
E Ca0 19.625 19.971 21.709 21.838 21.625 21.468
Na20 0.289 0.263 0.326 0.367 0.335 0.381
K20 0.005 0.000 0.000 0.007 0.000 0.004
cl 0.000 0.021 0.000 0.001 0.005 0.008
TOTAL 98.539 98.526 98.221 99.709 99.864 99.448
© Si FORMULA 1.867 1.871 1.873 1.895 1.908 1.892
E Ti FORMULA 0.040 0.039 0.038 0.035 0.036 0.037
5 Al FORMULA 0.150 0.146 0.153 0.134 0.140 0.149
© Cr FORMULA 0.001 0.001 0.001 0.001 0.000 0.001
5 " Fe FORMULA 0.326 0313 0.269 0.254 0.254 0.259
-§ ;n Ni FORMULA 0.001 0.000 0.001 0.001 0.000 0.000
8 & | Mn FORMULA 0.007 0.006 0.006 0.004 0.005 0.004
% ° Mg FORMULA 0.818 0.818 0.776 0.797 0.772 0.784
g Ca FORMULA 0.801 0.815 0.887 0.876 0.863 0.862
% Na FORMULA 0.005 0.005 0.006 0.007 0.006 0.007
9 K FORMULA 0.000 0.000 0.000 0.000 0.000 0.000
< Cl FORMULA 0.000 0.000 0.000 0.000 0.000 0.000
T-Site 2.058 2.056 2.065 2.064 2.084 2.078
M-Site 1.959 1.958 1.947 1.939 1.901 1.918
Per Klein and Per Klein and Per Klein and Per Klein and Hurlbut, Per Klein and Hurlbut, Per Klein and Hurlbut,
Method Hurlbut, 1999 Hurlbut, 1999 Hurlbut, 1999 1999 1999 1999
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A4-13

Single Stage Leach limenite

SAMPLE ML-70 ML-70 ML-70 ML-70 ML-70 ML-70 ML-70
DESCRIPTION | Light Gray Elongate Chip| Light Gray Elongate Chip| Light Gray Elongate Chip| Light Gray Elongate Chip| Light Gray Elongate Chip| Light Gray Elongate Chip| Light Gray Toothlike Fragment
NUMBER 16 16 16 17 17 17 18
LINE 76 77 78 79 80 81 82
REL. LINE 1 2 3 1 2 3 1
PHASE limenite lImenite limenite IImenite limenite limenite limenite
Si02 0.016 0.008 0.033 0.011 0.015 0.003 0.042
- TiO2 49.178 49.204 49.154 50.541 56.350 50.974 49.527
g Nb205 0.000 0.000 0.000 0.000 0.000 0.000 0.000
E Al203 0.041 0.053 0.027 0.017 0.021 0.045 0.045
< FeO 45.015 44,792 44823 43.561 46.569 42.844 43.253
% MnO 0415 0.345 0.395 0.388 0488 0.378 0.379
- Mg0 3.031 2.955 2.935 3.579 3.958 3.556 3.629
cao 0.000 0.000 0.000 0.000 0.000 0.000 0.000
V203 0239 0270 0.275 0.305 0.319 0.336 0403
Cr203 0.013 0.021 0.042 0.064 0.035 0.056 0.049
NiO 0.012 0.035 0.054 0.068 0.018 0.021 0.086
Cl 0.000 0.000 0.000 0.000 0.000 0.000 0.000
TOTAL 97.961 97.681 97.738 98.533 107.772 98.213 97.413
5 5i02 0.016 0.008 0.033 0.011 0.015 0.003 0.042
é TiO2 49.178 49.204 49.154 50.541 56.350 50.974 49.527
é = Nb2 05 0.000 0.000 0.000 0.000 0.000 0.000 0.000
; S Al203 0.041 0.053 0.027 0.017 0.021 0.045 0.045
'§ ﬂé Fe203 8.124 7.753 7.905 6.579 4928 5.376 7.564
-2 § FeO 37.705 37.815 37.710 37.641 42.134 38.006 36.446
‘E % MnO 0415 0.345 0.395 0.388 0488 0.378 0.379
< Q{ MgOo 3031 2.955 2.935 3.579 3.958 3.556 3.629
% % Ca0 0.000 0.000 0.000 0.000 0.000 0.000 0.000
g g [v203 0.239 0270 0.275 0.305 0.319 0.336 0403
% = [Cr203 0.013 0.021 0.042 0.064 0.035 0.056 0.049
= = |NiO 0.012 0.035 0.054 0.068 0.018 0.021 0.086
73 Cl 0.000 0.000 0.000 0.000 0.000 0.000 0.000
£ TOTAL 98.510 98.132 98.158 98.755 107.894 98.338 97.632
Si 0.001 0.000 0.002 0.001 0.001 0.000 0.002
T‘f Ti 1.855 1.863 1.861 1.891 1.927 1.913 1.872
< Nb 0.000 0.000 0.000 0.000 0.000 0.000 0.000
§ Al 0.002 0.003 0.002 0.001 0.001 0.003 0.003
g = Fe(iii) 0307 0.294 0.299 0.246 0.169 0.202 0.286
= g Fe(ii) 1.581 1.592 1.587 1.565 1.602 1.586 1.531
g %. Mn 0.018 0.015 0.017 0.016 0.019 0.016 0.016
E § Mg 0227 0222 0.220 0.265 0.268 0.265 0.272
% % Ca 0.000 0.000 0.000 0.000 0.000 0.000 0.000
cQ \4 0.010 0.011 0.011 0.012 0.012 0.013 0.016
E Cr 0.001 0.001 0.002 0.003 0.001 0.002 0.002
< Ni 0.001 0.001 0.002 0.003 0.001 0.001 0.003
E Cl 0.000 0.000 0.000 0.000 0.000 0.000 0.000
TOTAL 3.990 3.988 3.987 3.985 3.987 3.984 3.982
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Sincle stage Leach limenite

SAMPLE ML-70 ML-70 ML-71 ML-71 ML-71 ML-71 ML-71
DESCRIPTION | Light Gray Toothlike Fragment| Light Gray Toothlike Fragment| Light Gray Angular Chip| Light Gray Angular Chip | Light Gray Angular Chip| Light Gray Angular Chip| Light Gray Angular Chip
NUMBER 18 18 31 31 31 32 32
LINE 83 84 119 120 121 122 123
REL. LINE 2 3 1 2 3 1 2
PHASE limenite IImenite lime nite lImenite limenite IImenite limenite
Si02 0.049 0.143 0.042 0.044 0.034 0.050 0.036
m TiO2 49.416 49,150 49.140 49,117 419,141 50.327 54.974
E_ Nb205 0.000 0.000 0.000 0.000 0.000 0.000 0.000
g Al203 0.044 0.032 0.067 0.039 0.035 0.066 0.053
< FeQ 43.042 42.300 43.331 43.070 43.017 43.293 46.963
= MnO 0.559 0.619 0.379 0.470 0.352 0.463 0.500
- MgO 3.822 3.637 3.310 3.201 3.305 3.525 3.662
Ca0o 0.000 0.000 0.000 0.000 0.000 0.000 0.000
V203 0.389 0.402 0376 0384 0.360 0.192 0.219
Cr203 0.058 0.066 0.064 0.051 0.033 0.046 0.077
NiO 0.096 0.051 0.057 0.017 0.000 0.029 0.044
Cl 0.000 0.009 0.000 0.000 0.028 0.000 0.000
TOTAL 97.475 96.408 96.766 96.393 96.305 97.990 106.529
5 Si02 0.049 0.143 0.042 0.044 0.034 0.050 0.036
é TiO2 49416 49.150 49.140 49.117 49141 50.327 54.974
é 7 Nb205 0.000 0.000 0.000 0.000 0.000 0.000 0.000
= g |aro3 0.044 0.032 0.067 0.039 0.035 0.066 0.053
'§ ﬂg Fe203 8.001 7.083 7.366 6.970 6.839 6.003 5.955
2 § FeQ 35.843 35.926 36.703 36.797 36.863 37.892 41.605
E- % MnO 0.559 0.619 0.379 0470 0.352 0.463 0.500
<< v [Mgo 3.822 3.637 3.310 3.201 3.305 3.525 3.662
% E ca0o 0.000 0.000 0.000 0.000 0.000 0.000 0.000
- g |v203 0.389 0.402 0376 0.384 0.360 0.192 0.219
% = |Cr203 0.058 0.066 0.064 0.051 0.033 0.046 0.077
= = |NiO 0.096 0.051 0.057 0.017 0.000 0.029 0.044
TE cl 0.000 0.009 0.000 0.000 0.028 0.000 0.000
£ TOTAL 97.734 96.590 97.007 96.639 96.569 98.324 106.785
Si 0.002 0.007 0.002 0.002 0.002 0.002 0.002
L}f Ti 1.863 1.876 1.873 1.881 1.882 1.892 1.905
= Nb 0.000 0.000 0.000 0.000 0.000 0.000 0.000
; Al 0.003 0.002 0.004 0.002 0.002 0.004 0.003
g = Fel(iii) 0.302 0.270 0.281 0.267 0.262 0.226 0.206
= 8 Fe(ii) 1.503 1.524 1.555 1.567 1.570 1.584 1.603
% “C:; Mn 0.024 0.027 0.016 0.020 0.015 0.020 0.020
g 5 Mg 0.286 0275 0.250 0.243 0.251 0263 0.251
E % Ca 0.000 0.000 0.000 0.000 0.000 0.000 0.000
s v A 0.016 0.016 0.015 0.016 0.015 0.008 0.008
E Cr 0.002 0.003 0.003 0.002 0.001 0.002 0.003
S Ni 0.004 0.002 0.002 0.001 0.000 0.001 0.002
E Cl 0.000 0.001 0.000 0.000 0.002 0.000 0.000
TOTAL 3.982 3.981 3.982 3.982 3.984 3.990 3.989
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Sinble Stage Leach llmenite

SAMPLE ML-71 ML-71 ML-71 ML-71 ML-72 ML-72 ML-72
DESCRIPTION| Light Gray Angular Chip| Light Gray Blocky Chip | Light Gray Blocky Chip| Light Gray Blocky Chip| Light Gray Hexagon-like| Light Gray Hexagon-like| Light Gray Hexagon-like
NUMBER 32 33 33 33 41 41 a1
LINE 124 125 126 127 149 150 151
REL. LINE 3 1 2 3 1 2 3
PHASE limenite limenite lImenite lImenite limenite limenite
Si02 0.026 0.044 0.073 0.100 0.000 0.000 0.000
- TiO2 50.125 51.020 51.036 51.814 52.085 52.555 50.279
E. Nb205 0.000 0.000 0.000 0.000 0.000 0.000 0.000
g ARO3 0.017 0.033 0.037 0.000 0.033 0.029 0.022
= FeO 42.854 13961 14111 42.924 41.346 41.566 43.767
= MnO 0460 0463 0477 0.507 0.428 0.411 0.369
- MgO 3.528 3.179 3.108 3.194 41.178 4.152 4.053
Ca0 0.000 0.000 0.000 0.000 0.000 0.000 0.000
V203 0.215 0.090 0.138 0.076 0.203 0.213 0.326
Cr203 0.026 0.007 0.013 0.020 0.013 0.038 0.067
NiO 0.035 0.002 0.018 0.012 0.071 0.038 0.065
Cl 0.000 0.000 0.000 0.000 0.000 0.000 0.000
TOTAL 97.285 98.799 99.010 98.649 98.358 99.002 98.948
S $i02 0.026 0.044 0.073 0.100 0.000 0.000 0.000
Q—'i TiO2 50.125 51.020 51.036 51.814 52.085 52.555 50.279
é = Nb205 0.000 0.000 0.000 0.000 0.000 0.000 0.000
= S |aRo3 0.017 0.033 0.037 0.000 0.033 0.029 0.022
'§ dC:; Fe203 5.763 4.927 5.086 2.982 3.332 3.151 8.077
2 § FeQ 37.668 39.528 39.534 40.241 38.348 38.731 36499
'5 % MnO 0.460 0.463 0477 0.507 0.428 0.411 0.369
< O_ MgO 3.528 3.179 3.108 3.194 4.178 4.152 4.053
g E Cad 0.000 0.000 0.000 0.000 0.000 0.000 0.000
o g |v203 0.215 0.090 0.138 0.076 0.203 0.213 0.326
% = |cr0o3 0.026 0.007 0.013 0.020 0.013 0.038 0.067
= = |Ni0 0.035 0.002 0.018 0.012 0.071 0.028 0.065
T:\; Cl 0.000 0.000 0.000 0.000 0.000 0.000 0.000
& TOTAL 97.587 99.194 99.350 98.838 98.405 99.028 99.299
Si 0.001 0.002 0.004 0.005 0.000 0.000 0.000
L: Ti 1.899 1.909 1.906 1.943 1.945 1.951 1.865
< Nb 0.000 0.000 0.000 0.000 0.000 0.000 0.000
; Al 0.001 0.002 0.002 0.000 0.002 0.002 0.001
E z Fe(iii) 0.218 0.184 0.190 0.112 0.125 0.117 0.300
= 8 Felii) 1.586 1.644 1.642 1.678 1.592 1.598 1.505
% ‘g Mn 0.020 0.019 0.020 0.021 0.018 0.017 0.015
g 3 [mg 0.265 0.236 0.230 0.237 0.309 0.305 0.298
= % Ca 0.000 0.000 0.000 0.000 0.000 0.000 0.000
v | 0.009 0.004 0.005 0.003 0.008 0.008 0.013
E Cr 0.001 0.000 0.001 0.001 0.001 0.001 0.003
g Ni 0.001 0.000 0.001 0.000 0.003 0.002 0.003
E Cl 0.000 0.000 0.000 0.000 0.000 0.000 0.000
TOTAL 3.990 3.996 3.994 3.996 3.991 3.990 3.985
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Single Stage Leach limenite

SAMPLE ML-72 ML-72 ML-72 ML-72 ML-72 ML-72
DESCRIPTION | Light Gray Elongate Chip| Light Gray Elongate Chip| Light Gray Elongate Chip| Light Gray Elongate Chip| Light Gray Elongate Chip| Light Gray Elongate Chip
NUMBER 41 41 41 42 42 42
LINE 152 153 154 155 156 157
REL. LINE 4 5 6 1 2 3
PHASE limenite lIme nite limenite limenite limenite
Si02 0.014757 0 0 0.01436 0.018662 0
" TiO2 50.2889 50.838 50.7841 49.8983 49.8533 49.8389
2 [Nb205 0 0 0 0 0 0
E Al203 0.029268 0.016045 0.035649 0.02927 0.021826 0.032307
« FeO 452628 45.0579 44.1779 44 9874 45.6144 45.1518
= MnO 0433311 0.444986 0.529636 042089 0.372525 0.444049
- Mg0 2.64023 2.66025 269125 3.04052 3.01519 3.0146
Ca0 0 0 0 0 0 0
V203 0.269206 0.252401 0.245323 0.3127 0.307553 0.339771
Cr203 0.07986 0.046431 0.074434 0.057123 0.044558 0.087736
NiO 0.02131 0.06219 0.079848 0.060428 0.063928 0.018651
Cl 0 0 0 0 0 0
TOTAL 99.0397 99.3782 98.6181 98.821 99.3119 08.9278
R Sio2 0.014757 0 0 0.01436 0.018662 0
Q{ TiO2 50.2889 50.838 50.7841 49.8983 49.8533 49.8389
3 = [nb20s 0 0 0 0 0 0
; 2 Al203 0.029268 0.016045 0.035649 0.02927 0.021826 0.032307
'§ JC:; Fe203 6.843926307 5.980681492 5278957028 7.775315624 8.350682985 8.194208475
2 Dé FeO 39.10431327 39.67620155 3942764622 37.99080536 38.10006275 37.77826587
';E % MnO 0433311 0.444986 0.529636 042089 0.372525 0.444049
< L-'{ Mg0 2.64023 2.66025 269125 3.04052 3.01519 3.0146
£Y [cao 0 0 0 0 0 0
E ; V203 0.269206 0.252401 0.245323 0.3127 0.307553 0.339771
E E Cr203 0.07986 0.046431 0.074434 0.057123 0.044558 0.087736
S = |NiO 0.02131 0.06219 0.079848 0.060428 0.063928 0.018651
5 Tl 0 0 0 0 0 0
& TOTAL 99.35470557 9961616404 98.74723825 99.16946098 99.73224874 99.30233035
Si 0.000735065 0 0 0.00071459 0.000924147 0
g Ti 1.884046058 1.899622857 1.912308653 1.867582781 1.856815883 1.862836102
Y Nb 0 0 0 0 0 0
; Al 0.001718109 0.000939414 0.002103371 0.001716544 0.001273759 0.001892087
E = Fe(iii) 0.25651022 0.223567965 0.198864987 0.291133451 0.311155081 0.306403115
= 8 Fe(ii) 1.628753367 1.648239437 1.650601991 1.580825363 1.577654518 1.569854854
% %. Mn 0.01827957 0.018722858 0.022457148 0.017738202 0.01562346 0.01868891
g DE.J Mg 0.196062326 0.197030923 0.200871019 0.2255667 0.222598701 0.223341229
= 2 |ca 0 0 0 0 0 0
o v vV 0.010750424 0.010052903 0.009816683 0.012475084 0.01221002 0.013536737
E Cr 0.003144863 0.001823644 0.002916148 0.002247285 0.00174443 0.003446967
< Ni 0.000853844 0.002485279 0.003215658 0.002418844 0.002546488 0.000745562
E Cl 0 0 0 0 0 0
TOTAL 3.986104713 3.988123454 3.987207168 3.985277631 3.98604 555 3.983016297
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2-Stage Leach Amphiboles

SAMPLE ML-77_Augite ML-77_Augite ML-77_Augite ML-77_Augite-dark ML-77_Augite-dark ML-77_Augite-dark
Light Gray Massive Light Gray Massive
DESCRIPTION Elongate Elongate Light Gray Massive Elongate |Medium Gray Massive|Medium Gray Massive Medium Gray Massive
NUMBER 15 15 15 16 16 16
LINE 101 102 103 104 105 106
REL. LINE 1 2 3 1 2 3
Magnesio-Hornblende - Bad
PHASE Actinolite Actinolite Analysis? Tremolite Tremolite Tremolite
Si02 53.419 51.952 26.501 47.687 53.617 53.781
Ti0o2 0.343 0.313 0.793 0.458 0.376 0.349
Al203 0948 0.781 0.504 0.803 1.221 1.195
Cr203 0.020 0.006 0.000 0.030 0.029 0.045
FeQ 8424 §.550 5.154 3.049 4.453 4.027
é NiO 0.000 0.031 0.035 0.029 0.048 0.010
g MnO 0.056 0.057 0.040 0.056 0.084 0.075
b MgO 19.347 18.109 11.436 19.737 21.434 21.543
E Ca0 12.386 11.736 6.654 10.063 14.677 14.635
Na20 0.563 0474 0.300 0416 0484 0.522
K20 0.009 0.021 0.013 0.037 0.018 0.019
503 0.069 0.006 0.179 0.104 0.109 0.168
c 0.037 0.000 0.610 0.198 0.000 0.000
TOTAL 95.621 92.037 52.219 82.667 96.550 96.370
" Si_FORMULA 7.699 7.800 6.817 7.733 7.525 7.559
En Ti_FORMULA 0.037 0.035 0.153 0.056 0.040 0.037
g Al_FORMULA 0.161 0.138 0.153 0.154 0.202 0.198
‘_=“ Cr_FORMULA 0.002 0.001 0.000 0.004 0.003 0.005
§ Feliii}+_FORMULA 0.176 0.045 1.109 0.076 0.484 0.389
“mg Felii)_FORMULA 0.840 1.029 0.000 0.338 0.039 0.084
r;‘ Ni_ FORMULA 0.000 0.004 0.008 0.004 0.005 0.001
% Mn_FORMULA 0.007 0.007 0.009 0.008 0.010 0.009
E Mg FORMULA 4,157 4.053 4.386 4.772 4.485 4.514
g Ca_FORMULA 1.912 1.888 1.834 1.748 2.207 2.204
E Na_FORMULA 0.157 0.138 0.150 0.131 0.132 0.142
'_E:QJ K_FORMULA 0.002 0.004 0.004 0.008 0.003 0.003
] S_Formula 0.005 0.000 0.024 0.008 0.008 0.012
2 Cl_Formula 0.009 0.000 0.532 0.109 0.000 0.000
GabbroSoft.com GabbroSoft.com GabbroSoft.com GabbroSoft.com
Method AMPH15.xls and AMPH15.xls and GabbroSoft.com AMPH15.xls AMPH15.xls and AMPH15.xls and GabbroSoft.com AMPH15.xls
AMPHNAMES.xls AMPHNAMES.xls and AMPHNAMES .xls AMPHNAMES.xls AMPHNAMES.xls and AMPHNAMES.xls
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SAMPLE ML-77_Augite ML-77_Augite ML-77_Augite ML-77_Augite ML-78_Amphibole | ML-78_Amphibole | ML-78_Amphibole
Light Gray Massive | Light Gray Massive | Light Gray Massive Light Medium Gray | Light Medium Gray | Light Medium Gray
DESCRIPTION Elongate Elongate Elongate Light Gray Splintery Elongate Elongate Elongate
NUMBER 18 18 18 19 35 35 35
LINE 110 111 112 114 161 162 163
REL. LINE 1 2 3 2 1 2 3
PHASE Actinolite Actinolite Actinolite Actinolite Tremolite Tremolite Tremolite

Sioz2 55.092 52.342 52.530 47.982 52.005 55.719 54.897
TiO2 0.242 0.284 0.332 0.735 0.145 0.106 0.190
Al203 0.390 0.715 0.881 1.124 0.496 0.436 0.636
Cr203 0.003 0.032 0.013 0.004 0.000 0.007 0.007
FeO 9.808 8.481 8.517 3.784 4.035 3.628 4.643
é NiO 0.008 0.029 0.000 0.058 0.030 0.074 0.016
::CU MnO 0.077 0.079 0.076 0.083 0.074 0.064 0.093
< MgO 18.082 18.123 18.760 17.894 21611 22.730 22.488
E Ca0 12.602 11.910 12.158 9.895 11.392 12.795 12.185
Na20 0.315 0.455 0.562 0.439 0.273 0.291 0.390
K20 0.006 0.016 0.015 0.028 0.021 0.016 0.029
S0O3 0.034 0.033 0.095 0.000 0.029 0.112 0.030
cl 0.094 0.005 0.000 0.167 0.000 0.000 0.046
TOTAL 96.752 92.505 93.940 82.194 S0.112 95.978 95,851
Si_FORMULA 7.886 7.820 7.724 7.847 7.756 7.807 7.732
go Ti_FORMULA 0.026 0.032 0.037 0.090 0.016 0.011 0.020
0? Al_FORMULA 0.066 0.126 0.153 0.217 0.087 0.072 0.106
‘_g Cr_FORMULA 0.000 0.004 0.001 0.001 0.000 0.001 0.001
E Feliii)}+_FORMULA 0.006 0.017 0.119 0.000 0.273 0.163 0.266
"3’ Felii)_FORMULA 1.168 1.043 0.929 0.518 0.230 0.263 0.281
r; Ni_FORMULA 0.001 0.004 0.000 0.008 0.004 0.008 0.002
§ Mn_FORMULA 0.009 0.010 0.009 0.011 0.009 0.008 0.011
_‘E Mg_FORMULA 3.859 4,037 4.113 4.363 4.805 4.748 4.722
E‘ Ca_FORMULA 1.933 1.906 1.915 1.734 1.820 1.921 1.838
E Na_FORMULA 0.087 0.132 0.160 0.139 0.079 0.079 0.107
% K_FORMULA 0.001 0.003 0.003 0.006 0.004 0.003 0.005
8 S_Formula 0.002 0.002 0.007 0.000 0.002 0.008 0.002
e Cl_Formula 0.046 0.003 0.000 0.093 0.000 0.000 0.022

Methaod

GabbroSoft.com
AMPH15.xls and
AMPHNAMES.xls

GabbroSoft.com
AMPH15 xIs and
AMPHNAMES.xls

GabbroSoft.com
AMPH15.xls and
AMPHNAMES.xls

GabbroSoft.com
AMPH15 xIs and
AMPHNAMES.xIs

GabbroSoft.com
AMPH15.xls and
AMPHNAMES.xls

GabbroSoft.com
AMPH15 xls and
AMPHNAMES.xls

GabbroSoft.com
AMPH15.xls and
AMPHNAMES.xls
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SAMPLE ML-78_Amphibole | ML-78_Amphibole | ML-78_Amphibole | ML-78_Amphibole | ML-78_Amphibole | ML-78_Amphibole
Light Medium Gray | Light Medium Gray | Light Medium Gray Light Gray Light Gray Light Gray
DESCRIPTION Elongate Cleavage | Elongate Cleavage | Elongate Cleavage | Composite Elongate| Composite Elongate| Composite Elongate
NUMBER 36 36 36 37 37 37
LINE 164 165 166 167 168 169
REL. LINE 1 2 3 1 2 3
PHASE Tremolite Tremolite Tremolite Tremolite Tremolite Tremolite

Si02 56.132 51.580 54.959 55.750 55.485 55.242
Tio2 0.149 0.256 0.153 0.146 0.164 0.144
Al203 0.611 1.192 1.007 0.396 0.653 0.404

Cr203 0.010 0.007 0.008 0.000 0.000 0.003

FeO 3.274 4.432 3.710 3.352 3.772 3.475

é NiO 0.055 0.047 0.016 0.042 0.009 0.071
:_E“ MnO 0.065 0.082 0.061 0.045 0.0684 0.063
< MgO 22.948 20.558 22.268 22.592 22.265 22.910
E Ca0 12.989 11.785 12.747 12.581 12.492 12.627
Na20 0.299 0.525 0.387 0.286 0.325 0.284
K20 0.009 0.023 0.014 0.001 0.011 0.016
S0O3 0.069 0.000 0.095 0.060 0.001 0.122
cl 0.000 0.036 0.001 0.031 0.000 0.021
TOTAL 96.609 90.502 95.425 95.280 95.239 95.382
" Si_FORMULA 7.801 7.709 7.756 7.855 7.839 7.773
§D Ti_FORMULA 0.016 0.029 0.016 0.015 0.017 0.015
g Al_FORMULA 0.100 0.210 0.167 0.066 0.109 0.067
‘_:" Cr_FORMULA 0.001 0.001 0.001 0.000 0.000 0.000
E Feiii)+_FORMULA 0.155 0.158 0.139 0.091 0.087 0.224
“mg Fe(ii)_FORMULA 0.225 0.396 0.299 0.304 0.359 0.185
';‘ Ni_FORMULA 0.006 0.006 0.002 0.005 0.001 0.008
% Mn_FORMULA 0.008 0.010 0.007 0.005 0.008 0.008
E Mg_FORMULA 4.754 4.580 4.685 4.745 4.650 4.806
E“ Ca_FORMULA 1.934 1.884 1.927 1.899 1.891 1.904
E Na_FORMULA 0.081 0.152 0.106 0.078 0.089 0.077
'_% K_FORMULA 0.002 0.004 0.002 0.000 0.002 0.003
] S_Formula 0.005 0.000 0.007 0.004 0.000 0.009
e Cl_Formula 0.000 0.018 0.001 0.015 0.000 0.010

Method

GabbroSoft.com
AMPH15.xls and
AMPHNAMES.xls

GabbroSoft.com
AMPH15 xls and
AMPHNAMES.xls

GabbroSoft.com
AMPH15.xls and
AMPHNAMES.xls

GabbroSoft.com
AMPH15 xls and
AMPHNAMES.xls

GabbroSoft.com
AMPH15.xls and
AMPHNAMES.xls

GabbroSoft.com
AMPH15 xls and
AMPHNAMES.xls
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A4-20

2-Stage Leach Chlorites

SAMPLE ML-78_Clay unknownML-78_Clay unknowry ML-78_Clay unknown | ML-78_Clay unknown| ML-78_Clay unknown|
DESCRIPTION Medium Gray Platy? | Medium Gray Platy? [Medium Gray ElongatqMedium Gray ElongatdMedium Gray Elongate
NUMBER 33 33 34 34 34
LINE 156 157 158 159 160
REL LINE 2 3 1 2 3
PHASE Clinochlore Clinochlore Clinochlore Clinochlore Clinochlore
Sio2 26.0447 26.6699 30.1023 28.8955 311721
Tio2 0.429679 0.107345 0.519149 0.408916 0.846241
Al203 22.8853 23.6928 14.806 14.1214 12.2365
Cr203 0.207053 0.194147 0.222982 0.183487 0.101409
FeO 4.91257 539179 6.03943 6.17426 517321
-2 NIO 0.084401 0.074963 0.062642 0.052209 0.078856
—: MnO 0.022479 0.00697 0.021803 0.020789 0.000563
é MgO 28.3522 29.0515 29.8508 30.0824 27.6238
g Ca0 0.012908 0.036409 0.048494 0.044572 0.063442
E Naz0 0.00011 0.003193 0.0088 0.021732 0.00837
K20 0 0.005031 0.003287 0.016116 0.012325
503 0.16704 0.1495 0.055064 0.140889 0
cl 0 0.000698 0.024074 0.005931 0.099924
TOTAL 83.1184 85.3842 81.7648 80.1681 77.4167
OHJ{apiu) 8 3 7.9965 7.9982 7.9816
Si 26039 2.5958 3.0736 3.0079 3.3307
B 0 0 0 0 0
Al(Iv) 1.3961 1.4042 0.9264 0.9921 0.6693
TotalTetrahedral 4 4 4 4 4
Al{vI) 1.3016 1.3133 0.8559 0.7399 0.8721
Ti 0.0323 0.0081 0.0399 0.0321 0.0683
v 0 0 0 0 0
Cr 0.0166 0.0146 0.0178 0.0148 0.0084
Mn3+ 0 0 0 0 0
P Fe3+ 0.0203 0.0584 0 0.1635 0
= Fe2+ 0.3903 0.3803 0.5158 0.3735 0.462
g Mn 0.0017 0.0008 0.0017 0.0018 o]
= Ni 0.0064 0.0055 0.0049 0.0042 0.0069
5 Co 0 0 0 0 0
3 Zn 0 0 0 0 0
=2 Cu Q 0 0 0 0
; Mg 4.2262 4.2151 4.5439 4.6672 4.3997
g Total]Octahedral 5.9954 5.9961 5.98 5.997 58175
-_g [Octahedral vacant] 0.0046 0.0029 0.02 0.003 0.1825
'E [Ca 0.0011 0.0042 0.0055 0.0045 0.0069
b Ba Q 0 0 0 0
Na Q 0 0.002 0.004 0.0021
K Q0 0.0012 0 0.0027 0.0014
Rb 0 0 0 0 0
Cs 0 0 0 0 0
Li 0 0 0 0 0
Total 0.0011 0.0054 0.0075 0.0112 0.0103
OH 8 8 7.9965 7.9982 7.9816
F 0 0 0 0 0
cl 0 0 0.0035 0.0018 0.0184
v o [Species{Zane and Weiss, 1998)] Mg chlorite Mg chlorite Mg chlorite Mg chlorite Mg chlorite
-‘g & Species{Wiewiora and Weiss, 1990} Clinochlore Clinochlore Clinochlore Clinochlore Clinochlore
E § [SpeciesiBaylis, 1975]] Clinochlore Clinochlore Clinochlore Clinochlore Clinochlore
[Species{ThisStudy]] Clinochlore Clinochlore Clinochlore Clinochlore Clinochlore
Method Yavuz 2015 Yavuz 2015 Yavuz 2015 Yavuz 2015 Yavuz 2015
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A4-21

2-Stage Leach llmenite

SAMPLE ML-77 ML-77 ML-77 ML-77 ML-77 ML-77 ML-77 ML-77
DESCRIPTION Light Gray Elongate Broken | Light Gray Elongate Broken | Light Gray Elongate Broken | Light Gray Broken | Light Gray Broken| Light Gray Broken | Light Gray Broken Light Gray Broken
NUMBER 12 12 12 13 13 13 14 14
LINE 92 93 94 95 96 97 93 99
REL. LINE 1 2 3 1 2 3 1 2
PHASE limenite llmenite llmenite lmenite limenite limenite llmenite limenite
Sio2 0.794 8421 8.687 12.378 2.766 1.422 8367 5.404
TiO2 37.408 39.881 40.650 38276 26.804 46,518 37.392 40,913
-2 Nb205 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
= Al203 0.091 1.400 1101 2.425 0.229 0.503 1.000 0.755
kS FeO 34.714 36.489 35712 31221 21.489 38961 30.863 34.264
g MnO 0.308 0.244 0.328 0.208 0.203 0.347 0.274 0.322
E MgO 3.322 2.512 1.465 3.073 2,411 3.131 3.629 A.077
Ca0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
V203 0.394 0.375 0.312 0.333 0.293 0.292 0.353 0.349
Cr203 0.068 0.035 0.065 0.014 0.019 0.056 0.056 0.016
NiO 0.036 0.000 0.037 0.060 0.050 0.032 0.034 0.032
Cl 0.381 0.247 0.127 0.147 0.766 0.074 0.093 0.113
503 0.285 0.025 0.117 0.155 0.407 0.192 0.433 0.198
TOTAL 77.802 89.729 88611 88.389 55.465 91.530 82.493 $6.443
. Si02 0.794 8421 8.687 12378 2.766 1.422 8.367 5.404
E TiO2 37.408 39.881 40.650 38276 26.804 46.518 37.392 40.913
E‘ . Nb205 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
L g Al203 0.091 1.400 1.101 2.425 0.229 0.503 1.000 0.755
£ S Fe203 8.533 0.000 0.000 0.000 0.000 2616 0.000 0.000
E L‘é FeO 27.035 36.489 35712 31221 21.489 36.607 30.863 34.264
E E MnO 0.308 0.244 0.338 0.208 0.203 0.247 0.274 0.322
E E MgO 3.322 2.512 1465 3.073 2.441 3.131 3.629 4.077
g9 Ca0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
E 5 V203 0.394 0.375 0.312 0.333 0.293 0.292 0.353 0.349
z g Cr203 0.068 0.035 0.065 0.014 0.019 0.056 0.056 0.016
B = NiO 0.036 0.000 0.037 0.060 0.050 0.032 0.034 0.032
3 Cl 0.381 0.247 0.127 0.147 0.766 0.074 0.093 0.113
g <03 0.285 0.025 0.117 0.155 0.407 0.192 0.433 0.198
= TOTAL 78.656 89.729 88.611 88,389 55.465 91.792 82.493 86.443
Si 0.050 0.449 0.475 0.658 0.245 0.076 0.299 0.299
- Ti 1.768 1.601 1671 1.530 1.783 1.870 1.701 1.701
5 Nb 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
= Al 0.007 0.088 0.071 0.152 0.024 0.032 0.049 0.049
s = Fe(iii) 0.404 0.000 0.000 0.000 0.000 0.105 0.000 0.000
3 E Felii) 1421 1629 1.632 1.388 1.589 1.626 1.584 1.584
; ; Mn 0.016 0.016 0.016 0.014 0.015 0.016 0.015 0.015
g g Mg 0.311 0.200 0.119 0.244 0.322 0.250 0.336 0.336
Lg 3.: Ca 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
28 v 0.020 0.016 0.014 0.014 0.021 0.013 0.015 0.015
& Cr 0.003 0.001 0.003 0.001 0.001 0.002 0.001 0.001
-E Ni 0.002 0.000 0.002 0.003 0.004 0.001 0.001 0.001
g cl 0.041 0.022 0.012 0.013 0.115 0.007 0.011 0.011
= S_Form 0.007 0.000 0.002 0.003 0.013 0.004 0.009 0.004
TOTAL 3.977 3.982 3.984 3.985 3.978 3.985 3.984 3.984
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2-Stage Leach llmenite

SAMPLE ML-77 ML-78 ML-78 ML-78 ML-78 ML-78 ML-78 ML-78 ML-78 ML-78
DESCRIPTION | Light Gray Broken | Light Gray Massive| Light Gray Massive | Lisht Gray Massive| Light Gray Blocky| Light Gray Blocky| Light Gray Blocky| Light Gray Massive| Light Gray Massive| Light Gray Massive

NUMBER 14 30 30 30 31 31 31 32 32 32

LINE 100 146 147 148 149 150 151 152 153 154

REL. LINE 3 1 2 3 1 2 3 1 2 3
PHASE limenite limenite limenite limenite limenite llmenite llmenite limenite limenite limenite
Si02 0.934 0.032 0.034 0.067 0.000 0.000 0.035 2.416 1.163 1.153
Tio2 48.065 49.946 49.571 50.189 48.645 48.818 48.077 42.917 46.266 45.314
-2 Nb205 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
ﬁ Al20O3 0.322 0.004 0.015 0.005 0.000 0.021 0.000 1.329 0.473 0.027
I FeO 40.360 43.734 43.886 43.867 43.970 44.569 43.501 44.072 44.722 43.089
£ MnO 0.335 0.481 0.513 0.567 0.377 0.409 0.372 0.839 0.873 0.860
E MgO 4.235 3.037 3.021 3.212 3.566 3.635 3.570 0.727 0.560 0.512
Ca0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
V203 0.315 0.327 0.399 0.329 0.388 0.356 0.369 0.291 0.159 0.117
Cr203 0.053 0.007 0.055 0.075 0.067 0.069 0.027 0.014 0.000 0.039
NiO 0.050 0.037 0.049 0.031 0.036 0.020 0.033 0.000 0.027 0.000
Cl 0.000 0.000 0.000 0.000 0.008 0.000 0.000 0.000 0.027 0.042
503 0.030 0.000 0.000 0.030 0.000 0.052 0.084 0.053 0.005 0.000
TOTAL 94.700 97.600 97.543 98.370 97.056 97.949 96.069 92.658 94.274 91.153
+ Si02 0.934 0.032 0.034 0.067 0.000 0.000 0.035 2.416 1.163 1.153
E Tio2 48.065 49.946 49.571 50.189 48.645 48.818 48.077 42.917 46.266 45.314
:-E . Nb205 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
L E Al20O3 0.322 0.004 0.015 0.005 0.000 0.021 0.000 1.329 0.473 0.027
= S Fe203 5.509 6.261 7.188 6.782 9.180 9.751 8,998 6.225 4.508 3.536
E § FeO 35.403 38.100 37.418 37.764 35.710 35.795 35.404 38471 40.665 39.906
E. _‘E MnO 0.335 0.481 0.513 0.567 0.377 0.409 0.372 0.839 0.873 0.860
E @ MgO 4.235 3.037 3.021 3.212 3.566 3.635 3.570 0.727 0.560 0.512
= g Ca0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
E g V203 0.315 0.327 0.399 0.329 0.388 0.356 0.369 0.291 0.159 0.117
E g Cr203 0.053 0.007 0.055 0.075 0.067 0.069 0.027 0.014 0.000 0.039
B = NiO 0.050 0.037 0.049 0.031 0.036 0.020 0.033 0.000 0.027 0.000
E - Cl 0.000 0.000 0.000 0.000 0.008 0.000 0.000 0.000 0.027 0.042
E 503 0.030 0.000 0.000 0.030 0.000 0.052 0.084 0.053 0.005 0.000
« TOTAL 95.251 98.233 98.262 99.049 97.976 98.926 96.970 93.281 94.725 91.507
Si 0.048 0.002 0.002 0.003 0.000 0.000 0.002 0.129 0.062 0.063
& Ti 1.851 1.893 1.880 1.885 1.844 1.833 1.842 1.718 1.841 1.870
5 Nb 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
= Al 0.019 0.000 0.001 0.000 0.000 0.001 0.000 0.083 0.029 0.002
s - Fe(iii) 0212 0.237 0273 0.255 0.348 0.366 0.345 0.249 0.179 0.146
5’ g Fel(ii) 1.516 1.605 1.578 1.577 1.505 1.494 1.508 1.712 1.799 1.831
= d:u Mn 0.015 0.021 0.022 0.024 0.016 0.017 0.016 0.038 0.039 0.040
E g Mg 0.323 0.228 0227 0.239 0.268 0.271 0271 0.058 0.044 0.042
L =5 Ca 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
.‘g E vV 0.013 0.013 0.016 0.013 0.016 0.014 0.015 0.012 0.007 0.005
& Cr 0.002 0.000 0.002 0.003 0.003 0.003 0.001 0.001 0.000 0.002
.E Ni 0.002 0.002 0.002 0.001 0.001 0.001 0.001 0.000 0.001 0.000
E Cl 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.002 0.004
= S _Form 0.001 0.000 0.000 0.001 0.000 0.001 0.002 0.001 0.000 0.000
TOTAL 3.985 3.987 3.982 3.984 3.982 3.983 3.984 3.987 3.993 3.993
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A4-23

2-Stage Leach Pyroxene

SAMPLE ML-77_Augite-light] ML-77_Augite-light ML-77_Augite-light
DESCRIPTION |Light Gray Massive Light Gray Massive Light Gray Massive
NUMBER 17 17 17
LINE 107 108 109
REL. LINE 1 2 3
PHASE Augite Enstatite? - Bad Analysis?| Bad Analysis - Diopside?
Sio2 50.258 34.337 21.229
TiO2 0.417 1.204 4.858
Al203 1.492 0.606 0.341
Cr203 0.04% 0.000 0.000
" FeO 4.561 2.828 2.443
2 NiO 0.000 0.023 0.000
s MnO 0.069 0.056 0.053
:tc MgOo 18.881 16.949 8.010
Eﬁ Ca0 19.812 9.349 7.100
v Na20 0.227 0.280 0.053
K20 0.010 0.019 0.016
SO3 0.106 0.000 0.716
Cl 0.086 0.401 0.558
TOTAL 95.968 66.052 45.383
o Si_FORMULA 1.911 1.881 1.729
&’}D Ti_FORMULA 0.012 0.050 0.297
35 Al_FORMULA 0.067 0.039 0.033
2 Cr_FORMULA 0.001 0.000 0.000
£ Fe(ii)_FORMULA 0.000 0.130 0.167
"3 Fe(ii)_FORMULA 0.145 0.001 0.000
5 Ni_ FORMULA 0.000 0.003 0.004
z Mn_FORMULA 0.002 1.384 0.972
E Mg_FORMULA 1.071 0.549 0.619
Z Ca_FORMULA 0.807 0.030 0.008
g Na_FORMULA 0.017 0.001 0.002
E K_FORMULA 0.000 0.000 0.044
-g S_Formula 0.002 0.037 0.077
& Cl_Formula 0.006 6.000 6.000
T-Site 1.992 2.09% 2.226
M-Site 1.218 1.936 1.595
Per Klein and Per Klein and Hurlbut, Per Klein and Hurlbut,
Method Hurlbut, 15999 1999 1989
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A4-24

2-Stage Leach Silicate Unknown

SAMPLE ML-77_Silicate unknown|ML-77_Silicate unknown|ML-77_Silicate unknown|ML-77_Silicate unknown|ML-77_Silicate unknown|
DESCRIPTION | Medium Gray Massive | Medium Gray Massive | Medium Gray Massive | Medium Gray Massive | Medium Gray Massive
NUMBER 20 20 20 21 21
LINE 116 117 118 119 120
REL. LINE 1 2 3 1 2
PHASE Impure Quartz? Impure Quartz? Impure Quartz? Impure Quartz? Impure Quartz?
5i02 77.061 76.693 76.206 70.146 74.686
TiO2 1.206 1.268 1.550 0.872 1.072
Al203 0.071 0.096 0.111 0.078 0.099
Cr203 0.020 0.039 0.000 0.000 0.000
“ FeO 1.108 0.998 1.056 2.718 3.027
2 NiO 0.000 0.020 0.035 0.000 0.000
E MnO 0.005 0.000 0.002 0.000 0.000
< MgO 2.183 2.421 3.306 2.762 3.196
% CaO 0.131 0.126 0.153 0.154 0.201
- Na20 0.018 0.022 0.037 0.052 0.034
K20 0.026 0.014 0.049 0.032 0.034
S0O3 0.153 0.190 0.000 0.031 0.000
Cl 0.163 0.2324 0.219 0.257 0.254
TOTAL 82.144 82.120 82.724 77.101 82.602
Si_FORMULA 0.959 0.955 0.947 0.945 0.941
L:‘: Ti_FORMULA 0.011 0.012 0.014 0.009 0.010
E Al_FORMULA 0.001 0.001 0.002 0.001 0.001
"(3 Cr_FORMULA 0.000 0.000 0.000 0.000 0.000
s Fe2+_ FORMULA 0.012 0.010 0.011 0.031 0.032
o é Ni_FORMULA 0.000 0.000 0.000 0.000 0.000
E g Mn_FORMULA 0.000 0.000 0.000 0.000 0.000
> O Mg_FORMULA 0.040 0.045 0.061 0.055 0.060
E Ca_FORMULA 0.002 0.002 0.002 0.002 0.003
.JQ: Na_FORMULA 0.000 0.001 0.001 0.001 0.001
-% K_FORMULA 0.000 0.000 0.001 0.001 0.001
b S_Formula 0.001 0.002 0.000 0.000 0.000
Cl_Formula 0.003 0.005 0.005 0.006 0.005
Method Per Klein and Hurlbut, | PerKlein and Hurlbut, | Per Klein and Hurlbut, | Per Klein and Hurlbut, | Per Klein and Hurlbut,
1999 1999 1999 1999 1999
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A4-25

2-Stage Leach Silicate Unknown

SAMPLE ML-77_Silicate unknown|ML-77_Silicate unknown|ML-77_Silicate unknown|ML-77_Silicate unknown]  ML-78_Siicate unknown
DESCRIPTION | Medium Gray Massive | Medium Gray Massive | Medium Gray Massive | Medium Gray Massive |Dark Gray Composite Elongate]
NUMBER 21 22 22 22 38
LINE 121 122 123 124 170
REL. LINE 3 1 2 3 1
PHASE Impure Quartz? Impure Quartz? Impure Quartz? Impure Quartz? Impure Quartz?
Si02 75.045 80.235 80.690 78.648 76.092
Tio2 1.113 1.173 1.216 1.160 1.340
Al203 0.108 0.054 0.076 0.074 0.046
Cr203 0.000 0.000 0.045 0.009 0.000
" FeO 3.436 1.645 1.597 1.507 0.380
_;l NiO 0.002 0.000 0.000 0.009 0.000
g MnO 0.019 0.000 0.000 0.017 0.000
e MgO 3.177 2.872 3.219 3.387 0.511
% CaO 0.184 0.115 0.151 0.142 0.117
= Na20 0.028 0.010 0.009 0.044 0.004
K20 0.044 0.019 0.015 0.032 0.009
SO3 0.139 0.650 0.000 0.000 0.222
Cl 0.378 0.210 0.155 0.199 0.211
TOTAL 83.674 86.983 87.173 85.229 78.932
Si_FORMULA 0.937 0.946 0.951 0.249 0.976
L:‘: Ti_FORMULA 0.010 0.010 0.011 0.011 0.013
E Al_FORMULA 0.002 0.001 0.001 0.001 0.001
“E Cr_FORMULA 0.000 0.000 0.000 0.000 0.000
£ Fe2+_FORMULA 0.036 0.016 0.016 0.015 0.004
° % Ni_FORMULA 0.000 0.000 0.000 0.000 0.000
_(E g Mn_FORMULA 0.000 0.000 0.000 0.000 0.000
> 0 Mg_FORMULA 0.059 0.050 0.057 0.061 0.010
g Ca_FORMULA 0.002 0.001 0.002 0.002 0.002
ke} Na_FORMULA 0.001 0.000 0.000 0.001 0.000
% K_FORMULA 0.001 0.000 0.000 0.000 0.000
& S _Formula 0.001 0.006 0.000 0.000 0.002
Cl_Formula 0.008 0.004 0.003 0.004 0.005
Per Klein and Hurlbut, | PerKlein and Hurlbut, | Per Klein and Hurlbut, | Per Klein and Hurlbut, .
Method Per Klein and Hurlbut, 1999
1999 1999 1999 1999
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A4-26

2-Stage Leach Silicate Unknown

SAMPLE ML-78_Siicate unknown ML-78_Siicate unknown ML-78 Silicate unknown ML-78 Silicate unknown |
DESCRIPTION [Dark Gray Composite Elongate|Dark Gray Composite Elongate|Medium Gray Equant MassiveiMedium Gray Equant Massive
NUMBER 38 38 39 39
LINE 171 172 173 174
REL. LINE 2 3 1 2
PHASE Impure Quartz? Impure Quartz? Impure Quartz? Impure Quartz?
Si02 76.832 78514 70.519 88.415
Tio2 1.363 1.303 0.820 1.001
Al203 0.065 0.053 0.028 0.032
Cr203 0.000 0.000 0.006 0.010
" FeO 0.366 0.347 0.172 0.200
E NiO 0.028 0.007 0.000 0.000
E MnO 0.019 0.010 0.000 0.000
< MgO 0.400 0.401 0.340 0.408
% Ca0 0.089 0.083 0.059 0.062
- Naz20 0.013 0.029 0.011 0.018
K20 0.020 0.005 0.003 0.000
503 0.024 0.000 0.492 0.201
cl 0.114 0.124 0.626 0.911
TOTAL 79.333 80.876 73.076 91.258
Si_FORMULA 0.979 0.981 0.978 0.984
L:‘: Ti_FORMULA 0.013 0.012 0.009 0.008
E Al_FORMULA 0.001 0.001 0.000 0.000
“‘3 Cr_FORMULA 0.000 0.000 0.000 0.000
£ Fe2+ FORMULA 0.004 0.004 0.002 0.002
o é’ Ni_FORMULA 0.000 0.000 0.000 0.000
_'E g Mn_FORMULA 0.000 0.000 0.000 0.000
> O Mg_FORMULA 0.008 0.007 0.007 0.007
E Ca_FORMULA 0.001 0.001 0.001 0.001
E Na_FORMULA 0.000 0.001 0.000 0.000
-g K_FORMULA 0.000 0.000 0.000 0.000
by S_Formula 0.000 0.000 0.005 0.002
Cl_Formula 0.002 0.003 0.015 0.017
Method Per Klein and Hurlbut, 1999 | Per Klein and Hurlbut, 1999 | Per Klein and Hurlbut, 1999 | Per Klein and Hurlbut, 1999
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A4-27

2-Stage Leach Silicate Unknown

SAMPLE ML-78_Silicate unknown ML-78_Silicate unknown | ML-78_Silicate unknown | ML-78_Silicate unknown |
DESCRIPTION [Medium Gray Equant MassivelLight Gray Elongate MassivelLight Gray Elongate Massive|Light Gray Elongate Massive
NUMBER 39 40 40 40
LINE 175 176 177 178
REL. LINE 3 1 2 3
PHASE Impure Quartz? Impure Quartz? Impure Quartz? Impure Quartz?
Si02 73.749 72.392 72.713 75.318
Tio2 0.822 1.325 1.301 1.498
Al203 0.039 0.095 0.091 0.093
Cr203 0.009 0.001 0.020 0.000
" FeO 0.204 1.228 1.005 1.193
_;L NiO 0.003 0.000 0.000 0.000
E MnO 0.000 0.000 0.015 0.013
< MgO 0.201 1.482 1.452 1.825
% Cal 0.029 0.213 0.220 0.210
- Na20 0.007 0.011 0.011 0.021
K20 0.004 0.010 0.007 0.008
SO3 0.530 0.694 0.764 0.664
Cl 0.548 0.222 0.200 0.174
TOTAL 76.146 77.674 77.798 81.018
Si_FORMULA 0.980 0.953 0.953 0.950
LD" Ti_FORMULA 0.008 0.013 0.013 0.014
E Al_FORMULA 0.001 0.001 0.001 0.001
"rc\—)l Cr_FORMULA 0.000 0.000 0.000 0.000
< Fe2+_ FORMULA 0.002 0.014 0.011 0.013
T % Ni_FORMULA 0.000 0.000 0.000 0.000
é g Mn_FORMULA 0.000 0.000 0.000 0.000
> O Mg FORMULA 0.004 0.029 0.028 0.034
g Ca_FORMULA 0.000 0.003 0.003 0.003
Lg Na_FORMULA 0.000 0.000 0.000 0.001
-g K_FORMULA 0.000 0.000 0.000 0.000
by S_Formula 0.005 0.007 0.008 0.006
Cl_Formula 0.012 0.005 0.004 0.004
Method Per Klein and Hurlbut, 1999 |Per Klein and Hurlbut, 1999|Per Klein and Hurlbut, 1999|Per Klein and Hurlbut, 1999
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A4-28

2-Stage Leach Bad Analyses

SAMPLE ML-77_Augite ML-77_Augite ML-77_Augite SAMPLE ML-77_Clay unknown|ML-78_Clay unknown| ML-77_Augite-light
Light Gray Massive . . . . . . . . .
DESCRIPTION Elongate Light Gray Splintery | Light Gray Splintery DESCRIPTION Medium Gray Wispy | Medium Gray Platy? | Light Gray Massive
NUMBER 15 19 19 NUMBER 25 33 17
LINE 103 113 115 LINE 132 155 108
REL. LINE 3 1 3 REL. LINE 2 1 2
Magnesio- No Amphibole - Bad Magnesio- ) Unidentified Fe-Mg- |  Enstatite? - Bad
PHASE Hornblende - Bad R Hornhlende - Bad PHASE Imogolite? . .
. Analysis? i Al-Silicate Analysis?
Analysis? Analysis?
$i02 26.5006 55.8551 40.8921 Si02 25.8773 26.5059 34.3373
TiO2 0.79307 3.45421 0.911231 Tio2 0.518987 0.104001 1.20378
Al203 0.50362 0.880441 1.16744 Al203 45.6153 23.283 0.605628
Cr203 0 0.01152 0 Cr203 0 0.213861 0
" FeO 5.15396 3.29135 3.57254 FeOQ 0.26193 5.28113 2.82814
g. NiO 0.035014 0.002859 0.05508 NiO 0 0.097742 0.022837
g MnO 0.040375 0.0525 0.052748 MnO 0 0.017313 0.055741
< MgO 11.4363 13.6074 16.7972 MgO 0.245458 28.6748 16.9487
= Ca0 6.65388 6.94221 9.54866 CaO 0.585252 0.027216 934905
- Na20 0.300056 0.271237 0413646 Naz0o 0.134907 0.005105 0.280033
K20 0.01322 0.02732 0.027563 K20 0.047727 0 0.019303
503 0.17894 0 0.308329 503 0.674669 0 0
Cl 0.609934 0.156475 0.247276 Cl 0.197349 0 0.40128
TOTAL 52.2189 84.5527 73.9938 TOTAL 74.1589 84.2101 66.0517
2-Stage Leach Bad Analyses
SAMPLE ML-77_Augite-light |ML-77_Clay unknown|ML-77_Clay unknown|ML-77_Clay unknown|ML-77 Clay unknown|ML-77_Clay unknown|ML-77_Clay unknown
. . . . Medium Gray Medium Gray Medium Gray ) . . .
DESCRIPTION Light Gray Massive | Medium Gray Wispy . . . Medium Gray Wispy | Medium Gray Wispy
Massive Massive Massive
NUMBER 17 25 24 24 24 25 25
LINE 109 132 128 129 130 131 133
REL. LINE 3 2 1 2 3 1 3
PHASE Dlo‘g:]l;ilzzi;?Bad Imogolite? Bad Analysis Bad Analysis? Bad Analysis? Bad Analysis Bad Analysis?
Si02 21.2285 25.877 21.0896 31.1432 12.0021 27.1459 15.4058
TiO2 4.85785 0.519 1.00163 4.89491 0.763784 1.75211 1.0741
Al203 0.341353 45615 20.3461 30.3756 49.4739 10.2234 49.0775
Cr203 0 0.000 0 0 0 0.015814 0
" FeO 2.44868 0.262 0.319823 0.475974 0.23941 1.10925 0.336191
g. NiO 0 0.000 0 0.010437 0 0 0.024625
5 MnO 0.052821 0.000 0.018362 0.007585 0.000564 0.010528 0.009364
< MgO 8.00972 0.245 0.392466 1.12467 0.194503 0423283 0.192088
= Ca0 7.10031 0.585 0.340806 0413721 0.265146 1.30655 0482637
- Na20 0.053453 0.135 0.119345 0.15595 0.121649 0.067038 0.079661
K20 0.016035 0.048 0.036897 0.039752 0.040862 0.026915 0.064426
503 0.716275 0.675 0.628866 0.868183 0.570986 1.12994 0.505659
Cl 0.558374 0.197 0.500737 0.386948 0.369467 0.401657 0.313483
TOTAL 45.3833 74.159 44,7945 69.8969 64.0424 43.6123 67.5654
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A4-29

2-Stage Leach Feldspars

SAMPLE ML-77_Clay unknown ML-77_Clay unknown ML-77_Clay unknown
DESCRIPTION |Medium Gray Massive ConchoidallMedium Gray Massive ConchoidallMedium Gray Massive Conchoidal
NUMBER 23 23 23
LINE 125 126 127
REL. LINE 1 2 3
PHASE Plagioclase Feldspar Plagioclase Feldspar Plagioclase Feldspar

Sio2 51.620 55.572 56.113
TiO2 0.363 0.278 0.265
Al203 24.298 26.327 26.439
Cr203 0.000 0.001 0.025
" FeO 0.128 0.079 0.060
g NiO 0.000 0.010 0.013
g MnQO 0.000 0.024 0.013
< MgO 0.090 0.002 0.004
% Ca0 7.233 7.733 7.716
- Na20 6.910 7.058 7.044
K20 0.068 0.072 0.078
S03 0.088 0.149 0.136
Cl 0.187 0.000 0.000
TOTAL 90.986 97.305 97.906
Si_ FORMULA 2.554 2.559 2.566
z Ti_FORMULA 0.014 0.010 0.009
£ Al_FORMULA 1.417 1.429 1.425
2 Cr_FORMULA 0.000 0.000 0.001
°§ Fe(ii)_FORMULA 0.005 0.003 0.002
b g Ni_FORMU LA 0.000 0.000 0.000
@ 0 Mn_FORMULA 0.000 0.001 0.001
g. 5 Mg_FORMULA 0.007 0.000 0.000
T Ca_FORMULA 0.383 0.382 0.378
_E Na_FORMULA 0.663 0.630 0.625
% K_FORMULA 0.004 0.004 0.005
in S_Formula 0.003 0.005 0.005
Cl_Formula 0.016 0.000 0.000

Method

Per Klein and Hurlbut, 1999

Per Klein and Hurlbut, 1999

Per Klein and Hurlbut, 1999
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2-Stage Leach Rutile

SAMPLE ML-77_Rutile-core | ML-77_Rutile-core | ML-77_Rutile-core | ML-77_Rutile-rim | ML-77_Rutile-rim | ML-77_Rutile-rim
DESCRIPTION | Light Gray Blocky | Light Gray Blocky | Light Gray Blocky | Light Gray Blocky | Light Gray Blocky | Light Gray Blocky
NUMBER 9 9 9 10 10 10
LINE 83 34 85 86 87 38
REL. LINE 1 2 3 1 2 3
PHASE Rutile Rutile Rutile Rutile Rutile Rutile
Sio2 1.139 1.293 2.232 5.904 5.717 0.911
TiO2 86.908 86.921 83.463 71.066 75.236 89.432
Al203 0.029 0.143 0.1 0.302 0.612 0
- V203 0.658 0.606 0.494 0.535 0.592 0.651
o Cr203 0.067 0.059 0.058 0.033 0 0.045
E FeO 0.633 0.694 1.04 1.801 3.127 0.632
< NiO 0 0.006 0 0 0 0.019
= MnO 0.02 0 0.016 0.018 0.002 0
= MgO 1.275 1.72 2.012 1.686 1.74 1.459
S03 0.893 0.955 1.118 1.246 1131 1.018
cl 0.315 0.25 0.421 0.717 0.662 0.187
TOTAL 91.937 92.647 90.954 83.309 88.82 94.353
2 Si FORMULA 0.016 0.019 0.033 0.093 0.085 0.013
£ Ti FORMULA 0.945 0.936 0.915 0.843 0.844 0.946
L Al FORMULA 0 0.002 0.002 0.006 0.011 0
r; V FORMULA 0.008 0.007 0.006 0.007 0.007 0.007
§ % Cr FORMULA 0.001 0.001 0.001 0 0 0.001
v 2 | Fe FORMULA 0.008 0.008 0.013 0.024 0.039 0.007
_;. 8 Ni FORMULA 0 0 0 0 0 0
o Mn FORMULA 0 0 0 0 0 0
.E Mg FORMULA 0.027 0.037 0.044 0.04 0.039 0.031
%’ S FORMULA 0.01 0.01 0.012 0.015 0.013 0.011
A Cl FORMULA 0.008 0.006 0.01 0.019 0.017 0.004
Gabbrosoft, 2011, | Gabbrosoft, 2011, | Gabbrosoft, 2011, | Gabbrosoft, 2011, | Gabbrosoft, 2011, | Gabbrosoft, 2011,
Method RUTCALC.xls RUTCALCxls RUTCALC.xls RUTCALC.xls RUTCALC xls RUTCALC.xls
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A4-31

2-Stage Leach Rutile

SAMPLE ML-77_Rutile ML-77_Rutile ML-77_Rutile ML-78_Rutile-core | ML-78_Rutile-core | ML-78_Rutile-core
DESCRIPTION |Light Gray Vesicular|Light Gray Vesicular| Light Gray Vesicular|Light Gray Vesicular|Light Gray Vesicular| Light Gray Vesicular
NUMBER 11 11 11 26 26 26
LINE 89 90 91 134 135 136
REL. LINE 1 2 3 1 2 3
PHASE Rutile Rutile Rutile Rutile Rutile Rutile
Sio2 1.144 2.309 0.79 2.068 2.429 1.849
Tio2 80.228 84.046 90.28 89.309 84.526 89.835
Al203 0.179 0.362 0.081 0.11 0.138 0.12
" V203 0.898 0.822 1.035 1.259 1.092 1.239
B Cr203 0.08 0.172 0.058 0.138 0.066 0.056
g FeO 0.822 0.895 0.719 0.415 0.485 0.409
< NiO 0 0.036 0.063 0 0 0.022
= MnO 0 0.015 0 0.004 0.006 0
- MgO 0.974 1.23 1.016 0.098 0.13 0.085
SO3 2.024 1.609 1.199 1.81 2.02 1.681
Cl 0.142 0.067 0.038 0 0.068 0
TOTAL 86.492 91.563 95.278 95.212 90.959 95.296
o Si FORMULA 0.017 0.033 0.011 0.029 0.035 0.026
£ Ti FORMULA 0.92 0.909 0.945 0.927 0.916 0.933
L Al FORMULA 0.003 0.006 0.001 0.002 0.002 0.002
(s\:l V FORMULA 0.011 0.009 0.012 0.014 0.013 0.014
% % Cr FORMULA 0.001 0.002 0.001 0.002 0.001 0.001
o % | Fe FORMULA 0.01 0.011 0.008 0.005 0.006 0.005
'; 8 Ni FORMULA 0 0 0.001 0 0 0
g Mn FORMULA 0 0 0 0 0 0
L Mg FORMULA 0.022 0.026 0.021 0.002 0.003 0.002
.'FBJ S FORMULA 0.023 0.017 0.013 0.019 0.022 0.017
b Cl FORMULA 0.004 0.002 0.001 0 0.002 0
Gabbrosoft, 2011, | Gabbrosoft, 2011, | Gabbrosoft, 2011, | Gabbrosolt, 2011, | Gabbrosoft, 2011, | Gabbrosoft, 2011,
Method RUTCALC.xls RUTCALC.xls RUTCALC.xls RUTCALC.xls RUTCALC.xls RUTCALC.xls
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2-Stage Leach Rutile

SAMPLE ML-78 Rutile-rim | ML-78_ Rutile-rim | ML-78_ Rutile-rim | ML-78_Rutile-core | ML-78_Rutile-core | ML-78_Rutile-core
DESCRIPTION ]Light Gray Vesicular|Light Gray Vesicular|Light Gray Vesicular| Light Gray Blocky | Light Gray Blocky | Light Gray Blocky
NUMBER 27 27 27 28 28 28
LINE 137 138 139 140 141 142
REL. LINE 1 2 3 1 2 3
PHASE Rutile Rutile Rutile Rutile Rutile Rutile
Si02 2.769 4,622 2291 1.699 1.431 1.219
TiO2 84.56 86.969 86.516 91.172 91.173 91.822
Al203 0.082 0.165 0.211 0.047 0.088 0.142
" V203 1.432 1.251 1321 0.888 0.992 0.969
£ Cr203 0.076 0.072 0.089 0.038 0.079 0.124
E FeO 0.397 0.4 0.384 0.336 0.353 0.333
<t NiO 0 0.022 0 0 0 0.016
% MnO 0 0 0.001 0.015 0.007 0
= MgO 0.083 0.103 0.105 0.146 0.259 0.462
S0O3 1.479 1.633 1.719 1.376 1.459 1.541
Cl 0.112 0.01 0.033 0.056 0.075 0
TOTAL 90.991 95,249 92.67 95.773 95,917 96.628
£ Si FORMULA 0.04 0.063 0.032 0.023 0.02 0.017
3 Ti FORMULA 0.919 0.895 0.922 0.944 0.943 0.942
L Al FORMULA 0.001 0.003 0.004 0.001 0.001 0.002
E V FORMULA 0.017 0.014 0.015 0.01 0.011 0.011
o % Cr FORMULA 0.001 0.001 0.001 0 0.001 0.001
_,g o0 | Fe FORMULA 0.005 0.005 0.005 0.004 0.004 0.004
> ) Ni FORMULA 0 0 0 0 0 0
40E'3 Mn FORMULA 0 0 0 0 0 0
L Mg FORMULA 0.002 0.002 0.002 0.003 0.005 0.009
':—_SJ S FORMULA 0.016 0.017 0.018 0.014 0.015 0.016
A Cl FORMULA 0.003 0 0.001 0.001 0.002 0
Gabbrosoft, 2011, | Gabbrosoft, 2011, | Gabbrosoft, 2011, | Gabbrosoft, 2011, | Gabbrosoft, 2011, | Gabbrosoft, 2011,
Method RUTCALC.xls RUTCALC.xls RUTCALC.xls RUTCALC.xls RUTCALC.xls RUTCALC.xls
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A4-33

2-Stage Leach Rutile

SAMPLE ML-78_Rutile-core | ML-78_Rutile-core
Light Medium Gray|Light Medium Gray
DESCRIPTION Massive Massive
NUMBER 29 29
LINE 143 144
REL. LINE 1 2
PHASE Rutile Rutile
Sio2 3.331 1.768
Tio2 80.603 91.504
Al203 0.098 0.02
" V203 0.672 0.532
A Cr203 0.062 0.063
E FeO 0.574 0.485
< NiO 0.003 0
S MnO 0 0
= MgO 0.123 0.088
S0O3 2.681 2.446
Cl 0.031 0.009
TOTAL 88.177 96.914
= Si FORMULA 0.049 0.024
£ Ti FORMULA 0.894 0.93
L Al FORMULA 0.002 0
r:\:I V FORMULA 0.008 0.006
-qu 5 Cr FORMULA 0.001 0.001
_‘é @ | Fe FORMULA 0.007 0.005
> & | Ni FORMULA 0 0
T Mn FORMULA 0 0
_E Mg FORMULA 0.003 0.002
'-Fé S FORMULA 0.03 0.025
A Cl FORMULA 0.001 0
Gabbrosoft, 2011, | Gabbrosoft, 2011,
Method RUTCALC.xls RUTCALC.xls
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2-Stage Leach Rutile Anomalous Analytical Totals

SAMPLE ML-77_Rutile ML-77_Rutile ML-77_Rutile ML-78_Rutile-core
Light Medium Gray
DESCRIPTION | Light Gray Elongate | Light Gray Elongate | Light Gray Elongate Massive
NUMBER 8 8 8 29
LINE 80 81 82 145
REL. LINE 1 2 3 3
PHASE Rutile Rutile Rutile Rutile
Sio2 1.021 1.416 2.624 4,178
TiOo2 97.117 27.665 64.785 71.523
Al203 0.098 0.231 0.354 0.09
" V203 0.553 0.439 0.366 0.726
2L Cr203 0.089 0 0.015 0.029
E FeO 0.644 0.846 1.233 0.654
< NiO 0.024 0.009 0 0.029
= MnO 0.007 0.017 0.042 0.005
- MgO 1.879 0.879 1.873 0.181
S03 1.739 0.753 1.924 2.444
Cl 0.17 0.922 0.662 0.199
TOTAL 103.34 33.178 73.878 80.058
= Si FORMULA 0.013 0.058 0.047 0.068
£ Ti FORMULA 0.934 0.847 0.87 0.872
L Al FORMULA 0.001 0.011 0.007 0.002
< V FORMULA 0.006 0.014 0.005 0.009
-c% % Cr FORMULA 0.001 0 0 0
_'E w0 | Fe FORMULA 0.007 0.029 0.018 0.009
> 3 Ni FORMULA 0 0 0 0
© Mn FORMULA 0 0.001 0.001 0
é Mg FORMULA 0.036 0.053 0.05 0.004
2 S FORMULA 0.017 0.023 0.026 0.03
o Cl FORMULA 0.004 0.064 0.02 0.005
Gabbrosoft, 2011, Gabbrosoft, 2011, Gabbrosoft, 2011, Gabbrosoft, 2011,
METHOD RUTCALC.xls RUTCALC.xls RUTCALC.xIs RUTCALC.xls
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Bulk Sample Amphiboles

AMPHNAMES.xIs

AMPHNAMES.xIs

AMPHNAMES.xls

SAMPLE 3765-5 olivine? 3768-2 tremolite? 3768-2 tremolite? 3768-2 tremolite?
Description Hornblende? Tremolite? Tremolite? Tremcolite?
NUMBER 17 44 44 44
LINE 220 2383 289 290
REL. LINE 1 1 2 3
PHASE Pargasite Magnesio-Riebekite Magnesio-Riebekite Magnesio-Riebekite
CLASSIFICATION Leake et al. 1997 Leake et al. 1997 Leake et al. 1997 Leake et al. 1957
Sio2 42.643 28.673 28.687 28.632
Tio2 1.755 0.07 0.066 0.083
Al203 12.044 19.551 20.579 20.516
Cr203 0.155 0.113 0.095 0.084
2 FeOQ 10.479 9.536 9.081 8.791
%’ NiO 0.081 0.107 0.12 0.095
z MnO 0.166 0.06 0.045 0.023
= MgO 14.699 27.607 27.666 27.614
E Ca0 11.482 0.021 0.007 0.017
Naz20 2.482 0.004 0.001 0
K20 0.368 0.003 0.001 0.004
Cl 0.063 0 0 0
TOTAL 96.416 85.744 86.348 85.86
Si_FORMULA 6.310 4.252 4.217 4.228
'—:,“ Ti_FORMULA 0.195 0.008 0.007 0.009
g Al_FORMULA 2.100 3.417 3.565 3.571
; Cr_FORMULA 0.018 0.013 0.011 0.010
~ Feliii)_Formula 0.000 1.183 1.116 1.086
_g P Fe(ii)_formula 1.287 0.000 0.000 0.000
% g’;q Ni_FORMULA 0.010 0.014 0.016 0.012
‘g_ o Mn_FORMULA 0.021 0.008 0.006 0.003
o Mg_FORMULA 3.243 6.104 6.063 6.080
_g Ca_FORMULA 1.820 0.003 0.001 0.003
5 Na_FORMULA 0.712 0.001 0.000 0.000
g K_FORMULA 0.069 0.001 0.000 0.001
Cl_FORMULA -0.016 0.000 0.000 0.000
Gabbrosoft.com Gabbrosoft.com Gabbrosoft.com Gabbrosoft.com
Method AMPH15.xls and AMPH15.xls and AMPH15.xls and AMPH15.xls and

AMPHNAMES.xls
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Bulk Sample Chlorite

SAMPLE 3766-2 silicatel 3766-2 silicatel 3766-2 slicatel
De scription Chlorite after olivine JChlorite after olivine ?JChlorite after olivine )
NUMBER 32 32 32
LINE 243 244 245
REL. LINE 1 2 3
PHASE Clinochlore Clinochlore Clinochlore
5102 40.213 40.607 40.137
TiO2 0.007 0.015 0.005
Al203 0.381 0.526 0.386
Cr203 0.029 0.01 0
- FeO 7.205 7.627 6.851
E NiO 0.207 0.285 0.211
2 MnO 0.01 0.013 0.042
g MgO 35.06 33.859 34.988
= Ca0o 0.033 0.035 0.031
- Na20 0 0.014 0.006
K20 0.007 0.003 0.006
Cl 0.071 0.057 0.021
TOTAL 83.223 83.049 82.682
OHJ(apfu) 7.9879 7.9902 7.9964
[Si 4.0314 4.0804 4.0397
B 0 0 0
Al(IV) 0 0 0
Total]Tetrahedral 4.0314 4.0804 4.0397
TAI[VI) 0.045 0.0623 0.0458
Ti 0.0005 0.0011 0.0004
\ 0 0 0
Cr 0.0023 0.0008 0
2 Mn3+ 0 0 0
g’g Fe3r 0 0 0
=) Fe2+ 0.6041 0.6409 0.5766
L:u Mn 0.0008 0.0011 0.0026
E Ni 0.0167 0.023 0.0171
“:‘ Co 0 0 0
c n 0 [} [}
= tu 0 0 0
z Mg 5.2397 5.072 5.2496
'; Total]Octahedral 5.9091 5.8013 5.8931
@ [Octahedral vacant] 0.0909 0.1987 0.1069
E [Ca 0.0035 0.0038 0.0033
b Ba 0 0 0
& Na 0 0.0027 0.0012
K 0.0009 0.0004 0.0008
Rb 0 0 0
Cs 0 [} [}
Li 0 0 0
Total] 0.0044 0.0069 0.0053
[OH 7.9879 7.9902 7.9964
F 0 [} [}
Cl 0.0121 0.0098 0.0026
v o [Species{Zane and Weiss, 1998])] Mg chlorite Mg chlorite Mg chlorite
-’g = |[Species|Wiewiora and Weiss, 1990)] Clinochlore Clinochlore Clinochlore
S ;,.’_ [Species{Bayliss, 1975])] Cinochlore Clinochlore Clinochlore
[Species(This study])] Clinochlore Clinochlore Clinochlore

Method

Yavuz etal 2015

Yavuz et al 2015

Yavuz et al 2015
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Bulk Sample limenite
SAMPLE 3765-2 3765-2 3765-2 37653 37653 37653 37653
Description limenite-Massive limenite-Massive limenite-Massive limenite-Inclusion-Hematite? | limenite - No Inclusions | llmenite-Inclusion-Hematite? | llmenite - No Inclusions

NUMBER 6 6 6 8 9 10 11

LINE 202 203 204 207 208 209 210

REL. LINE 1 2 3 1 1 1 1
PHASE limenite limenite limenite limenite lIme nite limenite limenite

Si02 0.000 0.000 0.017 0.009 0.000 0.005 0.003
- TiO2 48.704 49.161 49.060 50.077 49.802 48.602 49.340
g Nb205 0.000 0.000 0.000 0.000 0.000 0.000 0.000
g Al203 0.024 0.037 0.061 0.014 0.070 0.041 0.074
< FeQ 45.940 45.622 45.532 45.222 45.347 44481 46.828
= MnO 0.405 0.396 0.382 0.442 0.394 0.390 0.525
- MgO 3.179 3.166 3.186 3.163 3.114 3.276 2.238
Ca0 0.000 0.000 0.000 0.000 0.000 0.000 0.000
V203 0.383 0.365 0.376 0.321 0.308 0315 0.338

Cr203 0.094 0.092 0.119 0.070 0.107 0.103 0.083

NiO 0.028 0.070 0.039 0.019 0.056 0.000 0.013
Cl 0.000 0.000 0.000 0.000 0.000 0.067 0.000
TOTAL 98.758 98.910 98.772 99.337 99.198 97.281 99.441

= Si02 0.000 0.000 0.017 0.009 0.000 0.005 0.003
Q‘i TiO2 48.704 49.161 49.060 50.077 49.802 48.602 49.340
é T Nb205 0.000 0.000 0.000 0.000 0.000 0.000 0.000
z 5] Al203 0.024 0.037 0.061 0.014 0.070 0.041 0.074
'§ Jc:; Fe203 10.647 9.737 9.854 8.200 8.547 9.106 9.084
-2 § FeQ 36.360 36.861 36.665 37.844 37.656 36.288 38.653
'E % MnO 0.405 0.396 0.382 0.442 0.394 0.390 0.525
< @ |Mgo 3.179 3.166 3.186 3.163 3.114 3.276 2.238
é E’ Ca0 0.000 0.000 0.000 0.000 0.000 0.000 0.000
: E V203 0.383 0.365 0.376 0.321 0.308 0315 0.338
% = |Cr203 0.094 0.092 0.119 0.070 0.107 0.103 0.083
= = |NiO 0.028 0.070 0.039 0.019 0.056 0.000 0.013
TE Cl 0.000 0.000 0.000 0.000 0.000 0.067 0.000
& TOTAL 99.319 99.358 99.225 99.748 99.584 97.707 99.916
62021 62032 62043 82071 92081 102091 112101
Si 0.000 0.000 0.001 0.000 0.000 0.000 0.000
Tf Ti 1.819 1.835 1.833 1.862 1.855 1.843 1.845
= Nb 0.000 0.000 0.000 0.000 0.000 0.000 0.000
; Al 0.001 0.002 0.004 0.001 0.004 0.002 0.004
E = Fe(iii) 0.398 0.364 0.368 0.305 0.319 0.345 0.340
= 9 [Feli) 1.510 1.530 1.523 1.564 1.559 1.530 1.607
% g Mn 0.017 0.017 0.016 0.018 0.017 0.017 0.022
g g Mg 0.235 0.234 0.236 0.233 0.230 0.246 0.166
E 2 |Ca 0.000 0.000 0.000 0.000 0.000 0.000 0.000
J=RRE ) 0.015 0.015 0.015 0.013 0.012 0.013 0.013
E Cr 0.004 0.004 0.005 0.003 0.004 0.004 0.003
E Ni 0.001 0.003 0.002 0.001 0.002 0.000 0.001
E Cl 0.000 0.000 0.000 0.000 0.000 0.006 0.000
TOTAL 3.981 3.982 3.980 3.985 3.984 3.983 3.983
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A4-38

Bulk Sample llmenite

SAMPLE 3765-4 3765-6 3765-6 3765-6 3765-5 3765-5 3765-5 3766-1
Description | llmenite - No Inclusions | limenite-Fresh | [Imenite-Fresh | llmenite-Fresh_Rim | limenite-Inclusions | llmenite-Inclusions | limenite-Inclusions | llme nite-Massive

NUMBER 11 18 18 18 28 28 28 29

LINE 211 221 222 223 232 233 234 235

REL. LINE 2 1 2 3 1 2 3 1
PHASE llme nite limenite limenite limenite liImenite llme nite limenite limenite

Si02 0.000 0.000 0.003 0.000 0.024 0.027 0.000 0.000
m Tio2 49.413 49386 49.858 49.940 49,583 55.031 50.008 49.632
g Nb20O5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
g Al203 0.056 0.019 0.032 0.038 0.031 0.061 0.033 0.054
E FeQ 46.611 45471 45.502 45397 45355 50.041 45.012 44.720
% MnO 0.523 0418 0425 0.443 0.414 0436 0472 0.351
= MgO 2.238 3.036 3.091 3.056 3.047 3432 3.052 3.827
Cao 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

V203 0.322 0.338 0.296 0.320 0.319 0.336 0317 0.347

Cr203 0.115 0.129 0.084 0.093 0.103 0.080 0.095 0.030

NiO 0.042 0.041 0.020 0.055 0.006 0.072 0.065 0.013

Cl 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
TOTAL 99.319 98.838 99311 99.343 98 882 109.516 99.053 98.975

- Si02 0.000 0.000 0.003 0.000 0.024 0.027 0.000 0.000
% TiO2 49.413 49386 49.858 49.940 49.583 55.031 50.008 49.632
] = Nb20O5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
= Al203 0.056 0.019 0.032 0.038 0.031 0.061 0.033 0.054
'§ dg; Fe203 8.818 9.141 8.539 8.402 8.657 9.180 7.925 9.265
-2 § FeOQ 38.675 37.245 37.818 37.837 37.565 41.780 37.881 36.382
'E- % MnO 0.523 0418 0.425 0.443 0.414 0436 0472 0.351
< \51 MgO 2.238 3.036 3.091 3.056 3.047 3432 3.052 3.827
g < Cao 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
E ; V203 0.322 0338 0.296 0.320 0.319 0.336 0317 0347
% % Cr203 0.115 0.129 0.084 0.093 0.103 0.080 0.095 0.030
= = NiO 0.042 0.041 0.020 0.055 0.006 0.072 0.065 0.013
TE Cl 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
& TOTAL 99.723 99.245 99.766 99.716 99.320 109.947 99.370 99.512
112112 182211 182222 182233 282321 2823332 282343 292351
Si 0.000 0.000 0.000 0.000 0.001 0.001 0.000 0.000
T‘f Ti 1.851 1.847 1.855 1.859 1.853 1.857 1.867 1.841
3 Nb 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
g Al 0.003 0.001 0.002 0.002 0.002 0.003 0.002 0.003
E T Fe(iii) 0.330 0342 0.318 0.313 0.324 0.310 0.296 0.344
=8 Fe(ii) 1.610 1.549 1.564 1.566 1.561 1.568 1.573 1.501
% %. Mn 0.022 0.018 0.018 0.019 0.017 0.017 0.020 0.015
g § Mg 0.166 0225 0.228 0.225 0.226 0.230 0226 0281
E % Ca 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
cw \ 0.013 0.013 0.012 0.013 0.013 0.012 0.013 0.014
E Cr 0.005 0.005 0.003 0.004 0.004 0.003 0.004 0.001
'g Ni 0.002 0.002 0.001 0.002 0.000 0.003 0.003 0.001
g Cl 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
TOTAL 3.983 3.981 3.985 3.984 3.983 3.985 3.984 3.985
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A4-39

Bulk Sample llmenite

SAMPLE 3766-1 3766-1 3766-1 3766-3 3766-3 3766-3 3766-3 3766-3
Description | limenite-Massive | llmenite-Massive | llmenite-Rim | [Imenite-Massive | limenite-Massive | limenite-Inclusion-Hematite? | limenite-Massive | Ilme nite-Massive

NUMBER 29 29 29 36 36 36 38 38

LINE 236 237 238 267 268 269 273 274

REL. LINE 2 3 4 1 2 3 1 2
PHASE limenite limenite limenite limenite limenite limenite limenite limenite

Si02 0.008 0.012 0.002 0.000 0.000 0.000 0.000 0.000
" TiO2 49814 49.839 49.883 49.312 49.628 49.756 49.996 50425
g. Nb20O5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
g Al203 0.048 0.041 0.063 0.050 0.044 0.275 0.046 0.057
= FeQ 44695 44363 44,557 44328 44357 43.997 44244 44 656
= MnO 0357 0383 0.395 0.410 0.376 0.372 0371 0.357
- Mg0 3.854 3.886 3.753 3.930 3.958 3.968 3.885 3.909
ca0o 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
V203 0352 0408 0.380 0.428 0.377 0.393 0405 0.348

Cr203 0.114 0.075 0.088 0.104 0.029 0.081 0.092 0.063
NiO 0.022 0.065 0.017 0.008 0.049 0.028 0.117 0.069
Cl 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
TOTAL 99.264 99.072 99.137 98.571 98.817 98.872 99,157 99.883
5 Si02 0.008 0.012 0.002 0.000 0.000 0.000 0.000 0.000
é TiO2 49814 49.839 49.883 49312 49.628 49.756 49996 50425
é = Nb20O5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Z 2 Al203 0.048 0.041 0.063 0.050 0.044 0.275 0.046 0.057
'§ dg Fe203 9.385 9.136 9.023 9.916 9.247 8.953 8.895 8.678
2 § FeO 36.250 36.142 36.438 35405 36.037 35941 36.240 36.847
E' % MnO 0357 0.383 0.395 0.410 0.376 0.372 0371 0.357
< L’J- MgOo 3.854 3.886 3.753 3.930 3.958 3.968 3.885 3.909
2 -t Ca0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
§ ; V203 0352 0408 0.380 0.428 0.377 0.393 0.405 0.348
g = Cr203 0.114 0.075 0.088 0.104 0.029 0.081 0.092 0.063
L:'} = NiO 0.022 0.065 0.017 0.008 0.049 0.028 0.117 0.069
TE Cl 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
& TOTAL 99.716 99.439 99.556 99.023 99.289 99.265 99.433 100.273
292362 292373 292384 362671 362682 362693 382731 382742
Si 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000
L: Ti 1.843 1.848 1.849 1.835 1.843 1.845 1.853 1.855
~ Nb 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
5 Al 0.003 0.002 0.004 0.003 0.003 0.016 0.003 0.003
E = Fe(iii) 0347 0.339 0.335 0.369 0.344 0.332 0330 0.319
=8 Felii) 1491 1.490 1.502 1465 1.488 1481 1494 1.507
% '35 Mn 0.015 0.016 0.016 0.017 0.016 0.016 0.016 0.015
g é Mg 0283 0.286 0.276 0.290 0.291 0.292 0.285 0.285
E 2 Ca 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
s \ 0.014 0.016 0.015 0.017 0.015 0.016 0.016 0.014
E Cr 0.004 0.003 0.003 0.004 0.001 0.003 0.004 0.002
E Ni 0.001 0.003 0.001 0.000 0.002 0.001 0.005 0.003
g Cl 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
TOTAL 3.982 3.981 3.982 3.979 3.984 3.981 3.980 3.984
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A4-40

Bulk Sample IImenite

SAMPLE 3766-3 3766-4 3766-4 37664 3768-3 3768-3 3768-3 3768-5
Description | Ilmenite-Massive | limenite-Massive | llmenite-Massive | Ilmenite-Massive | [Imenite-Massive| llmenite-Massive limenite-Massive llme nite-Massive

NUMBER 38 42 42 42 46 46 46 51

LINE 275 282 283 284 294 295 296 309

REL. LINE 3 1 2 3 1 2 3 1
PHASE limenite limenite limenite llmenite limenite limenite limenite llmenite

Si02 0.000 0.000 0.008 0.000 0.000 0.021 0.008 0.000
- TiO2 50.163 49.830 50.177 50.593 49.345 49,649 49.632 49.014
E. Nb205 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
E Al203 0.030 0.025 0.042 0.043 0.043 0.037 0.011 0.028
<t FeO 46.042 44.700 44.756 44.890 46.678 46911 46.595 46.343
E MnO 0.408 0.375 0.389 0398 0.579 0.604 0.627 0398
= Mgo 2.369 3.765 3.523 2.899 1.981 1.978 1.965 2.758
Ca0o 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

V203 0.299 0.324 0.284 0.203 0.336 0.335 0.298 0338

Cr203 0.050 0.071 0.072 0.054 0.105 0.069 0.089 0.086

NiOQ 0.023 0.037 0.055 0.052 0.055 0.051 0.051 0.035

cl 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
TOTAL 99.384 99.127 99.306 99.132 99.123 99.655 99.277 98.999

5 Si02 0.000 0.000 0.008 0.000 0.000 0.021 0.008 0.000
Q‘i TiO2 50.163 49.830 50.177 50.593 49.345 49.649 49.632 49.014
?1': = Nb205 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
= Al203 0.030 0.025 0.042 0.043 0.043 0.037 0.011 0.028
'§ ﬂg Fe203 7.291 9.007 8.123 6325 8.531 8.362 7.988 9.770
-2 § FeO 39.481 36.595 37.447 39.198 39.002 39386 39.407 37.551
E- % MnO 0.408 0.375 0.389 0398 0.579 0.604 0.627 0398
<o MgO 2.369 3.765 3.523 2.899 1.981 1.978 1.965 2.758
gy Ca0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
E ; V203 0.299 0.324 0.284 0.203 0.336 0.335 0.298 0338
% 2 Cr203 0.050 0.071 0.072 0.054 0.105 0.069 0.089 0.086
s = NiO 0.023 0.037 0.055 0.052 0.055 0.051 0.051 0.035
TE cl 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
& TOTAL 99.742 99.597 99.708 99457 99481 100.037 99.639 99.519
382753 422821 422832 422843 462941 462952 462963 513091
Si 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000

g Ti 1.877 1.848 1.862 1.891 1.856 1.857 1.865 1.833
< Nb 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
S Al 0.002 0.001 0.002 0.003 0.003 0.002 0.001 0.002
E 3 Fe(iii) 0273 0.334 0.301 0.236 0321 0.313 0.300 0.366
=35 Fe(ii) 1.642 1.509 1.545 1.629 1.631 1.638 1.646 1.561
%‘ %‘ Mn 0.017 0.016 0.016 0.017 0.025 0.025 0.027 0.017
g g Mg 0.176 0.277 0.259 0.215 0.148 0.147 0.146 0.204
E 2 Ca 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
e v 0.012 0.013 0.011 0.008 0.013 0.013 0.012 0.013
E Cr 0.002 0.003 0.003 0.002 0.004 0.003 0.004 0.003
€ Ni 0.001 0.001 0.002 0.002 0.002 0.002 0.002 0.001
é Cl 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
TOTAL 3.986 3.984 3.986 3.990 3.982 3.984 3.985 3.983
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Bulk Sample limenite
SAMPLE 3768-5 3768-5 3768-6 3768-6 3768-6 3769-1 3769-1 3769-1
Description lIme nite-Massive llmenite-Massive limenite-Massive lIme nite-Massive llmenite-Massive limenite-Massive lIme nite-Massive llmenite-Massive

NUMBER 51 51 53 53 53 54 54 54

LINE 310 311 315 316 317 318 319 320

REL. LINE 2 3 1 2 3 1 2 3
PHASE limenite limenite limenite limenite lImenite limenite limenite limenite
Si02 0.037 0.018 0.000 0.001 0.000 0.002 0.012 0.000
- Tio2 49.170 49.117 49.563 49.986 49.513 50.580 49.719 50.944
g Nb205 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
g Al203 0.058 0.022 0.023 0.033 0.056 0.050 0.049 0.039
s FeO 46.380 46.129 45988 45.755 45.575 44,394 44.778 43,785
= MnO 0357 0.408 0.408 0473 0.391 0.398 0420 0410
- MgO 2779 2.753 2.929 2.916 2.993 3.756 3.668 3.790
Cao 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
V203 0361 0383 0.312 0342 0.360 0.280 0352 0330
Cr203 0.125 0.048 0.032 0.023 0.082 0.051 0.074 0.015
NiO 0.057 0.056 0.001 0.048 0.039 0.000 0.016 0.044
Cl 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.006
TOTAL 99.326 98.934 99.2 56 99.578 99.009 99.511 99.087 99.365
- Si02 0.037 0.018 0.000 0.001 0.000 0.002 0.012 0.000
.g TiO2 49.170 49.117 49.563 49.986 49.513 50.580 49.719 50.944
ﬁ = Nb205 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
=S Al203 0.058 0.022 0.023 0.033 0.056 0.050 0.049 0.039
'§ z Fe203 9.802 9.433 8.923 8.358 8.934 7.719 9.143 6.810
2 § FeO 37.560 37641 37958 38.234 37.535 37.448 36.550 37.657
'E- % MnO 0357 0.408 0.408 0473 0.391 0.398 0420 0410
St RD‘ MgO 2779 2.753 2.929 2916 2.993 3.756 3.668 3.790
2 et Ca0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
E ; V203 0361 0.383 0.312 0.342 0.360 0.280 0352 0.330
% = Cr203 0.125 0.048 0.032 0.023 0.082 0.051 0.074 0.015
s = NiO 0.057 0.056 0.001 0.048 0.039 0.000 0.016 0.044
TE Cl 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.006
& TOTAL 99.764 99.391 99.805 100.001 99.423 99953 99.561 99.651
513102 513113 533151 533162 533173 543181 543192 543203
Si 0.002 0.001 0.000 0.000 0.000 0.000 0.001 0.000
Tf Ti 1.833 1.839 1.847 1.858 1.849 1.869 1.845 1.886
= Nb 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
S Al 0.003 0.001 0.001 0.002 0.003 0.003 0.003 0.002
E = Fe(iii) 0.366 0.353 0.333 0311 0.334 0.285 0339 0.252
=8 Fe(ii) 1.557 1.567 1.572 1.580 1.558 1.538 1.508 1.550
% % Mn 0.015 0.017 0.017 0.020 0.016 0.017 0.018 0.017
g é Mg 0.205 0.204 0.216 0.215 0.222 0.275 0.270 0.278
E 2 Ca 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
ew vV 0.014 0.015 0.012 0.014 0.014 0.011 0.014 0.013
E Cr 0.005 0.002 0.001 0.001 0.003 0.002 0.003 0.001
= Ni 0.002 0.002 0.000 0.002 0.002 0.000 0.001 0.002
é Cl 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001
TOTAL 3.981 3.983 3.986 3.986 3.982 3.987 3.983 3.986
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A4-42

Bulk Sample llmenite

SAMPLE 3769-2 3769-2 3769-2 3769-3 3769-3 3769-3 37694 3769-4
Description | llmenite-Massive limenite-Massive limenite-Massive lIme nite-Massive lImenite-Massive limenite-Massive lIme nite-Massive lImenite-Massive
NUMBER 55 55 55 57 57 57 61 61
LINE 321 322 323 327 328 329 339 340
REL. LINE 1 2 3 1 2 3 1 2
PHASE limenite IIme nite limenite limenite llme nite limenite limenite llmenite
Si02 0.000 0.088 0.107 0.000 0.025 0.000 0.000 0.000
" TiO2 49.973 50.289 49.702 49.352 48.803 50.720 49.267 49.640
E. Nb20O5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
g Al203 0.030 0.024 0.020 0.031 0.549 0.029 0.025 0.061
g FeQ 45.118 45.260 45.280 45.866 45.970 44.911 46.347 45,709
= MnO 0.388 0.390 0.424 0424 0433 0.461 0.466 0397
- MgO 3.283 3.267 3.330 2.754 3.228 2.899 2.706 3.009
Ca0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
V203 0.281 0.293 0.323 0.333 0.209 0.224 0.344 0324
Cr203 0.048 0.039 0.045 0.065 0.059 0.027 0.113 0.053
NiO 0.051 0.053 0.004 0.015 0.038 0.047 0.029 0.013
Cl 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
TOTAL 99.172 99.704 99.235 98.839 99.314 99318 99.297 99.205
kS Si02 0.000 0.088 0.107 0.000 0.025 0.000 0.000 0.000
Q—'_)‘ TiO2 49.973 50.289 49.702 49.352 48.803 50.720 49.267 49.640
ﬁ = Nb205 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
= Al203 0.030 0.024 0.020 0.031 0.549 0.029 0.025 0.061
'§ = Fe203 8.177 7.882 8.749 8.842 10.007 6.274 9.602 8.788
2 § FeO 37.760 38.167 37408 37.910 36.965 39.266 37.706 37.801
'E % MnO 0.388 0.390 0.424 0424 0433 0.461 0.466 0397
< @ MgO 3.283 3.267 3.330 2.754 3.228 2.899 2.706 3.009
g E’ Ca0o 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
; g V203 0.281 0.293 0.323 0.333 0.209 0.224 0.344 0324
% = Cr203 0.048 0.039 0.045 0.065 0.059 0.027 0.113 0.053
s = NiO 0.051 0.053 0.004 0.015 0.038 0.047 0.029 0.013
TE Cl 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
& TOTAL 99.611 100.108 99.739 99.311 100.010 99.648 99.772 99.695
553211 553222 553233 573271 573282 573293 613391 613402
Si 0.000 0.004 0.005 0.000 0.001 0.000 0.000 0.000
T‘f Ti 1.860 1.862 1.846 1.849 1.808 1.892 1.838 1.849
= Nb 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
g Al 0.002 0.001 0.001 0.002 0.032 0.002 0.001 0.004
E 3 Fe(iii) 0304 0.292 0.325 0331 0371 0.234 0358 0328
=8 Felii) 1.562 1.571 1.545 1.579 1.522 1.628 1.564 1.566
% % Mn 0.016 0.016 0.018 0.018 0.018 0.019 0.020 0.017
g _é Mg 0.242 0.240 0.245 0.205 0237 0.214 0.200 0222
E = Ca 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
o v vV 0.011 0.012 0.013 0.013 0.008 0.009 0.014 0.013
g Cr 0.002 0.002 0.002 0.003 0.002 0.001 0.004 0.002
-E Ni 0.002 0.002 0.000 0.001 0.002 0.002 0.001 0.001
é Cl 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
TOTAL 3.987 3.987 3.985 3.984 3.989 3.990 3.982 3.985
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A4-43

Bulk Sample limenite

SAMPLE 37694 3769-5 3769-5 3769-5
Description | [Imenite-Massive | llmenite-Massive | lImenite-Massive | IImenite-Massive

NUMBER 61 64 64 64

LINE 341 348 349 350

REL. LINE 3 1 2 3
PHASE limenite limenite limenite limenite

Si02 0.000 0.000 0.005 0.016
” Tio2 19446 49.967 49.804 49774
g Nb205 0.000 0.000 0.000 0.000
2 AlRO3 0.040 0.042 0.077 0.054
e FeO 46.117 44.836 45.170 45.140
% MnO 0463 0.365 0.342 0387
- MgO 2.761 3.480 3473 3438
Ca0o 0.000 0.000 0.000 0.000

V203 0315 0361 0.383 0.403

Cr203 0.074 0.042 0.069 0.101

NiO 0.062 0.049 0.050 0.000

Cl 0.000 0.000 0.000 0.000
TOTAL 99.278 99.142 99371 99.312

3 Si02 0.000 0.000 0.005 0.016
Q‘i Tio2 49 446 49.967 49.804 49774
5 -é- Nb205 0.000 0.000 0.000 0.000
; S Al203 0.040 0.042 0.077 0.054
g Fe203 9.057 8471 9.114 9,241
E 5 FeO 37.968 37.213 36.968 36.825
'E. % MnO 0463 0.365 0.342 0387
< O_ MgO 2.761 3.480 3473 3438
é g Ca0o 0.000 0.000 0.000 0.000
w % V203 0315 0361 0.383 0.403
E E Cr203 0.074 0.042 0.069 0.101
L:“ = NiO 0.062 0.049 0.050 0.000
TE Cl 0.000 0.000 0.000 0.000
£ TOTAL 99.734 99.539 99.782 99.734
613413 643481 643492 643503
Si 0.000 0.000 0.000 0.001
T"’j Ti 1.845 1.857 1.846 1.846
< Nb 0.000 0.000 0.000 0.000
g Al 0.002 0.002 0.004 0.003
% E Feliii) 0338 0.315 0.338 0343
=3 Fe(ii) 1.575 1.538 1.524 1.518
% % Mn 0.019 0.015 0.014 0.016
g é Mg 0204 0.256 0.255 0253
E ) Ca 0.000 0.000 0.000 0.000
JE v 0.013 0.014 0.015 0.016
:g Cr 0.003 0.002 0.003 0.004
€ Ni 0.002 0.002 0.002 0.000
é cl 0.000 0.000 0.000 0.000
TOTAL 3.985 3.984 3.982 3.980
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Ad4-44

Bulk Sample Magn etite

SAMPLE 3765-2 magnetite | 3765-2 magnetite | 3765 magnetite | 37654 magnetite | 3765-4 magnetite 3765 magnetite 3765-6 magnetite 3765-6 magnetite 3765-6 magnetite 3765-6 magnetite
Description Magnetite-Vein Magnetite Vein | Magnetite-Massive | Magnetite-Massive | MagnetiteRim | Magnetite-Text-Hematite? | MagnetiteMassive | Magnetite-Text-Hematite? | Magnetite-Text-Heratite? Magnetitev assive
NUMBER 7 7 12 13 13 13 18 21 21 22
LINE 205 206 212 213 214 215 224 225 226 227
REL. LINE 1 2 1 1 2 3 1 1 2 1
PHASE Nagnetite Magnetite Magnetite Magnetite Magnetite Magnetite Magnetite Nagnetite Magnetite Magnetite
- sio2 0.296 0.288 0.013 0.023 0.026 0.177 0.000 0.006 0.418 0.059
% TI02 2.621 1164 2.099 3.375 1.388 0.196 2.566 0.098 0.038 2.029
b Al203 0.033 0.000 0.441 1.058 0.050 0.023 1.977 0.032 0.081 0.451
= FeO 51.219 50.440 B86.017 83.197 B5.545 93.451 83.432 93.210 52.445 B7.369
E MO 0.105 0.830 0.063 0.112 0.056 0.000 0.116 0.000 0.015 0.065
MzO 0.064 0.382 0.380 0.607 0.320 0.007 0.659 0.015 0.035 0.302
V203 0.054 0.040 2415 2.480 2.213 0.033 2481 0.065 0.012 1.865
Cr203 0.000 0.007 2.423 2.412 2.593 0.019 2421 0.049 0.000 1.250
NIiO 0.000 0.012 0.078 0.200 0.108 0.004 0.161 0.000 0.025 0.120
d 0.007 0.000 0.000 0.035 0.019 0.037 0.000 0.000 0.000 0.022
TOTAL 54.399 93.164 53.925 53.501 52.317 53.988 93.822 53.478 53.080 53.411
Si02 0.296 0.288 0.013 0.023 0.026 0.177 0.000 0.006 0.418 0.058
& TiO2 2.621 1164 2.099 3.375 1.388 0.196 2.566 0.098 0.038 2.029
_s-aé Nb 205 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
':}-j Al203 0.033 0.000 0.441 1.058 0.050 0.023 1.977 0.032 0.091 0.491
= Fe203 63.700 66.062 59.574 55.501 60.330 68.727 56.659 68.877 67.728 61.187
% FeO 33.835 30.835 32.408 32.835 31.257 31.647 32.412 31.231 31.500 32.310
B £ MnOQ 0.105 0.830 0.0683 0.112 0.056 0.000 0.116 0.000 0.015 0.085
—: 8 MgO 0.064 0.382 0.380 0.607 0.320 0.007 0.659 0.015 0.035 0.302
z % Ca0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
g g V203 0.054 0.040 2.415 2.480 2.213 0.033 2481 0.065 0.012 1.665
w2 G203 0.000 0.007 2.423 2.412 2.593 0.019 2421 0.049 0.000 1.250
E 33 NiO 0.000 0.012 0.078 0.200 0.108 0.004 0.161 0.000 0.025 0.120
E S d 0.007 0.000 0.000 0.035 0.019 0.037 0.000 0.000 0.000 0.022
T E Zn0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
& é Total 100.778 99.781 59.835 59.095 98.358 100.871 95.501 100.376 599.863 98.535
n FORMULA 32 32 32 32 32 32 32 32 32 32
o % BASIS o] o] o] o] o] o] o) 9] o] o]
S 8 Si FORMULA 0.050 0.083 0.004 0.007 0.008 0.054 0.000 0.002 0.128 0.018
3= Ti FORMULA 0.600 0.265 0.482 0.776 0.325 0.045 0.585 0.023 0.008 0468
E g Nb FORMULA 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
<0 Al FORMULA 0.012 0.000 0.158 0.382 0.018 0.008 0.707 0.011 0.033 0.177
% Hg’ Fe3+ FORMULA 14.584 15.273 13.692 12.861 14.126 15.781 12.557 15.911 15.690 14.127
g E Fe2+ FORMULA B8.631 7.963 8.278 8.410 8.133 8.076 8.219 B8.018 8.110 8.290
e Mn FORMULA 0.027 0.216 0.016 0.028 0.015 0.000 0.030 0.000 0.005 0.017
B 2 Mg FORMULA 0.029 0.175 0.173 0.277 0.148 0.003 0.288 0.007 0.016 0.138
E g Ca FORMULA 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
E ‘E VFORMULA 0.013 0.010 0.581 0.608 0.552 0.008 0.606 0.017 0.003 0.410
o g Cr FORMULA 0.000 0.002 0.585 0.583 0.638 0.005 0.580 0.012 0.000 0.313
= 2 Ni FORMULA 0.000 0.003 0.015 0.045 0.027 0.001 0.039 0.000 0.006 0.030
3 Cl FORMULA 0.004 0.000 0.000 0.018 0.010 0.018 0.000 0.000 0.000 0.012
o FORMULA 4 4 4 4 4 4 4 4 4 4
E BASIS o] 8] [s] [s] o] [s] o] O 8] [s]
E Si FORMULA 0.011 0.011 0.001 0.001 0.001 0.007 0.000 0.000 0.016 0.002
"é T FORMULA 0.075 0.034 0.060 0.057 0.041 0.006 0.073 0.003 0.001 0.059
; Nb FORMULA 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
ﬁ Al FORMULA 0.001 0.000 0.020 0.048 0.002 0.001 0.088 0.001 0.004 0.022
;_ ‘n% Fe3+ FORMULA 1.824 1.505 1.712 1.608 1.766 1.973 1.617 1.989 1.961 1.766
T w Fe2+ FORMULA 1.079 0.585 1.035 1.051 1.017 1.008 1.027 1.002 1.014 1.036
E s Mn FORMULA 0.003 0.027 0.002 0.004 0.002 0.000 0.004 0.000 0.001 0.002
:E g FORMULA 0.004 0.022 0.022 0.035 0.019 0.000 0.037 0.001 0.002 0.017
g Ca FORMULA 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
= VFORMULA 0.002 0.001 0.074 0.076 0.0659 0.001 0.076 0.002 0.000 0.051
E Cr FORMULA 0.000 0.000 0.073 0.073 0.080 0.001 0.073 0.001 0.000 0.03%
¥ Ni FORMULA 0.000 0.000 0.002 0.006 0.003 0.000 0.005 0.000 0.001 0.004
= Cl FORMULA 0.000 0.000 0.000 0.002 0.001 0.002 0.000 0.000 0.000 0.001
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Bulk Sample Magnetite

SAMPLE 3766-1 magnetite | 5766-1 magnetite 3766-1 magnetite 3766-1 magnetite-v | 3766-5 magnetite-v | 3766-3 magnetite-v | 3766-3 magnetitev | 3766-1 magnetite 3766-4 magnetite 3766-1 magnetite 3766-4 magnetite-c
Description Magnetite-Massive | Magnetite-Massive | Magnetite-Text-Hematite? Magnetite-Veln Magnetite-Veln Magnetite-Veln Magnetite-Vein Magnetite-Massive Magnetite-Massive Magnetite-Massive Magnetite-Collaform?
NUMBER 30 30 30 31 37 37 37 40 40 40 41
LINE 239 240 241 242 270 271 272 277 278 279 280
REL. LINE 1 2 3 1 1 2 3 1 2 3 1
PHASE Magnetite Magnetite Magnetite Magnetite Magnetite WV agnetite Magnetite Magnetite Magnetite Magnetite Magnetite
- Si02 0.624 0.452 0.127 0.183 0.173 0.125 0.179 1.416 1.066 0.036 0.460
TT; TiO2 0.002 0.044 0.020 1.581 0.176 0.087 0.153 0.010 0.007 3.208 2.543
Z Al203 0.048 0.057 0.020 0.000 0.015 0.000 0.023 0.044 0.000 1.004 0.000
= FeO 51.518 52.428 92.980 103.346 91.551 91.421 90.727 91.743 92612 84.522 90.511
z MnQ 0.274 0.137 0.000 0.057 0.513 0.526 1.554 0.000 0.012 0.131 0.081
Mg 0.189 0.309 0.013 0.025 0.261 0.255 0.237 0.021 0.022 0.481 0.101
V203 0.004 0.001 0.011 0.022 0.019 0.010 0.013 0.011 0.005 2.483 0.014
Cr203 0.000 0.000 0.000 0.016 0.000 0.000 0.000 0.000 0.006 1.742 0.011
NiO 0.000 0.047 0.000 0.000 0.000 0.004 0.000 0.008 0.000 0.234 0.000
Cl 0.000 0.000 0.000 0.022 0.031 0.025 0.024 0.000 0.014 0.012 0.003
TOTAL 52.658 53.457 53.171 105.255 52.738 92,464 52.550 53.252 53.744 53.857 93.733
Si02 0.624 0.452 0.127 0.183 0.173 0.125 0.179 1416 1.066 0.036 0.460
& Ti02 0.002 0.044 0.020 1.584 0.176 0.057 0.153 0.010 0.007 3.208 2.543
.-1 Nb205 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
ﬁ Al203 0.046 0.037 0.020 0.000 0.015 0.000 0.023 0.044 0.000 1.004 0.000
; Fe203 67.125 68.143 68.637 74.225 6E.048 68.149 68.224 65.454 66.765 57.179 63.045
'§ FeQ 31116 31.110 31.216 36.555 30.318 30.097 29.336 32.844 32.530 33.069 33.776
aE MnQ 0.274 0.137 0.000 0.057 0.513 0.526 1.554 0.000 0.012 0.131 0.091
% 8 MgzO 0.183 0.308 0.013 0.025 0.261 0.255 0.237 0.021 0.022 0.481 0.101
= "?, Ca0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
= § V203 0.004 0.001 0.011 0.022 0.01% 0.010 0.013 0.011 0.005 2.483 0.014
E i; Cr203 0.000 0.000 0.000 0.016 0.000 0.000 0.000 0.000 0.008 1.742 0.011
g f)f NIO 0.000 0.047 0.000 0.000 0.000 0.004 0.000 0.008 0.000 0.234 0.000
E| S d 0.000 0.000 0.000 0.022 0.031 0.025 0.024 0.000 0.014 0.012 0.003
" CEL Zn0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
&2 Total 59.381 100.281 100.045 112.685 598.553 559285 99.783 55.808 100.431 59.584 100.047
2 FORMULA 32 32 32 32 32 32 32 32 32 32 32
o % BASIS o] o] o] 9] 9] 9] o] o] o] o] o]
S ° ST FORMULA 0.193 0.193 0.039 0.050 0.053 0.039 0.055 0434 0.326 0.011 0.141
5 = Ti FORMULA 0.001 0.010 0.005 0.325 0.041 0.023 0.035 0.002 0.002 0.736 0.586
E g MNb FORMULA 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
<0 Al FORMULA 0.017 0.013 0.007 0.000 0.005 0.000 0.008 0.016 0.000 0.361 0.000
g E Fe3+ FORMULA 15.596 15.690 15.503 15.241 15.802 15.875 15.807 15.108 15.343 13.118 14.540
g © Fe2+ FORMULA 8.034 7.960 8.038 8.342 7.824 7.791 7.554 8425 8.307 8431 8.656
% a in FORMULA 0.072 0.038 0.000 0.013 0.134 0.138 0.416 0.000 0.003 0.034 0.024
&79 fg Mg FORMULA 0.087 0.141 0.006 0.010 0.120 0.118 0.109 0.009 0.010 0.218 0.046
88 Ca FORMULA 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
E -3; VFORMULA 0.001 0.000 0.003 0.005 0.005 0.002 0.003 0.003 0.001 0.608 0.003
o § Cr FORMULA 0.000 0.000 0.000 0.004 0.000 0.000 0.000 0.000 0.002 0.420 0.003
= 2 Ni FORMULA, 0.000 0.012 0.000 0.000 0.000 0.001 0.000 0.002 0.000 0.057 0.000
& Cl FORMULA 0.000 0.000 0.000 0.010 0.016 0.013 0.013 0.000 0.007 0.006 0.001
a FORMULA 4 4 4 4 4 4 4 4 4 4 4
E BASIS 8] 8] 8] O O O [s] o] o] 8] 8]
B S FORMULA 0.024 0.024 0.005 0.008 0.007 0.005 0.007 0.054 0.041 0.001 0.018
"c’ Ti FORMULA 0.000 0.001 0.001 0.041 0.005 0.003 0.004 0.000 0.000 0.092 0.073
g Nk FORMULA 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
g Al FORMULA 0.002 0.002 0.001 0.000 0.001 0.000 0.001 0.002 0.000 0.045 0.000
2 Fe3+ FORMULA 1.550 1.961 1.988 1.505 1.575 1.984 1.576 1.B89 1.918 1.640 1.817
‘5 % Fe2+ FORMULA 1.004 0.585 1.005 1.043 0.978 0.974 0.944 1.053 1.038 1.054 1.082
g 8 in FORMULA 0.008 0.004 0.000 0.002 0.017 0.017 0.052 0.000 0.000 0.004 0.003
E Mg FORMULA 0.011 0.018 0.001 0.001 0.015 0.015 0.014 0.001 0.001 0.027 0.006
g Ca FORMULA 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
] VFORMULA 0.000 0.000 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.076 0.000
E Or FORMULA 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.052 0.000
& NI FORMULA 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.007 0.000
2 Cl FORMULA 0.000 0.000 0.000 0.001 0.002 0.002 0.002 0.000 0.001 0.001 0.000
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Bulk Sample Magnetite

SAMPLE 37664 magnetite-c 3768-1 magnetite 3768-1 magnetite 37681 magnetite | 37684 magnetite | 37684 magnetite | 37684 magnetite | 3768-5 maghetite 3768-5 magnetite 3768-5 magnetite
Description Magnetite-Collaform? Magnetite-Euhedral Magnetite-Euhedral | Magnetite-Euhedral | Magnetite-Vein Magnetite-Vein Magnetite-Vein Magnetite-Vein Magnetite-Vein Magnetite-Vein
NUMBER 41 43 43 43 50 50 50 52 52 52
LINE 281 285 286 287 306 307 308 312 313 314
REL. LINE 2 1 2 3 1 2 3 1 2 3
PHASE Maghetite Magnetite M agnetite Magnetite Magnetite Magnetite Maan etite Maghetite Magnetite Maghetite
-2 Si02 1.784 0.181 0.011 0.103 2.244 5.950 1.679 0.463 0.826 0.010
%‘ TIO2 0.405 0.457 0.434 0.433 0.006 0.013 0.001 0.23% 0.579 0.5968
£ A203 0.006 0.030 0.030 0.036 0.000 0.003 0.000 0.000 0.000 0.006
T FeO £9.376 52.401 92.046 51.832 90.392 84.077 91482 91.527 91.330 52,558
E MnO 0.057 0.047 0.006 0.065 0.057 0.115 0.079 0.399 0.275 0.026
Mz O 0.136 0.202 0,186 0.182 0.059 2.277 0.072 0.232 0,304 0.053
V203 0.025 0.088 0.080 0.065 0.006 0.011 0.010 0.021 0.020 0.035
Cr203 0.000 0.038 0.038 0.036 0.041 0.028 0.017 0.018 0.016 0.000
NIiO 0.006 0.142 0.031 0.126 0.010 0.055 0.000 0.025 0.010 0.000
cl 0.028 0.004 0,000 0.000 0.036 0.052 0.000 0.000 0.041 0.018
TOTAL 91823 93.589 92.852 92,878 92.850 92.582 93.340 592,923 93.401 93.712
Si02 1.784 0.181 0.011 0.103 2.244 5.950 1.679 0.463 0.826 0.010
& Tio2 0.405 0.457 0.434 0.433 0.006 0.013 0.001 0.23% 0.579 0.5968
_l-ué Nb205 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
r‘é Al203 0.006 0.030 0.030 0.036 0.000 0.003 0.000 0.000 0,000 0.008
; Fe203 62.772 67.876 67.812 67.600 63.148 54.924 64.544 67.281 66.093 67.392
"é FeO 32.851 31.323 31.026 31.003 33.568 34.654 33.042 30.985 31.857 31.956
o e MnO 0.057 0.047 0.006 0.065 0.057 0.115 0.079 0.35% 0.275 0.026
%‘ 8 MgO 0.136 0.202 0.186 0.182 0.059 2.277 0.072 0.232 0.304 0.053
é % a0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
g é V203 0.025 0.088 0.080 0.065 0.006 0.011 0.010 0.021 0.020 0.035
-] Cr203 0.000 0.038 0.038 0.036 0.041 0.028 0.017 0.018 0.016 0.000
g :,.D NiQ 0.006 0.142 0.031 0.126 0.010 0.055 0.000 0.025 0.010 0.000
3 S d 0.028 0.004 0.000 0.000 0.036 0.052 0.000 0.000 0.041 0.016
T E In0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
£ Total 98.109 100.387 99653 99.648 99.175 98.083 99.844 99.662 100.020 100.462
2 FORMULA 32 32 32 32 32 32 32 32 32 32
i %ﬁ BASIS 0 o] o o] o) o o) 0 o 0
g g ST FORMULA 0.555 0.555 0.003 0.003 0.690 1.787 0.514 0.142 0.253 0.003
5 =1 Ti FORMULA 0.095 0.105 0.101 0.101 0.001 0.003 0.000 0.055 0.133 0.223
E g Nb FORMULA 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0 Al FORMULA 0.002 0.011 0.011 0.013 0.000 0.001 0.000 0.000 0.000 0.002
g ‘g Fe3+ FORMULA 14.652 15.637 15.752 15.687 14.606 12.410 14.964 15.535 15.218 15.537
g = Fe2+ FORMULA £.555 £.019 £.009 £.000 £.628 8.701 E461 7.981 £.152 E.187
:{; ‘.@ M FORMULA 0.015 0.012 0.002 0.017 0.015 0.029 0.020 0.104 0.071 0.007
g T g FORMULA 0.083 0.092 0.086 0.084 0.027 1.020 0.033 0.106 0.139 0.024
& g Ca FORMULA 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
E u‘é VFCRMULA 0.006 0.022 0.020 0.016 0.001 0.003 0.002 0.005 0.005 0.008
o § Cr FORMULA 0.000 0.008 0.008 0.008 0.010 0.007 0.004 0.004 0.004 0.000
= Ni FORMULA 0.002 0.035 0.008 0.051 0.002 0.013 0.000 0.006 0,002 0.000
& O FORMULA 0.015 0.002 0,000 0.000 0.019 0.026 0.000 0.000 0.021 0.008
o FORMULA 4 4 4 4 4 4 4 4 4 4
E BASIS [s] o o] o O o] O [s] o] 8]
E Si FORMULA 0.068 0.069 0.000 0.000 0.086 0.223 0.064 0.018 0.032 0.000
Z’ Ti FORMULA 0.012 0.013 0.013 0.013 0.000 0.000 0.000 0.007 0.017 0.028
g Nb FORMULA 0.000 0.000 0,000 0.000 0.000 0.000 0.000 0.000 0,000 0.000
% Al FORMULA 0.000 0.001 0.001 0.002 0.000 0.000 0.000 0.000 0.000 0.000
=20 Fe3+ FORMULA 1.837 1.955 1.965 1.962 1.826 1.551 1.871 1.845 1.5902 1.542
‘E Sug} Fe2+ FORMULA 1.069 1.002 1.001 1.000 1.079 1.088 1.058 0.958 1.019 1.023
E 8 M FORMULA 0.002 0.002 0.000 0.002 0.002 0.004 0.003 0.013 0.008 0.001
E g FORMULA 0.008 0.012 0.011 0.010 0.003 0.127 0.004 0.013 0.017 0.003
g Ca FORMULA 0.000 0.000 0,000 0.000 0.000 0.000 0.000 0.000 0,000 0.000
8 VFORMULA 0.001 0.003 0.002 0.002 0.000 0.000 0.000 0.001 0.001 0.001
E Cr FORMULA 0.000 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.000 0.000
ki Ni FORMULA 0.000 0.004 0.001 0.004 0.000 0.002 0.000 0.001 0.000 0.000
= Cl FORMULA 0.002 0.000 0.000 0.000 0.002 0.003 0.000 0.000 0.003 0.001
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Bulk Sample Magnetite

3769-3 magnetite SAMPLE 3769-3 magnetite 3763-3 magnetite 37654 magnetite | 376594 magretite | 376594 magnetite
Magnet/te-Massive Description MagnetiteMassive Magnetite-Massive Magnetite-Vein Magnetite-Veln Magnetite-Vein
60 NUMBER 60 60 62 62 62
336 LINE 337 338 342 343 344
1 REL. LINE 2 3 1 2 3
Magnetite PHASE Magnetite Magnetite Magnetite Magnetite Magn etite
0.003 - Si02 0.026 0.199 0.837 1786 0.665
2.671 % TiO2 2.267 2.510 0.000 0.003 0.000
1.544 I Al203 0.701 1.533 0.003 0.000 0.000
84.044 g FeQ 85.888 84.7598 51.652 S0.818 o1.787
0.113 i} MnO 0.096 0.100 0.163 0.560 0.165
0.652 MgO 0.518 0.587 0.164 0.221 0.152
2312 V203 2.036 2.366 0.002 0.015 0.008
1.653 Cr203 1.535 1.635 0.011 0.012 0.019
0.175 NO 0.176 0.169 0.045 0.031 0.000
0.029 d 0.001 0.000 0.034 0.022 0.000
54.4596 TOTAL 93.243 93.857 52.711 93.458 92.837
0.003 Si02 0.026 0.199 0.637 1.786 0.665
2.671 & TIO2 2.267 2.510 0.000 0.003 0.000
0.000 "‘ij. Nb205 0.000 0.000 0.000 0.000 0.000
1.544 r‘é Al203 0.701 1.533 0.003 0.000 0.000
58.067 - Fe203 58.821 57.883 67.150 64.656 67.191
32.652 § FeQ 32.058 32.712 31.191 32.452 31.325
0.113 4 MnO 0.0596 0.100 0.163 0.560 0.165
0.652 % 8 MgO 0.518 0.587 0.164 0.221 0.192
0.000 é ‘tg Ca0 0.000 0.000 0.000 0.000 0.000
2312 g _g V203 2.036 2.366 0.002 0.015 0.008
1.653 g Cr203 1.535 1.635 0.011 0.012 0.018
0.175 E ;f NiQ 0.176 0.169 0.045 0.051 0.000
i
0.029 E g cl 0.001 0.000 0.034 0.022 0.000
0.000 T L Zn0 0.000 0.000 0.000 0.000 0.000
a
100.312 & D Total 55.234 55.654 55.440 55.557 55566
32 2 FORMULA 32 32 32 32 32
[ N % BASIS C 0 0 [ 0
0.001 g o Si FORMULA 0.008 0.061 0.156 0.545 0.205
.| L; Ti FORMULA 0.523 0.573 0.000 0.001 0.000
0.605 3
0.000 E E Nk FORMULA 0.000 0.000 0.000 0.000 0.000
0.690 0 Al FORMULA 0.253 0.548 0.001 0.000 0.000
13.148 g 2 Fe3+ FORMULA 13.811 13.217 15.603 14.502 15.583
8.227 g é’ Fe2+ FORMULA 8.225 8.301 8.049 8.281 8.074
0.029 % § M FORMULA 0.025 0.026 0.043 0.145 0.043
0.293 E = Mg FORMULA 0.237 0.266 0.075 0.101 0.088
&
0.000 o g Ca FORMULA 0.000 0.000 0.000 0.000 0.000
0.558 E %‘ WV FORMLULA 0.501 0.576 0.001 0.004 0.002
0.393 I § Cr FORMULA 0.572 0.392 0.003 0.003 0.005
0.042 =23 Ni FORMULA 0.043 0.041 0.011 0.008 0.000
o
0.015 0  FORMULA 0.000 0.000 0.018 0.012 0.000
4 w FORMULA 4 4 4 4 4
5] z BAYIS 5] 5] o 5] o
0.000 E Si FORMULA 0.001 0.008 0.025 0.068 0.026
0.076 "c’ Ti FORMULA 0.065 0.072 0.000 0.000 0.000
0.000 g Nk FORMULA 0.000 0.000 0.000 0.000 0.000
0.086 ﬁ Al FORMULA 0.032 0.069 0.000 0.000 0.000
1.644 g_ 2 Fe3+ FORMULA 1.726 1.652 1.850 1.863 1.848
1.028 i & Fe2+ FORMULA 1.028 1.038 1.006 1.035 1.008
0.004 g 8 NMn FORMULA 0.003 0.003 0.005 0.018 0.005
0.037 % Mg FORMU LA 0.030 0.033 0.008 0.013 0.011
Ee] g
0.000 g Ca FORMULA 0.000 0.000 0.000 0.000 0.000
0.070 8 V FORMULA 0.063 0.072 0.000 0.000 0.000
0.045 E Cr FORMULA 0.047 0.045 0.000 0.000 0.001
0.005 i Ni FORMULA 0.005 0.005 0.001 0.001 0.000
0.002 = Cl FORMULA 0.000 0.000 0.002 0.001 0.000
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Bulk Sample Micas

Biotite_Phlcgopite_Calc_PRO2.
X3

Biotite_Phlogopite_Calc_PRO2.
XLs

Biotite_Phlcgopite_Calc_PRO2.
X5

Biotite_Phlcgopite_Calc_PRO2.
XLS

Biotite_Phlogopite_Calc_PRO2.
X5

Biotite_Phlcgopite_Calc_PRO2.
XL3

SAMPLE 3768-2 phlogopite? 3768-3 phlogopite? 3768-3 phlogopite? 3765-5 biotite 3769-2 biotiteg 3769-2 biotiteg 3769-2 biotiteg
Description Phlogopite? Phlogopite? Phlogopite? Phlogopite? Biotite-green Bictite-green Biotite-green
NUMBER 47 47 47 16 56 56 56
LINE 297 298 289 219 224 325 326
REL. LINE 1 2 3 1 1 2 El
Phase Eastonitic Phlogopite Eastonitic Phlogopite Eastonitic Phlogopite Eastonitic Phlogopite
502 27.046 26.446 37.261 33.611 35.821 38184 42.866
Tio2 4.08 4.092 3.696 0.029 0.245 0.276 0.22
Al203 16.28 16.015 16.325 12.927 11.751 13.402 9.017
Cr203 0.07 0.085 0.085 0.037 0.136 0.175 0.094
o FeO 10.083 9.978 9.173 8.244 8.79 7.682 12.87
% NiD 0.073 0.058 0.081 0.11 0.119 0.152 0.065
é MnQ 0.045 0.043 0.039 0.012 0.181 0.179 0.066
£ MgO 18.296 18.746 19.055 30,257 25.418 26.337 29.196
E CaC 0.044 0.043 0.011 0.199 0.218 0.117 0.028
Na2C 1.567 1.483 1.565 0.027 0.402 0.907 0.047
K20 7.61 7.602 7.579 0.014 3.596 6.258 2.09
o] 0 0 0.023 0 0 0.004 0
TOTAL 95,285 94.591 94,884 85.568 89.148 98.457 87.221
” Si 5.281 2.924 5.407 5.186 5.571 5.534 5.972
3 Ti 0.446 3.247 0.403 0.003 0.029 0.041 0,023
? Al 2.787 2.032 2.792 2.250 2.154 2.289 1.480
g Cr 0.008 0.007 0.010 0.005 0.017 0.020 0.010
£ Fe(ii) 1.225 0.898 1.113 1.076 1.143 0.931 1.499
:D Ni 0.009 0.005 0.009 0.014 0.015 0.018 0.007
(E] Mn 0.006 0.004 0.005 0.002 0.024 0.022 0.008
'!3 Mg 3.982 2.009 4,122 6.959 5.893 5.6890 6.064
é Ca 0.007 0.005 0.002 0.023 0.052 0.018 0.004
Z Na 0.441 0.310 0.440 0.008 0.122 0.255 0.013
% K 1.410 1.044 1.4032 0.003 0.713 1.157 0,271
'% c 0.000 0.000 0.006 0.000 0.000 0.001 0.000
g F 0.000 0.000 0.000 0.000 0.000 0.000 0.000
TOTAL 15.702 14.486 15.707 15.638 15.733 15.975 15.452
o Si(IV) 5.281 3.924 5.407 5.186 5.571 5.534 5.972
o Al (IV) 2.619 2.032 2.593 2.350 2.154 2.289 1.480
% Total (V) 8.000
y
E Al (V) 0.168 0.000 0.199 0.000 0.000 0.000 0.000
f Tatal (Vi) 0.168 0.000 0.199 0.000 0.000 0.000 0.000
5
B Ti 0.446 3.247 0.4032 0.003 0.029 0.041 0.023
E Fa{ii) 1.225 0.898 1.1132 1.076 1.142 0.831 1.499
Fal Mn 0.008 0.004 0.005 0.002 0.024 0.022 0.008
E Mg 3.983 3.009 4122 6.959 5.893 5.690 6.064
E Ca 0.007 0.005 0.002 0.033 0.053 0.018 0.004
-% Na 0.441 0.210 0.440 0.008 0.122 0.255 0.013
f K 1.410 1.044 1.403 0.003 0.713 1.157 0.371
g 9] 0.000 0.000 0.006 0.000 0.000 0.001 0.000
g F 0.000 0.000 0.000 0.000 0.000 0.000 0.000
[% TOTAL 15.685 14.474 15.688 15.621 15.701 15.928 15.434
GabbroSoft 2011, Gabbrosoft 2011, GabbroSoft 2011, GabbroSoft 2011, GabbroSoft 2011, GabbroSoft 2011, GabbrosSoft 2011,
Method MICACALC.XLS Modified to MICACALC.XLS Modified to MICACALC.XLS Modified to MICACALC.XLS Modified to MICACALC.XLS Modified ta MICACALC.XLS Modified to MICACALC.XLS Modified to

Biotite_Phlogopite_Calc_PRO2.
XL5
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Bulk Sample QOlivine
Date 43670.000 43670.000 43670.000 43670.000 43670.000 43670.000 43670.000 43670.000
SAMPLE 3765-1 oll 3765-1¢ll 3765-1 oll 3765-5 olivine-f 3765-5 olivine-f 3768-4 olivine 3768-4 olivine 3768-4 olivine

Description Qlivine-Dark Olivine-Light Qlivine-Light Qlivine-Dark Olivine-Dark Olivine Olivine Olivine

NUMBER 5.000 5.000 5.000 14.000 15.000 48.000 48.000 48.000

LINE 199.000 200.000 201.000 216.000 218.000 300.000 301.000 302.000

REL. LINE 1.000 2.000 3.000 1.000 1.000 1.000 2.000 3.000

PHASE Bad Analysis Bad Analysis Bad Analysis Bad Analysis Olivine? Bad Analysis Qlivine Olivine

Sio2 41.909 82.788 41.777 110.969 55.359 39.711 37.058 37.150

- Tio2 0.022 0.051 0.036 0.233 0.102 0.017 0.015 0.003
g Al203 0.060 0.279 0.146 3.837 1.874 0.001 0.000 0.007
E Cr203 0.000 0.064 0.020 0.046 0.020 0.001 0.001 0.003
E FeOQ 13.326 35.162 8.370 10.084 4.903 32.903 30.775 30.760
= NiQ 0.159 0.378 0.142 0.091 0.000 0.107 0.085 0.132
- MnO 0.089 0.217 0.034 0.226 0.091 0.444 0.337 0.380
MgO 29.364 51.324 33.606 43.403 21.593 35.060 32.504 32.404

Ca0 0.325 0.815 0.224 25.075 12.647 0.045 0.042 0.048

Naz20 0.011 0.046 0.017 1.467 0.745 0.000 0.004 0.001
K20 0.006 0.019 0.009 0.056 0.019 0.000 0.000 0.006

Cl 0.074 0.383 0.109 0.000 0.007 0.000 0.000 0.000

TOTAL 85.345 171.526 84.491 195.487 97.360 108.290 100.822 100.894

Si FORMULA 1.201 1.208 1.180 1.345 1.346 0.994 0.997 0.998

< Ti FORMULA 0.000 0.001 0.001 0.002 0.002 0.000 0.000 0.000
5 Al FORMULA 0.002 0.005 0.005 0.055 0.054 0.000 0.000 0.000
§ Cr FORMULA 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000
a % Fe FORMULA 0.319 0.429 0.198 0.102 0.100 0.689 0.692 0.691
% S Ni FORMULA 0.004 0.004 0.003 0.001 0.000 0.002 0.002 0.003
g ‘_(3 Mn FORMULA 0.002 0.003 0.001 0.002 0.002 0.009 0.008 0.009
% E Mg FORMULA 1.255 1.116 1.416 0.784 0.783 1.309 1.303 1.298
'é ) Ca FORMULA 0.010 0.013 0.007 0.325 0.329 0.001 0.001 0.001
ﬂ - Na FORMULA 0.000 0.000 0.000 0.009 0.009 0.000 0.000 0.000
:g K FORMULA 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
s} Cl FORMULA 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
O FORMULA 4,000 4.000 4,000 4,000 4.000 4.000 4.000 4.000
Fosterite % 79.601 72.115 87.698 88.240 88.515 65.207 65.064 64.973

Fayalite % 20.262 27.111 12.251 11.499 11.273 34.324 34.553 34.594
Tephroite % 0.137 0.173 0.050 0.261 0.212 0.469 0.383 0.433

GabbroSoft 2011, | GabbroSoft 2011, | GabbroSoft 2011, | GabbroSoft 2011, | GabbroSoft 2011, | GabbroSoft 2011, | GabbroSoft 2011, | GabbroSoft 2011,
Method OLICALC.XLS OLICALC.XLS OLICALC.XLS OLICALC.XLS OLICALC.XLS OLICALC.XLS OLICALC.XLS OLICALC XLS
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Bulk Sample Serpentine

Identification
Method

MICACALC XLS Modified to
Serpentine_Calc_PROZ2.XLS

MICACALC.XLS Madified to
Serpentine_Calc_PRO2.XLS

MICACALC.XLS Madified to
Serpentine_Calc_PR0O2.XLS

MICACALC.XLS Modified to
Serpentine_Calc_PRO2.XLS

SAMPLE 3766-2 silicate? 3766-2 silicate2 3766-2 silicate2 3766-2 silicate3 3766-2 silicate3
Description Serpentine after olivine? Serpentine after clivine? Serpentine after olivine? Serpentine? Serpentine?
NUMBER 33 33 33 34 34
LINE 246 247 248 249 250
REL. LINE 1 2 3 1 2
PHASE Antigorite Antigorite Antigorite Antigorite Antigorite
Si02 42.246 42.147 41.534 41.617 41.65
TiO2 0.017 0.018 0.019 0.01 0.012
Al203 0.309 0.389 0.404 0.274 0.29
Cr203 0 0.011 0 0.013 0
2 Fel 5.022 5.094 5.621 4.007 3.105
= NiO 0.11 0.045 0.076 0.054 0.078
b MnO 0.018 0.008 0.017 0.02 0.008
= MgO 36.97 36.659 36.098 38.243 38.065
E Ca0 0.028 0.025 0.019 0.02 0.025
Na20 0.006 0.008 0.01 0.003 0
K20 0.009 0 0.001 0 0.013
Cl 0 0.014 0 0.018 0.071
TOTAL 84.735 84.418 83.798 84.278 83.316
Si FORMULA 2.046 2.048 2.041 2.020 2.034
2 Ti FORMULA 0.001 0.001 0.001 0.000 0.000
£ Al FORMULA 0.018 0.022 0.023 0.016 0.017
uli—’ Cr FORMULA 0.000 0.000 0.000 0.000 0.000
5 Fe FORMULA 0.203 0.207 0.231 0.163 0.127
5 é Ni FORMULA 0.004 0.002 0.003 0.002 0.003
é %13 Mn FORMULA, 0.001 0.000 0.001 0.001 0.000
> 0 |MgFORMULA 2.670 2.656 2.645 2.767 2.771
g Ca FORMULA 0.001 0.001 0.001 0.001 0.001
;g Na FORMULA 0.001 0.001 0.001 0.000 0.000
k= K FORMULA 0.001 0.000 0.000 0.000 0.001
7] Cl FORMULA 0.000 0.001 0.000 0.001 0.006
Antigorite % 92.782 92.713 91.872 94.381 95.524
Greenalite % 7.069 7.226 8.024 5.547 4.370
Garnierite % 0.149 0.061 0.104 0.072 0.106
GabbroSoft 2011, GabbroSoft 2011, GabbroSoft 2011, GabbroSoft 2011, GabbroSoft 2011,

MICACALC.XLS Modified to
Serpentine_Calc_PR0O2.XLS
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A4-51

Bulk Sample Serpentine
SAMPLE 3766-2 silicate3 3766-2 silicate transect 3766-2 silicate transect 3766-2 silicate transect 3766-2 silicate transect
Description Serpentine? Serpentine-medium gray Serpentine-medium gray Serpentine-dark gray Serpentine-medium gray
NUMBER 34 35 35 35 35
LINE 251 252 253 254 255
REL. LINE 3 1 2 3 4
PHASE Antigorite Antigorite Antigorite Antigorite Antigorite
Sio2 41.628 42.863 40.335 42.184 41.947
TiO2 0.01 0.006 0.004 0.005 0.016
Al203 0.299 0.326 0.309 0.314 0.207
Cr203 0.017 0 0 0 0
2 FeO 3.328 5.08 6.162 4.84 4.056
—E NiO 0.084 0.109 0.12 0.091 0.064
<< MnO 0.018 0.023 0.028 0 0.029
= MgO 38.106 37.826 36.314 36.166 39.087
E CaQ 0.041 0.023 0.028 0.038 0.017
NazC 0.018 0 0 0 0.004
K20 0.007 0.002 0.002 0.002 0.005
Cl 0.092 0 0.094 0 0.004
TOTAL 83.648 86.26 83.395 83.64 85.435
Si FORMULA 2.029 2.040 2.006 2.065 2.010
= Ti FORMULA 0.000 0.000 0.000 0.000 0.001
E Al FORMULA 0.017 0.018 0.018 0.018 0.012
\E Cr FORMULA 0.001 0.000 0.000 0.000 0.000
5 Fe FORMULA 0.136 0.202 0.256 0.198 0.163
T % Ni FORMULA 0.003 0.004 0.005 0.004 0.002
_rg g Mn FORMULA] 0.001 0.001 0.001 0.000 0.001
7 © |MgFORMULA 2.769 2.684 2.693 2.639 2.793
g Ca FORMULA 0.002 0.001 0.001 0.002 0.001
._g Na FORMULA 0.002 0.000 0.000 0.000 0.000
2 K FORMULA 0.000 0.000 0.000 0.000 0.000
& Cl FORMULA 0.008 0.000 0.008 0.000 0.000
Antigorite % 95.222 92.861 91.161 92.901 94.421
Greenalite % 4.665 6.995 8.676 6.973 5.496
Garnierite % 0.113 0.144 0.163 0.126 0.083
Identification GabbroSoft 2011, GabbroSoft 2011, GabbroSoft 2011, GabbroSoft 2011, GabbroSoft 2011,
Method MICACALC.XLS Modified to | MICACALC.XLS Modified to | MICACALCXLS Modified to | MICACALC.XLS Modifiedto | MICACALC.XLS Modified to
Serpentine_Calc_PRO2.XLS | Serpentine_Calc_PRO2.XLS | Serpentine_Calc_PRO2.XLS | Serpentine_Calc_PRO2.XLS | Serpentine_Calc_PRO2.XLS
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Bulk Sample Serpentine

Identification
Method

MICACALC.XLS Modified to
Serpentine_Calc_PRO2.XLS

MICACALC.XLS Modified to
Serpentine_Calc_PRO2.XLS

MICACALC.XLS Modified to
Serpentine_Calc_PRO2.XLS

MICACALC.XLS Modified to
Serpentine_Calc_PRO2.XLS

SAMPLE 3766-2 silicate transect 3766-2 silicate transect 3766-2 silicate transect 3766-2 silicate transect 3766-2 silicate transect
Description Serpentine-dark gray Serpentine-medium gray Serpentine-medium gray Serpentine-medium gray Serpentine-medium gray
NUMBER 35 35 35 35 35
LINE 256 257 258 259 260
REL. LINE 5 6 7 8 9
PHASE Antigorite Antigorite Antigorite Antigorite Antigorite
Si02 38.306 40.663 40.899 40.918 40.905
TiO2 0.005 0.006 0.023 0.011 0.004
Al203 0.452 0.683 0.527 0.484 0.595
Cr203 0.014 0 0 0 0
2 FeO 7.299 6.733 6.838 6.811 6.656
= NiC 0.289 0.22 0.292 0.293 0.207
z MnO 0.046 0.055 0.036 0.029 0.023
= MgO 19.228 30.713 33.988 33.634 33.203
E Ca0 0.069 0.058 0.039 0.053 0.058
Na20 0.031 0.014 0.004 0.014 0.005
K20 0.005 0 0.011 0.011 0.006
Cl 0.035 0.084 0.083 0.102 0.056
TOTAL 65.78 79.229 82.739 82.36 81.718
Si FORMULA 2.381 2.119 2.052 2.061 2071
= Ti FORMULA 0.000 0.000 0.001 0.000 0.000
E Al FORMULA 0.033 0.042 0.031 0.029 0.036
uE Cr FORMULA 0.001 0.000 0.000 0.000 0.000
5 Fe FORMULA 0.379 0.293 0.287 0.287 0.282
7 é Ni FORMULA 0.014 0.009 0.012 0.012 0.008
_@ g Mn FORMULA| 0.002 0.002 0.002 0.001 0.001
> O |MgFORMULA 1.782 2.386 2.542 2.526 2.507
g Ca FORMULA 0.005 0.003 0.002 0.003 0.003
E Na FORMULA 0.004 0.001 0.000 0.001 0.000
2 K FORMULA 0.000 0.000 0.001 0.001 0.000
& Cl FORMULA 0.004 0.007 0.007 0.009 0.005
Antigorite % 81.898 88.745 89.487 89.423 89.622
Greenalite % 17.437 10.912 10.098 10.157 10.077
Garnierite % 0.664 0.343 0.415 0.420 0.301
GabbroSoft 2011, GabbroSoft 2011, GabbroSoft 2011, GabbroSoft 2011, GabbroSoft 2011,

MICACALC.XLS Modified to
Serpentine_Calc_PRO2.XLS
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Bulk Sample Serpentine

Identification
Method

MICACALC.XLS Modified to
Serpentine_Calc_PRO2.XLS

MICACALC.XLS Modified to
Serpentine_Calc_PRO2.XLS

MICACALC.XLS Modified to
Serpentine_Calc_PRO2.XLS

MICACALC.XLS Modified to
Serpentine_Calc_PRO2.XLS

SAMPLE 3766-2 silicate transect 3766-2 silicate transect 3766-2 silicate transect 3766-2 silicate transect 3766-2 silicate transect
Description Serpentine-medium gray Serpentine-medium gray Serpentine-medium gray Serpentine-dark gray Serpentine-dark gray

NUMBER 35 35 35 35 35

LINE 261 262 263 264 265

REL. LINE 10 11 12 13 14

PHASE Antigorite Antigorite Antigorite Antigorite Antigorite
Sio2 41.145 38.631 42.218 40.691 42.691
Tio2 0.007 0 0 0.004 0.011
Al203 0.634 0.585 0.179 0.272 0.171
Cr203 0.024 0.006 0 0 0
2 FeO 7.19 6.998 4.541 3.652 3.925
—: NiQC 0.177 0.25 0.115 0.127 0.042
S MnO 0.039 0.041 0.018 0.058 0
= MgO 32.228 18.862 39.592 35.062 38.421
E Ca0 0.075 0.061 0.026 0.039 0.016
Na20 0.012 0.03 0 0.01 0.003
K20 0.003 0.008 0 0 0.006
Cl 0.074 0.064 0.045 0.096 0.017
TOTAL 81.607 65.536 86.734 80.011 85.304
Si FORMULA 2.089 2.400 2.000 2.072 2.042
L:," Ti FORMULA 0.000 0.000 0.000 0.000 0.000
E Al FORMULA 0.038 0.043 0.010 0.016 0.010
urg Cr FORMULA 0.001 0.000 0.000 0.000 0.000
5 Fe FORMULA 0.305 0.364 0.180 0.155 0.157
b % Ni FORMULA 0.007 0.012 0.004 0.005 0.002
_rg ::;2 Mn FORMULA| 0.002 0.002 0.001 0.003 0.000
> 0 Mg FORMULA| 2.440 1.747 2.796 2.662 2.740
E Ca FORMULA 0.004 0.004 0.001 0.002 0.001
Lg Na FORMULA 0.001 0.004 0.000 0.001 0.000
.8 K FORMULA 0.000 0.001 0.000 0.000 0.000
& Cl FORMULA 0.006 0.007 0.004 0.008 0.001
Antigorite % 88.645 82.288 93.818 94.306 94.528
Greenalite % 11.092 17.124 6.035 5.510 5.416
Garnierite % 0.263 0.588 0.147 0.184 0.056
GabbroSoft 2011, GabbroSoft 2011, GabbroSoft 2011, GabbroSoft 2011, GabbroSoft 2011,

MICACALC.XLS Modified to
Serpentine_Calc_PR0O2.XLS
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A4-54

Bulk Sample Serpentine

Identification
Method

MICACALC.XLS Modified to
Serpentine_Calc_PRO2.XLS

MICACALC.XLS Modified to
Serpentine_Calc_PRO2.XLS

MICACALC.XLS Modified to
Serpentine_Calc_PR0O2.XLS

MICACALC.XLS Modified to
Serpentine_Calc_PRO2.XLS

SAMPLE 3766-2 silicate transect 3769-3 serpentine-d 3769-3 serpentine-d 3769-3 serpentine-d 3769-3 serpentine-|
Description Serpentine-dark gray Serpentine-dark gray Serpentine-dark gray Serpentine-dark gray Serpentine-light gray
NUMBER 35 58 58 58 59
LINE 266 330 331 332 333
REL. LINE 15 1 2 3 1
PHASE Antigorite Antigorite Antigorite Antigorite Antigorite
Sio2 42.001 33.528 40.836 40.65 43.254
Ti02 0.003 0.059 0.058 0.052 0.008
Al203 0.326 0.743 0.659 0.747 0.068
Cr203 0 0.02 0.007 0.01 0.033
@2 FeO 4.921 6.299 6.235 6.336 8.625
—z NiC 0.09 0 0.034 0.022 0.143
< MnO 0.027 0.061 0.074 0.066 0.099
£ MgO 36.737 35931 36.75 38.832 34.801
E Ca0 0.03 0.046 0.039 0.05 0.045
Na20 0 0 0 0.003 0
K20 0.013 0 0 0.006 0.005
Cl 0 0.117 0.103 0.216 0.247
TOTAL 84.148 84.11 84.61 89.594 84.403
Si FORMULA 2.047 1.841 1.997 1.946 2.071
L:," Ti FORMULA 0.000 0.002 0.002 0.002 0.000
€ Al FORMULA 0.019 0.048 0.038 0.042 0.004
“E Cr FORMULA 0.000 0.001 0.000 0.000 0.001
g Fe FORMULA 0.201 0.289 0.255 0.254 0.345
2 é Ni FORMULA 0.004 0.000 0.001 0.001 0.006
_fg 2 [Mn FORMULA| 0.001 0.003 0.003 0.003 0.004
> 3 Mg FORMULA| 2.670 2.941 2.679 2771 2.484
g Ca FORMULA 0.002 0.003 0.002 0.003 0.002
kel Na FORMULA 0.000 0.000 0.000 0.000 0.000
faj K FORMULA 0.001 0.000 0.000 0.000 0.000
& Cl FORMULA 0.000 0.011 0.009 0.018 0.020
Antigorite % 92.898 91.047 91.269 91.590 87.625
Greenalite % 6.980 8.953 8.685 8.382 12.181
Garnierite % 0.123 0.000 0.046 0.028 0.194
GabbroSoft 2011, GabbroSoft 2011, GabbroSoft 2011, GabbroSoft 2011, GabbroSoft 2011,

MICACALC.XLS Modified to
Serpentine_Calc_PRC2.XLS
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Bulk Sample Serpentine

Identification
Method

MICACALC.XLS Modified to
Serpentine_Calc_PRO2.XLS

MICACALC.XLS Modified to
Serpentine_Calc_PRO2.XLS

MICACALC.XLS Modified to
Serpentine_Calc_PRO2.XLS

MICACALC.XLS Madified to
Serpentine_Calc_PRO2.XLS

SAMPLE 3769-3 serpentine-| 3769-3 serpentine-| 3769-4 vermicullite? 3769-4 vermicullite? 3769-4 vermicullite?
Description Serpentine-light gray Serpentine-light gray Vermiculite-Dark Vermiculite-Dark Vermiculite-Dark
NUMBER 59 59 63 63 63
LINE 334 335 345 346 347
REL. LINE 2 3 1 2 3
PHASE Antigorite Antigorite Antigorite Antigorite Antigorite

Si02 40.329 40.61 42.629 40.654 40.746

Ti02 0.006 0 0 0 0.006

Al203 0.116 0.103 0.167 0.163 0.186

Cr203 0.01 0.019 0 0.021 0.013

a FeD 8.932 9.418 5.23 5.188 5.285

= NiO 0.174 0.106 0.279 0.178 0.16
é MnO 0.131 0.148 0.06 0.072 0.051
£ MgO 34.601 36.687 37.482 37.801 37.93
E Ca0 0.035 0.059 0.036 0.038 0.032
Na20 0 0 0 0 0.012

K20 0 0 0.002 0.004 0.008

Cl 0.218 0.201 0.016 0.06 0.017
TOTAL 84.832 89.371 83.925 84.27 84.223

Si FORMULA 2.011 1.968 2.042 1.995 1.994

£ Ti FORMULA 0.000 0.000 0.000 0.000 0.000
E Al FORMULA 0.007 0.006 0.009 0.009 0.011
L Cr FORMULA 0.000 0.001 0.000 0.001 0.001
% Fe FORMULA 0.372 0.382 0.209 0.213 0.216
K % Ni FORMULA 0.007 0.004 0.011 0.007 0.006
_fg 9 [Mn FORMULA| 0.006 0.006 0.002 0.003 0.002
> 5 [mgFrormuLA 2.572 2.651 2.677 2.766 2.767
g Ca FORMULA 0.002 0.003 0.002 0.002 0.002
E Na FORMULA 0.000 0.000 0.000 0.000 0.001
.g K FORMULA 0.000 0.000 0.000 0.000 0.000
o Cl FORMULA 0.018 0.017 0.001 0.005 0.001
Antigorite % 87.146 87.295 92.398 92.634 92.556
Greenalite % 12.618 12.569 7.231 7.131 7.233
Garnierite % 0.236 0.136 0.371 0.235 0.211

GabbroSoft 2011, GabbroSoft 2011, GabbroSoft 2011, GabbroSoft 2011, GabbroSoft 2011,

MICACALC.XLS Modified to
Serpentine_Calc_PRO2.XLS
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A4-56

Bulk Sample Serpentine

Identification
Method

MICACALC.XLS Modified to
Serpentine_Calc_PRO2.XLS

MICACALC XLS Madified to
Serpentine_Calc_PRO2.XLS

SAMPLE 3768-4 iddingsite? 3768-4 iddingsite? 3768-4 iddingsite?
Description Iddingsite Iddingsite lddingsite
NUMBER 49 49 49
LINE 303 304 305
REL. LINE 1 2 3
PHASE Antigorite Antigorite Antigorite

Sio2 36.438 36.438 36.229
TiO2 0.026 0.011 0.008
Al203 0 0.004 0.008
Cr203 0.025 0 0.035
2 FeO 15.289 16.383 15.522
= NiO 0132 0.121 0.067

< MnO 0.09 0.134 0.17
= MgO 31.626 30.653 31776
E Ca0 0.015 0.018 0.011
Na20 0.007 0 0.002
K20 0.007 0 0.005
Cl 0.287 0.306 0.166
TOTAL 83.942 83.858 83.59
Si FORMULA 1.913 1.916 1.8595
Lj“ Ti FORMULA 0.001 0.000 0.000
E Al FORMULA 0.000 0.000 0.000
f Cr FORMULA 0.001 0.000 0.001
S Fe FORMULA 0.671 0.724 0.687
° % Ni FORMULA 0.006 0.005 0.003
_‘é} % |Mn FORMULA] 0.004 0.006 0.001
> 6 |MgFORMULA| 2.475 2.417 2.507
g Ca FORMULA 0.001 0.001 0.001
:g Na FORMULA 0.001 0.000 0.000
.g K FORMULA 0.000 0.000 0.000
I Cl FORMULA 0.026 0.027 0.015
Antigorite % 78.530 76.810 78.424
Greenalite % 21.293 23.026 21.487
Garnierite % 0.177 0.164 0.089

GabbroSoft 2011, GabbroSoft 2011, GabbroSoft 2011,

MICACALC.XLS Modified to
Serpentine_Calc_PRO2.XLS
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Fe203 Products Questionable Analyses

ML75- ML75- ML75- ML76- ML76- ML76-
SAMPLE Microhematite Microhematite Microhematite Microhematite Microhematite Microhematite
DATE 7/25/2018 7/25/2019 7/25/2019 7/25/2019 7/25/2019 7/25/2019
DESCRIPTION Spherical Core Spherical Core Spherical Core Blocky Composite | Blocky Composite | Blocky Composite
Core Core Core
NUMBER 19 19 19 25 25 25
LINE 85 86 87 103 104 105
REL.LINE 1 2 3 1 2 3
L L L Unkown Oxidized Fe{ Unknown Oxidized |Unkown Oxidized Fe
PHASE Unkown Fe-Ti-Oxide | Unkown Fe-Ti-Oxide | Unkown Fe-Ti-Oxide L L o
Ti-Oxide Fe-Ti-Oxide Ti-Oxide
Sio2 0.448 0.507 0.399 0.154 0.082 0.021
TiO2 76.366 76.120 79.639 40.456 36.652 33.727
Al203 0.000 0.020 0.041 0.005 0.013 0.032
" V203 0.078 0.095 0.026 0.000 0.019 0.000
S Cr203 0.010 0.024 0.001 0.000 0.000 0.000
E FeO 14.594 15.209 12.669 59.712 53.934 56.477
< NiO 0.036 0.000 0.000 0.000 0.011 0.039
% MnO 0.023 0.019 0.003 0.004 0.000 0.000
= MgO 0.000 0.000 0.000 0.000 0.000 0.000
Cl 0.201 0.178 0.233 0.012 0.000 0.025
6] 0.000 0.000 0.000 0.000 0.000 0.000
TOTAL 91.756 92.871 23.010 100.343 90.710 90.321
- Sio2 0.448 0.507 0.399 0.154 0.082 0.021
% TiO2 76.366 76.120 79.639 40.456 36.652 33.727
E Al203 0.000 0.020 0.041 0.005 0.013 0.032
S V203 0.078 0.095 0.026 0.000 0.019 0.000
?‘Cé' 8 Cr203 0.010 0.024 0.001 0.000 0.000 0.000
“ o Fe203* 16.218 17.680 14.079 66.358 59.937 62.763
% H NiQ 0.036 0.000 0.000 0.000 0.011 0.039
é MnO 0.023 0.019 0.003 0.004 0.000 0.000
& MgO 0.000 0.000 0.000 0.000 0.000 0.000
% Cl 0.201 0.178 0.233 0.012 0.000 0.025
t TOTAL* 93.380 94.643 94.421 106.989 96.714 96.607

* FeO recalculated to Fe203 per Abbey, 1979.
** Total recalculated per calculated Fe203
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Fe203 Products Hematite

SAMPLE ML73-Microhematite | ML73-Microhematite | ML73-Microhematite | ML73-Microhematite | ML73-Microhematite | ML73-Microhematite | ML73-lronunknown
Microhematite Lathe | Microhematite Lathe | Microhematite Lathe Microhematite Microhematite Microhematite Microhematite Semi-
DESCRIPTION Compaosite Composite Composite Amorphous Composite | Amorphous Composite | Amorphous Composite Sphere
NUMBER 4 4 4 5 5 5 8
LINE 43 44 45 46 47 48 54
REL. LINE 1 2 3 1 2 3 1
PHASE Hematite Hematite Hematite Hematite Hematite Hematite Hematite
5i02 0.146 0.065 0.058 0.099 011 0078 0.079
TiO2 0.059 0.066 0.055 0.141 0.066 0148 0.239
Al203 0.022 0.01 0.002 0.019 0.012 0.001 0
” V203 0.003 0 0.001 0.022 0.005 0.006 0
2 Cr203 0 0 0.006 o] 0.01 0 0
E FeQ 84.53 84.528 84.62 84.434 84.499 84.757 80.016
o NiO 0 0.01 0.003 0.031 0 0.056 0.01
% MnQ 0 0.009 0 o] 0 0.004 0
“ MgO 0 0 0 0.005 0.039 0 0.036
cl 0.288 0.395 0381 0333 0.338 0.39 4.071
o] 0 0 0 o] 0 0 0
TOTAL 85.048 85.083 85.126 85.085 85.08 85.441 84.451
Sio2 0.146 0.065 0.058 0.099 011 0078 0.079
:ﬂc_l, Tio2 0.059 0.066 0.055 0.141 0.066 0148 0.239
‘_é Al203 0.022 0.01 0.002 0.019 0.012 0.001 0
G V203 0.003 0 0.001 0.022 0.005 0.006 0
£ m Cr203 0 0 0.006 o] 0.01 0 0
E % Fe203* 93.921 93.919 94.021 93.814 93.887 94.174 88.906
e NiO 0 0.01 0.003 0.031 0 0.056 0.01
E MnQ 0 0.009 0 o] 0 0.004 0
< MgO 0 0 0 0.005 0.039 0 0.036
E cl 0.288 0.395 0381 0.333 0.338 0.39 4.071
TOTAL** 94.439 94.474 94.527 94.465 94.467 94.857 93.341
Si FORMULA 0.004 0.002 0.002 0.003 0.003 0.002 0.003
2 Ti FORMULA 0.001 0.001 0.001 0.003 0.001 0.003 0.006
_g 0 Al FORMULA 0.001 0 0 0.001 0 0 0
§ o V FORMULA 0 0 0 0.001 0 0 0
'2_ E Cr FORMULA 0 0 0 o] 0 0 0
% £ |Fe3+ FORMULA 2.001 2.008 2.008 2.001 2.003 2.004 2.134
_S £ Ni FORMULA 0 0 0 0.001 0 0.001 0
S £ Mn FORMULA 0 0 0 o] 0 0 0
% Mg FORMULA 0 0 0 o] 0.002 0 0.002
Cl FORMULA 0.014 0.019 0.018 0.016 0.016 0.019 0.22
METHGD Par Klein and Hurbut, | Per Klein and Hurbut, | Per Klein and Hurbut, | Per Klein and Hurbut, | Per Klein and Hurbut, | PerKlein and Hurbut, | PerKlein and Hurbut,
1999 1999 1999 1999 1999 1999 1999

* FeQ recalculated to Fe203 per Abbey, 1979,
% Total recalculated per calculated Fe203
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Fe203 Products Hematite

SAMPLE ML73-Ironunknown ML73-Ironunknown ML73-Ironunknown ML73-Ironunknown ML73-lIronunknown ML73-Ironunknown
Microhematite Semi- Microhematite Semi- Microhematite Semi- Microhematite Lathe Microhematite Lathe "Vesicular"
DESCRIPTION Sphere Sphere Sphere Composite Composite Microhematite
NUMBER 8 8 10 10 10 11
LINE 55 56 58 59 60 6l
REL. LINE 2 3 1 2 3 1
PHASE Hematite Hematite Hematite Hematite Hematite Hematite
Si02 0.176 0.164 0.069 0.056 0.085 0.008
TiO2 0.358 0.272 0.064 0.064 0.065 0.054
Al203 0.016 0.048 0.01 o] 0.019 0.005
- V203 0.015 0.01 0.013 0.008 0.01 0.002
E. Cr203 0 0 0.009 0 0.009 0
E FeO 80.874 81.826 83.906 82.856 83.828 79.012
< NiO 0.04 0 0.032 0 0 0.009
% MnO 0 0 0 0.008 0.01 0
“ MgO 0.021 0.059 0 o] 0 0.025
Cl 3.711 3.963 0.705 0914 0.72 6.64
o] 0 0 0 0 0 0
TOTAL 85.21 86.344 84.808 83.906 84.745 85.755
Si02 0.176 0.164 0.069 0.056 0.085 0.008
:‘?_J, TiO2 0.358 0.272 0.064 0.064 0.065 0.054
:_5 Al203 0.016 0.048 0.01 o] 0.019 0.005
K] V203 0.015 0.01 0.013 0.008 0.01 0.002
S m Cr203 0 0 0.009 0 0.009 0
f % Fe203* 89.859 90.917 93.228 92.061 93.142 87.791
2% NiO 0.04 0 0.032 0 0 0.009
E MnO 0 0 0 0.008 0.01 0
< MgO 0.021 0.059 0 o] 0 0.025
E Cl 3.711 3.963 0.705 0914 0.72 6.64
TOTAL** 94.195 95.435 94.13 93.111 94.058 94.533
Si FORMULA 0.006 0.005 0.002 0.002 0.002 o]
’2 Ti FORMULA 0.008 0.006 0.001 0.001 0.001 0.001
_g @ Al FORMULA 0.001 0.002 0 0 0.001 0
E & V FORMULA 0 o] 0 o] 0 o]
< g Cr FORMULA 0 0 0 0 0 0
o % Fe3+ FORMULA 2.11 212 2.017 2.026 2.017 2,252
.E E Ni FORMULA 0.001 o] 0.001 o] 0 o]
5 & Mn FORMULA 0 0 0 0 0 0
§ Mg FORMULA 0.001 0.003 0 0 0 0.001
Cl FORMULA 0.19% 0.208 0.034 0.045 0.035 0.384
METHOD Per Klein and Hurbut, Per Klein and Hurbut, Per Klein and Hurbut, Per Klein and Hurbut, Per Klein and Hurbut, Per Klein and Hurbut,
1999 1999 1999 1999 1999 1999

* FeO recalculated to Fe203 per Abbey, 1979,
** Total recalculated per calculated Fe203
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Fe203 Products Hematite

SAMPLE ML73-Ironunknown ML73-Ironunknown ML73-Iranunknown ML73-Ironunknown ML73-Ironunknown ML73-Ironunknown-d
"Vesicular" "Vesicular" . . . . . . . . i Microhematite
DESCRIPTION . i . . Massive Microhematite | Massive Microhematite | Massive Microhematite .
Microhematite Microhematite Amorphous Composite
NUMBER 11 11 12 12 12 13
LINE 62 63 64 65 66 68
REL. LINE 2 3 1 2 3 2
PHASE Hematite Hematite Hematite Hematite Hematite Hematite
Sio2 0.06 0.022 0.062 0.054 0.019 0.167
TiOo2 0.049 0.049 0.098 0.074 0.082 0.072
Al203 0.026 0.005 0.024 0.005 0.028 0.006
“ V203 0.006 0.016 0 0.008 0.009 0011
2 Cr203 0.009 o] 0.01 0 0.003 0.008
E FeO 78723 78.49 85.233 84,971 85.14 85.207
< NiO 0 0.028 0.007 0 0 0
% MnO 0 0.008 0.001 0 0.015 0.002
- Mg0 0 0.001 0 0 0 0
Cl 6.504 6.465 0.596 0.555 0.493 0.759
8] 0 0 0 0 0 0
TOTAL 85.376 85.084 86.032 85.667 85.788 86.231
Si02 0.06 0.022 0.062 0.054 0.019 0.1e7
E Tio2 0.049 0.049 0.098 0.074 0.082 0072
‘_E? Al203 0.026 0.005 0.024 0.005 0.028 0.006
f_g V203 0.006 0.016 0 0.008 0.009 0.011
£ n Cr203 0.009 0 0.01 0 0.003 0.008
E 8 Fe203* 87.469 87.21 94.702 94.411 94.598 94.673
E & NiO 0 0.028 0.007 0 0 0
E MnO 0 0.008 0.001 0 0.015 0.002
o MgO 0 0.001 0 0 0 0
E Cl 6.504 6.465 0.596 0.555 0.493 0759
TOTAL** 94,122 93.804 95.501 95.108 95.247 95.698
Si FORMULA 0.002 0.001 0.002 0.002 0.001 0.005
'2 Ti FORMULA 0.001 0.001 0.002 0.002 0.002 0.002
_g 2 Al FORMULA 0.001 o] 0.001 0 0.001 0
E & V FORMULA 0 0 0 0 0 0
‘g_ 5 Cr FORMULA 0 0 0 0 0 0
o '—; Fe3+ FORMULA 2.245 2.246 2.013 2.013 2.011 2.015
EE Ni FORMULA 0 0.001 0 0 0 0
S £ Mn FORMULA 0 o] 0 0 0 0
% Mg FORMULA 0 o] 0 0 0 0
Cl FORMULA, 0.376 0.375 0.029 0.027 0.024 0.036
METHOD PerKlein and Hurbut, PerKlein and Hurbut, Per Klein and Hurbut, PerKlein and Hurbut, PerKlein and Hurbut, Per Klein and Hurbut,
1999 1999 1999 1999 1999 1999

* FeO recalculated to Fe203 per Abbey, 1979.

** Total recalculated per calculated Fe203
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Fa203 Products Hematite

SAMPLE ML73-Ironunknown-d ML73-Ironunknown-| ML73-Ironunknown-| ML73-Ironunknown-| ML74-Microhematite
DESCRIPTION Microhematite Amorphous Microhematite Amorphous Microhematite Amorphous Microhematite Amorphous Microhematite Polygonal
Composite Composite Composite Composite Composite
NUMBER 13 14 14 14 15
LINE 69 70 71 72 73
REL. LINE 3 1 2 3 1
PHASE Hematite Hematite Hematite Ti-Bearing Hematite Hematite
5i02 0.103 0.131 0.103 0.122 0
TiO2 0.082 0.071 0.098 0.492 0.143
Al203 0.01e 0.018 0 0.044 0
" V203 0.002 0 0.013 0.008 0.015
2 Cr203 0.008 0 0 0 0.001
g FeO 84.812 85.147 84.644 83.9 86.56
< NiO 0 0 0 0.011 0
s MnO 0007 0 0 0 0
- MgO 0 0 0 0 0.094
Cl 0.77 0.729 0.724 0.804 0.088
0] 0 0 0 0 0
TOTAL 85.8 86.096 §5.582 85.383 86.901
Si02 0.103 0.131 0.103 0.122 0
E TiO2 0.082 0.071 0.098 0.492 0.143
% Al203 0.016 0.018 0 0.044 0
® V203 0.002 0 0.013 0.008 0.015
S m Cr203 0.008 0 0 0 0.001
E % Fe203* 94,234 94,607 94,048 93,221 96.176
s« NiO 0 0 0 0.011 0
g MnO 0.007 0 0 0 0
< MgO 0 0 0 0 0.094
E Cl 0.77 0.729 0.724 0.804 0.088
TOTAL** 95223 95.555 94.986 94.704 96.517
Si FORMULA 0.003 0.004 0.003 0.003 0
'2 Ti FORMULA 0.002 0.002 0.002 0.011 0.003
_g e Al FORMULA 0.001 0.001 0 0.001 0
Z & V FORMULA 0 0 0 0 0
'; 5 Cr FORMULA 0 0 0 0 0
o ‘—; Fe3+ FORMULA 2.018 2.016 2.016 2.005 1.9%6
EE Ni FORMULA 0 0 0 0 0
5 £ Mn FORMULA 0 0 0 0 0
P Mg FORMULA 0 0 0 0 0.004
CIFORMULA 0.037 0.035 0.035 0.039 0.004
METHOD Per Klein and Hurbut, 1999 Per Klein and Hurbut, 1999 Per Klein and Hurbut, 1999 Per Klein and Hurbut, 1999 Per Klein and Hurbut, 1999

* FaQ recalculated to Fe203 per Abbey, 1979,
** Total recalculated per calculated Fe203
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Fe203 Products Hematite

SAMPLE ML74-Microhematite ML7 4-Microhe matite ML74-Ironunknown ML74-Ironunknown ML74-Ironunknown ML7 5-Ironunknown
DESCRIPTION Microhematite Polygonal Microhematite Microhematite Vesicular]Microhematite Vesicular]Microhematite Vesicular| Microhematite Sphere
Compaosite Polygonal Composite Composite Compaosite Composite Core
NUMBER 15 15 18 18 18 20
LINE 74 75 82 83 84 89
REL. LINE 2 3 1 2 3 1
PHASE Hematite Hematite Hematite Hematite Hematite Hematite
Si02 0.292 0118 0 0.11 0.028 0.16
Tio2 0.1l6 0.163 0.1l 0.29 0.076 0.128
Al203 0.063 0.053 0.012 0.068 0.033 0.074
" V203 0.02 0.009 0 0.01 0 0.008
E Cr203 0 0.001 0 0 0.002 0
E FeO 86.543 85.636 85.04 85.569 83.866 83.994
ot Nio o] 0.004 0 0.034 0.004 0
% MnO 0.003 0.003 0 0 0.005 0.012
“ MgO 0.077 0191 0.094 0.21 0011 0.598
Cl 0.106 0471 0.897 0.678 0.095 1.1
0] o] 0 0 0 o] 0
TOTAL 87.264 86.646 86.205 86.968 84118 86.074
Si02 0.292 0118 0 0.11 0.028 0.16
E Tio2 0.1l6 0.163 0.1l 0.29 0.076 0.128
‘_g Al203 0.063 0.053 0.012 0.068 0.033 0.074
B V203 0.02 0.009 0 0.01 0 0.008
o Cr203 0 0.001 0 0 0.002 0
E % Fe203* 96.158 95.15 94.488 95.075 93.184 93.326
E u- NiO 0 0.004 0 0.034 0.004 0
g MnO 0.003 0.003 0 0 0.005 0.012
< MgQ 0.077 0191 0.094 0.21 0.011 0.598
E cl 0.106 0471 0.897 0.678 0.095 1.1
TOTAL** 96.879 96.16 95.653 96.475 93.436 95.405
Si FORMULA 0.008 0.003 0 0.003 0.001 0.005
'2 Ti FORMULA 0.003 0.003 0.003 0.006 0.002 0.003
_g © Al FORMULA 0.002 0.002 0 0.002 0.001 0.002
§ & V FORMULA 0 0 0 0 0 0
'g_ E Cr FORMULA 0 0 0 0 0 0
o [—:,“ Fe3+ FORMULA 1.984 1.999 2.021 2 1998 2.006
EE Ni FORMULA 0 0 0 0.001 0 0
5 &£ Mn FORMULA 0 0 0 0 0 0
§ Mg FORMULA 0.003 0.008 0.004 0.009 0 0.025
CIFORMULA 0.005 0.022 0.043 0.032 0.005 0.053
) Per Klein and Hurbut, Per Klein and Hurbut, Per Klein and Hurbut, Per Klein and Hurbut, Per Klein and Hurbut,
METHOD Per Klein and Hurbut, 1999 1599 1999 1999 1999 1999

* FeO recalculated to Fe203 per Abbey, 1979.
** Total recalculated per calculated Fe203
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Fe203 Products Hematite

SAMPLE ML75-Ironunknown | ML75-Microhematite | ML75-Microhematite | ML7 5-Microhematite | ML76-Microhematite
Microhematite Sphere Massive Massive Massive Large Massive
DESCRIPTION . . . . . . . . .
Rim Microhematite Microhematite Microhematite Hematite Composite
NUMBER 20 21 21 21 23
LINE S0 91 92 93 97
REL. LINE 2 1 2 3 1
PHASE Hematite Hematite Hematite Hematite Hematite
Si02 0.127 0.079 0.162 0.279 0.045
Tio2 0.351 0.294 0.324 0.277 0.151
Al2G3 0.084 0.005 o] 0.03 0.003
“ V203 0.011 0.035 0.032 0.037 0.005
B Cr203 0 0.006 0 0.007 0.008
E FeO 84.491 83.662 83.726 81.773 85.625
< NiO 0.004 0.006 0.009 0.002 0
S MnO 0 0 0 0 0.007
“ MgO 1.06 0 0.022 0.041 0.371
Cl 0.773 0.639 0.567 0.578 0.9
0 o] 0 o] 0 o]
TOTAL 86.9 84.726 84.841 83.024 87.136
sio2 0.127 0.079 0.162 0.279 0.045
E Tio2 0.351 0.294 0.324 0.277 0.151
% Al203 0.084 0.005 0 0.03 0.003
s V203 0.011 0.035 0.032 0.037 0.005
S m Cr203 0 0.006 0 0.007 0.008
E % Fe203* 93.877 92.957 93.028 90.858 95.138
g v NiO 0.004 0.006 0.009 0.002 0
E MnO 0 0 0 0 0.007
bt MgO 1.06 0 0.022 0.041 0.371
E Cl 0.773 0.639 0.567 0.578 0.92
TOTAL** 96.287 S4.02 94.143 92.109 96.648
Si FORMULA 0.004 0.002 0.005 0.008 0.001
2 Ti FORMULA 0.007 0.006 0.007 0.006 0.003
_g e AlFORMULA 0.003 0 o] 0.001 o]
§ o V FORMULA o] 0.001 0.001 0.001 o
2 g Cr FORMULA 0 0 0 0 0
T ‘—:,“ Fe3+ FORMULA 1.977 2.008 2.001 1.997 2.012
EE Ni FORMULA 0 0 0 0 0
58 Mn FORMULA 0 0 0 0 0
§ Mg FORMULA 0.044 0 0.001 0.002 0.0l6
Cl FORMULA, 0.037 0.031 0.027 0.029 0.044
METHOD Per Klein and Hurbut, | Per Klein and Hurbut, | Per Klein and Hurbut, | Per Klein and Hurbut, | Per Klein and Hurbut,
1999 1999 1999 1999 1999

* FeQ recalculated to Fe203 per Abbey, 1979.
** Total recalculated per calculated Fe203
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Fe203 Products Silicates

SAMPLE ML74-Ironunknown-i | ML74-Ironunknown-i | ML74-lronunknown-i | ML74-Ironunknown-m | ML74-lronunknown-m| ML74-Irenunknown-m
DESCRIPTION Light Gray Elongate Light Gray Flangate Light Gray Flongate Darker Gray Matrix Darker Gray Matrix Darker Gray Matrix
Core Core Core

NUMBER 16 16 16 17 17 17

LINE 76 77 78 79 30 81

REL. LINE 1 2 3 1 2 3

PHASE Quartz? Quartz? Quartz? Impure Quartz? Impure Quartz? Impure Quartz?

Si02 92 .689 90.610 91.343 78.063 73.520 77429
Tio2 0.098 0.100 0.087 0.137 0.155 0.147
Al203 1.138 1.361 1.296 2.886 3.458 3.141
- V203 0.006 0.005 0.000 0.009 0011 0.011
g Cr203 0.006 0.000 0.001 0.000 0.000 0.000
E FeQ 1.176 1.072 1.142 1.307 1.944 1.674
£ NiQ 0.002 0.018 0.000 0.028 0.012 0.013
= MnQ 0.002 0.028 0.009 0.000 0.000 0.000
- MgO 0.000 0.000 0.000 0.000 0.000 0.000
cl 0.011 0.016 0.000 0.000 0.000 0.000
o] 0.000 0.000 0.000 0.000 0.000 0.000
TOTAL 95.127 93.210 93.878 82.431 79.100 82416
- Si02 92.689 90.610 91.343 78.063 73.520 77429
g TiO?2 0.098 0.100 0.087 0.137 0.155 0.147
Lgu Al203 1.138 1.361 1.296 2.886 3.458 3.141
i V203 0.006 0.005 0.000 0.009 0011 0.011
Em Cr203 0.006 0.000 0.001 0.000 0.000 0.000
E % Fe203* 1.307 1.191 1.268 1.453 2.160 1.860
g - NiO 0.002 0.018 0.000 0.028 0012 0.013
% MnO 0.002 0.028 0.009 0.000 0.000 0.000
E MgQ 0.000 0.000 0.000 0.000 0.000 0.000
E Cl 0.011 0.016 0.000 0.000 0.000 0.000
TOTAL* 95.258 93.329 94.005 82.576 79.316 82.602
Si FORMULA 1.960 1.956 1.957 1.912 1.884 1.900
2 Ti FORMULA 0.002 0.002 0.001 0.003 0.003 0.003
_g e Al FORMULA 0.028 0.035 0.033 0.083 0.104 0.091
§ 5 V FORMULA 0.000 0.000 0.000 0.000 0.000 0.000
; % Cr FORMULA 0.000 0.000 0.000 0.000 0.000 0.000
g 2 |Fe3+FORMULA 0.023 0.021 0.023 0.030 0.046 0.038
_S E Ni FORMULA 0.000 0.000 0.000 0.001 0.000 0.000
S <€ [Mn ForRMULA 0.000 0.001 0.000 0.000 0.000 0.000
g Mg FORMULA 0.000 0.000 0.000 0.000 0.000 0.000
Cl FORMULA 0.000 0.001 0.000 0.000 0.000 0.000
Si FORMULA 0.980 0.978 0.979 0.956 0.942 0.950
2 Ti FORMULA 0.001 0.001 0.001 0.002 0.002 0.002
_g e Al FORMULA 0.014 0.018 0.017 0.042 0.052 0.046
% S.;n V FORMULA 0.000 0.000 0.000 0.000 0.000 0.000
; ] Cr FORMULA 0.000 0.000 0.000 0.000 0.000 0.000
g = |Fe3+FORMULA 0.012 0.011 0.012 0.015 0.023 0.019
E £ Ni FORMULA 0.000 0.000 0.000 0.001 0.000 0.000
':;é € [Mn ForRMULA 0.000 0.001 0.000 0.000 0.000 0.000
& Mg FORMULA 0.000 0.000 0.000 0.000 0.000 0.000
Cl FORMULA 0.000 0.001 0.000 0.000 0.000 0.000

* FeO recalculated to Fe203 per Abbey, 1979.
** Total recalculated per calculated Fe203
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A4-65

Fe203 Products Ti-Bearing Hematite

SAMPLE ML73-Ironunknown-i| ML73-Ironunknown-I| ML76-Microhematite| ML76-Microhematite| ML76-Microhematite| ML76-Microhematite
DESCRIPTION Microhematite Semi- Microhematite Large Massive Microhematite Microhematite Microhematite
Sphere Amorphous Hematite Composite Sphere Core Sphere Core Sphere Core
NUMBER 9 14 23 24 24 24
LINE 57 72 29 100 101 102
REL. LINE 1 3 3 1 2 3
PHASE Ti-Bearing Hematite | Ti-Bearing Hematite | Ti-Bearing Hematite | Ti-Bearing Hematite | Ti-Bearing Hematite | Ti-Bearing Hematite

Si02 0.296 0.122 0.126 0.000 0.015 0.080
TiOo2 0.747 0.492 0.696 1.352 1.095 0.621
Al203 0.156 0.044 0.022 0.032 0.097 0.029
" V203 0.000 0.008 0.010 0.006 0.001 0.025
2 Cr203 0.002 0.000 0.000 0.000 0.001 0.000
é FeO 77.353 83.900 85616 84.937 85.481 81.867
< NiO 0.025 0.011 0.002 0.000 0.003 0.000
% MnQ 0.017 0.000 0.000 0.012 0.000 0.000
! MgO 0.033 0.000 0.308 0.152 0.069 0.237
Cl 1.358 0.804 0.605 0.668 0.520 0.258
o] 0.000 0.000 0.000 0.000 0.000 0.000
TOTAL 79.988 85.383 87.385 87.158 87.282 83.115
- Si02 0.296 0.122 0.126 0.000 0.015 0.080
% TiO2 0.747 0.492 0.696 1.352 1.095 0.621
e Al203 0.156 0.044 0.022 0.032 0.097 0.029
] V203 0.000 0.008 0.010 0.006 0.001 0.025
= m Cr203 0.002 0.000 0.000 0.000 0.001 0.000
f 2 Fe203* 85.947 93221 95,128 94,373 94,978 90.962
g £ NiO 0.025 0.011 0.002 0.000 0.003 0.000
2 MnO 0.017 0.000 0.000 0.012 0.000 0.000
< MgO 0.033 0.000 0.308 0.152 0.069 0.237
= Cl 1.358 0.804 0.605 0.668 0.520 0.258
- TOTAL* 88.582 94.704 96.897 96.594 96.779 92.211
Si FORMULA 0.009 0.003 0.004 0.000 0.000 0.002
"2 Ti FORMULA 0.017 0.011 0.015 0.028 0.023 0.013
_g @ Al FORMULA 0.006 0.001 0.001 0.001 0.003 0.001
§ w0 V FORMULA 0.000 0.000 0.000 0.000 0.000 0.001
‘°> % Cr FORMULA 0.000 0.000 0.000 0.000 0.000 0.000
ﬁ ‘—:" Fe3+ FORMULA 2.005 2.005 1.985 1.978 1.980 1.979
_S E Ni FORMULA 0.001 0.000 0.000 0.000 0.000 0.000
S £ Mn FORMULA 0.000 0.000 0.000 0.000 0.000 0.000
§ Mg FORMULA 0.002 0.000 0.013 0.006 0.003 0.010
Cl FORMULA 0.071 0.039 0.028 0.032 0.024 0.013

* FeQ recalculated to Fe203 per Abbey, 1979.
** Total recalculated per calculated Fe203
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limenite Concentrate Chlorite

SAMPLE ML79-Talc maybe ML79-Talc maybe ML79-Talc maybe ML79-Talc maybe ML79-Talc maybe ML79-Talc maybe ML79-Silicate unknoven HY| ML79-Silicate unknown HY|
DESCRIPTION Medium Gray Plate? Medium Gray Plate?| Medium Gray Plate?]| Light Gray Blocky Light Gray Blocky Light Gray Blocky Dark Gray Blocky Dark Gray Blocky
NUMBER 35 35 35 36 37 37 31 31
LINE 162 163 164 165 166 167 153 151
REL. LINE 1 2 3 1 1 2 3 1
PHASE Clinochlore Clinochlore Clinochlore Sudoite Donbassite Chamosite Clinochlore Clinochlore
Si02 30.940 31.458 25.553 12.289 14.004 12173 32.266 40.735
Tio2 0.485 0.477 1.676 7.573 1.011 1.377 0.378 0.368
Al203 16.427 16.574 13.330 16.077 6.742 6.147 14.221 3.872
Cr203 0.067 0.050 0.057 0.003 0.088 0.087 0.030 0.013
- FeO 10.790 10.805 27.087 7.329 44.506 49108 9.635 6.786
z NiO 0.097 0.078 0.067 0.014 0.020 0.000 0.012 0.004
E MnO 0.053 0.056 0.073 0.069 0.036 0.035 0.085 0.046
P Mg 28.699 28.826 25.017 0.517 9.275 8.991 30.822 36.394
= Ca0 0.023 0.043 0.089 0.148 0.105 0.098 0.018 0.074
- Na20O 0.011 0.009 0.006 0.060 0.046 0.039 0.000 0.000
K20 0.001 0.014 0.011 0.010 0.000 0.009 0.005 0.000
cl 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
TOTAL 87.593 88.388 92.966 44.088 75.832 78.064 87.472 88.292
OHJiapfu}) 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000
[Si 3.013 3.034 2.489 2.403 1.895 1.623 3.120 3.829
B 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
AllIv) 0.987 0.966 1.511 1.597 1.076 0.966 0.880 0.171
Total[Tetrahedral 4.000 4.000 4.000 4.000 2.971 2.588 4.000 4.000
[Al(v1) 0.898 0.917 0.019 2.109 0.000 0.000 0.740 0.258
Ti 0.036 0.035 0123 1114 0.103 0.138 0.028 0.026
V 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Cr 0.005 0.004 0.004 0.001 0.009 0.009 0.002 0.001
2 Mn3+ 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
@ Fe3+ 0.018 0.000 1.229 0.000 2.879 3.464 0.080 0.000
g Fe2+ 0.861 0.871 0.978 1.199 2.158 2.010 0.699 0.534
L:ru Mn 0.004 0.005 0.006 0.011 0.004 0.004 0.007 0.004
E Ni 0.008 0.006 0.005 0.002 0.002 0.000 0.001 0.000
; Co 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
? n 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
'g Cu 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
E Mg 4.166 4144 3.633 0.151 1.871 1.787 4.443 5.100
'; Total]Octahedral 5.995 5.982 5.996 4.586 7.028 7.412 5.999 5.923
E [Octahedral vacant] 0.005 0.018 0.004 1.414 0.000 0.000 0.001 0.078
£ [Ca 0.002 0.004 0.009 0.031 0.015 0.014 0.002 0.008
£ Ba 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
& Na 0.002 0.002 0.001 0.023 0.012 0.010 0.000 0.000
K 0.000 0.002 0.001 0.003 0.000 0.002 0.001 0.000
Rb 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Cs 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Li 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Total] 0.005 0.008 0.012 0.056 0.027 0.026 0.003 0.008
[OH 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000
F 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Cl 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
° o [Species{Zane and Weiss, 1998]] Mg chlorite Mg chlorite Mg chlorite Al chlorite Fe chlorite Fe chlorite Mg chlorite Mg chlorite
-‘g g [Species{Wiewiora and Weiss, 1990)] Clinochlore Clinochlore Clinochlore Sudoite Chamosite Chamosite Clinochlore Clinochlore
E § [Species{Bayliss, 1975)] Clinochlore Clinochlore Clinochlore Clinochlore Chamosite Chamosite Clinochlore Clinochlore
[Species{This study)] Clinochlore Clinochlore Clinochlore Sudoite Chamosite Chamosite Clinochlore Clinochlore
Method Yavuz etal. 2015 Yavuz et al. 2015 Yavuz etal. 2015 Yavuz et al. 2015 Yavuz etal. 2015 Yavuz etal. 2015 Yavuz et al. 2015 Yavuz etal. 2015
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A4-67

limenite Concentrate Chlorite

SAMPLE ML79-5ilicate unknown HY|
DESCRIPTION Dark Gray Blocky
NUMBER 31
LINE 152
REL. LINE 2
PHASE Clinochlore
Sio2 41.272
TiO2 0.352
Al203 2.985
Cr203 0.000
” FeO 5.879
z NiO 0.042
g MnO 0.042
; MgO 36.195
= Ca0 0.103
. Nazo 0.000
K20 0.002
Cl 0.000
TOTAL 87.871
OH]{apfu) 8.000
[si 3.398
B 0.000
Al(IV) 0.102
Total]Tetrahedral 4.000
TAIVI) 0.230
Ti 0.025
Vv 0.000
Cr 0.000
2 Mn3+ 0.000
& Fe3r 0.000
g Fe2+ 0.543
2 M 0.003
£ N 0.003
E Co 0.000
c Zn 0.000
3 Cu 0.000
2 Mg 5.09
= Total]Octahedral 5.901
E [Octahedral vacant] 0.099
S [Ca 0.010
g Ba 0.000
& Na 0.000
K 0.000
Rb 0.000
Cs 0.000
Li 0.000
Total] 0.011
[OH 8.000
F 0.000
Cl 0.000
. @ [SpeciesiZane and Weiss, 1998)] Mg chlorite
-‘é -2 [Species|Wiewiora and Weiss, 1990}] Clinochlore
g ;’.!_ [Species(Bayliss, 1975)] Clinochlore
[Species{This study)] Clinochlore

Me thod

Yavuzetal 2015
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A4-68

limenite Concentrate limenite

SAMPLE ML-64 ML-64 ML-64 ML-64 ML-64
DESCRIPTION| Light Gray Angular Fragment Light Gray Angular Fragment Light Gray Angular Fragment Light Gray Angular Fragment Light Gray Angular Fragment

NUMBER 5 5 5 B B

LINE 43 44 45 46 47

REL. LINE 1 2 3 1 2
PHASE limenite limenite limenite limenite lImenite
Si02 0.000 0.000 0.001 0.008 0.000
» TiO2 50.975 51.494 56.640 49.445 49.652
2 Nb205 0.000 0.000 0.000 0.000 0.000
E Al203 0.054 0.042 0.049 0.043 0.023
o FeO 41.853 41478 46.040 45984 45815
% MnO 0.407 0.407 0.424 0.451 0.438
w MgO 3733 3.656 4139 2.644 2 582
Ca0 0.000 0.000 0.000 0.000 0.000
VY203 0.199 0.161 0.221 0.253 0.238
Cr203 0.010 0.008 0.034 0.050 0.097
NiO 0.000 0.014 0.000 0.000 0.040
Cl 0.000 0.000 0.000 0.000 0.000
TOTAL 97.231 97.260 107 547 98.878 98.884
£ Si02 0.000 0.000 0.001 0.008 0.000
< 8 TiO2 50.975 51.494 56.640 49.445 49.652
'*g dc:; Nb205 0.000 0.000 0.000 0.000 0.000
2 3 Al203 0.054 0.042 0.049 0.043 0.023
= g Fe203 4.080 2.861 4.035 8.376 7.958
8 FeQ 38.182 38.903 42409 38.446 38.654
xd MnO 0.407 0.407 0.424 0.451 0.438
Z2g MgQ 3.733 3.656 4.139 2.644 2582
2 g Ca0 0.000 0.000 0.000 0.000 0.000
=) V203 0.199 0.161 0.221 0.253 0.238
_E - Cr203 0.010 0.008 0.034 0.050 0.097
o Q-'i NiO 0.000 0.014 0.000 0.000 0.040
=4 Cl 0.000 0.000 0.000 0.000 0.000
& TOTAL 97.430 97.363 107 697 99.414 99.306
. Si 0.000 0.000 0.000 0.000 0.000
e Ti 1.930 1.951 1.939 1.853 1.863
g Nb 0.000 0.000 0.000 0.000 0.000
Y Al 0.003 0.002 0.003 0.003 0.001
= E Fefiii) 0.154 0.108 0.138 0.314 0.299
=8 Felii) 1.607 1.639 1.614 1.602 1.613
%%’ Mn 0.017 0.017 0.016 0.019 0.019
g 8 Mg 0.280 0.275 0.281 0.196 0.192
= % Ca 0.000 0.000 0.000 0.000 0.000
o w I 0.008 0.006 0.008 0.010 0.010
- Cr 0.000 0.000 0.001 0.002 0.004
'?J Ni 0.000 0.001 0.000 0.000 0.002
E Cl 0.000 0.000 0.000 0.000 0.000
B TOTAL 3.992 3.993 3.991 3.988 3.987
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limenite Concentrate [Imenite

SAMPLE ML-64 ML-64 ML-64 ML-64 ML-79
DESCRIPTION]| Light Gray Angular Fragment | Light Gray Angular Fragment Light Gray Angular Fragment Light Gray Angular Fragment Medium Gray Blocky Massive
NUMBER [ 7 7 7 9
LINE 48 49 50 51 85
REL. LINE 3 1 2 3 1

PHASE limenite lImenite limenite limenite limenite

Sio2 0.000 0.000 0.022 0.006 0.000
“ TiO2 49.595 49.994 49535 50.084 49549
2 Nb205 0.000 0.000 0.000 0.000 0.000
g Al203 0.022 0.051 0.049 0.037 0.000
e FeO 45.970 44.405 44.393 44178 45574
% MnO 0.448 0.357 0.409 0.363 0.549
W MgO 2.567 3.425 3.460 3.436 3.394
CalQ 0.000 0.000 0.000 0.000 0.000

V203 0.253 0.193 0.213 0.176 0.290

Cr203 0.035 0.056 0.044 0.067 0.128

NiO 0.005 0.017 0.076 0.048 0.000

Cl 0.000 0.000 0.000 0.000 0.000
TOTAL 98.886 98.498 98.200 98.394 99485

£ Sio2 0.000 0.000 0.022 0.006 0.000
< 8 TiO2 49.585 49.994 49.535 50.084 49.549
"g dc:: Nb205 0.000 0.000 0.000 0.000 0.000
o 3 Al203 0.022 0.051 0.049 0.037 0.000
= % Fe203 8.021 7.356 7.923 7.011 9.793
£8 FeO 38.753 37.786 37.263 37.869 36.762
=dg MnO 0.448 0.357 0.409 0.363 0.549
Z2g MgO 2.567 3.425 3.460 3.436 3.394
2 g CaQ 0.000 0.000 0.000 0.000 0.000
5 =2 V203 0.253 0.193 0.213 0176 0.290
T(-j; s Cr203 0.035 0.056 0.044 0.067 0.128
92 Q-"_ NiO 0.005 0.017 0.076 0.048 0.000
s Cl 0.000 0.000 0.000 0.000 0.000
& TOTAL 99.406 98.968 98.661 98.805 100.046

N Si 0.000 0.000 0.001 0.000 0.000
T‘Z Ti 1.860 1.871 1.859 1.877 1.835
E Nb 0.000 0.000 0.000 0.000 0.000
) Al 0.001 0.003 0.003 0.002 0.000
=F Fe(iii) 0.301 0.275 0.297 0.263 0.363
=3 Fef(ii) 1.616 1.572 1.555 1.578 1.514
%%’ Mn 0.019 0.015 0.017 0.015 0.023
g g Mg 0.191 0.254 0.257 0.255 0.249
5 % Ca 0.000 0.000 0.000 0.000 0.000
2w v 0.010 0.008 0.009 0.007 0.011
o Cr 0.001 0.002 0.002 0.003 0.005
'E Ni 0.000 0.001 0.003 0.002 0.000
E Cl 0.000 0.000 0.000 0.000 0.000
B TOTAL 3.989 3.990 3.990 3.990 3.9584
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limenite Concentrate limenite

SAMPLE ML-79 ML-79 ML-79 ML-79 ML-79
DESCRIPTION| Medium Gray Blocky Massive | Medium Gray Blocky Massive | Medium Gray Blocky Massive | Medium Gray Blocky Massive| Medium Gray Blocky Massive
NUMBER 9 9 10 10 10
LINE 86 87 88 89 90
REL. LINE 2 3 1 2 3
PHASE lImenite limenite lImenite limenite limenite
Si02 0.000 0.000 0.000 0.000 0.000
" TiO2 49.881 49.372 50.575 49.934 49.968
2 Nb205 0.000 0.000 0.000 0.000 0.000
E Al203 0.000 0.021 0.000 0.000 0.000
< FeO 45.635 45.672 45.837 45.567 45.699
% MnO 0413 0.423 0.468 0.450 0.422
. MgO 3.438 3.317 3.341 3173 3.197
CaO 0.000 0.000 0.000 0.000 0.000
V203 0.294 0.291 0.141 0.148 0.165
Cr203 0.071 0.081 0.040 0.060 0.065
NiO 0.000 0.023 0.000 0.000 0.000
Cl 0.000 0.000 0.000 0.000 0.000
TOTAL 99.731 99.200 100.401 99.333 99.515
T Si02 0.000 0.000 0.000 0.000 0.000
< 8 TiO2 49.881 49.372 50.575 49.934 49.968
"g' -15 Nb205 0.000 0.000 0.000 0.000 0.000
o 2 Al203 0.000 0.021 0.000 0.000 0.000
= j‘? Fe203 9.292 9.638 8.107 8.184 8.380
08 FeO 37.274 36.999 38.542 38.203 38.159
= d MnO 0.413 0.423 0.468 0.450 0.422
Z 5 MgO 3.438 3.317 3.341 3.173 3.197
° g CaO 0.000 0.000 0.000 0.000 0.000
5 = V203 0.294 0.291 0.141 0.149 0.165
3 - Cr203 0.071 0.081 0.040 0.060 0.065
§ Q NiO 0.000 0.023 0.000 0.000 0.000
= Cl 0.000 0.000 0.000 0.000 0.000
£ TOTAL 100.297 99.770 101.032 99.943 100.125
. Si 0.000 0.000 0.000 0.000 0.000
2 Ti 1.843 1.835 1.858 1.856 1.854
E Nb 0.000 0.000 0.000 0.000 0.000
g Al 0.000 0.001 0.000 0.000 0.000
=F Fe(iii) 0.343 0.358 0.298 0.304 0.311
=8 Felii) 1.531 1.529 1.574 1.579 1.574
% & Mn 0.017 0.018 0.019 0.019 0.018
g 8 Mg 0.252 0.244 0.243 0.234 0.235
= i; Ca 0.000 0.000 0.000 0.000 0.000
g © \4 0.012 0.012 0.006 0.006 0.007
ﬂ Cr 0.003 0.003 0.002 0.002 0.003
:E: Ni 0.000 0.001 0.000 0.000 0.000
E Cl 0.000 0.000 0.000 0.000 0.000
- TOTAL 3.986 3.985 3.993 3.992 3.991
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limenite Concentrate limenite

SAMPLE ML-79 ML-79 ML-79 ML-79
DESCRIPTION| Medium Gray Large Elongate Broken | Medium Gray Large Elongate Broken | Medium Gray Large Elongate Broken | Medium Gray Massive with Exsolution
NUMBER 11 11 11 12
LINE 91 92 93 94
REL. LINE 1 2 3 1
PHASE limenite |Imenite limenite limenite
Si02 0.000 0.008 0.015 0.000
@ TiO2 50.699 49.187 51.047 49.416
Ea Nb205 0.000 0.000 0.000 0.000
E Al203 0.000 0.019 0.000 0.000
o FeO 44172 44.818 43.764 46.005
% MnO 0.409 0.390 0.436 0.414
w MgQ 3.990 3.742 3.924 3.328
CalQ 0.000 0.000 0.000 0.000
V203 0218 0.341 0.150 0.259
Cr203 0.039 0.075 0.075 0.045
NiO 0.029 0.063 0.041 0.000
Cl 0.000 0.000 0.000 0.000
TOTAL 99.557 98.647 99.467 99.468
T Si02 0.000 0.006 0.015 0.000
< 8 TiO2 50.699 49.187 51.047 49.416
-‘g dg Nb205 0.000 0.000 0.000 0.000
2 2 Al203 0.000 0.019 0.000 0.000
= j‘? Fe203 7.597 9.5810 6.567 9.760
<8 FeO 37.335 35.991 37.854 37.223
=g MnO 0.409 0.390 0.436 0.414
28 MgO 3.990 3.742 3.924 3.328
° g Ca0 0.000 0.000 0.000 0.000
= 2 V203 0218 0.341 0.150 0.259
% - Cr203 0.039 0.075 0.075 0.045
9 Q NiO 0.029 0.063 0.041 0.000
= A Cl 0.000 0.000 0.000 0.000
£ TOTAL 100.031 99.144 99.842 100.141
N Si 0.000 0.000 0.001 0.000
- Ti 1.870 1.833 1.887 1.831
E Nb 0.000 0.000 0.000 0.000
g Al 0.000 0.001 0.000 0.000
s F Fefiii) 0.280 0.366 0.243 0.362
=8 Fe(ii) 1.531 1.491 1.555 1.533
% £ Mn 0.017 0.016 0.018 0.017
g 8 Mg 0.292 0.276 0.287 0.244
= i; Ca 0.000 0.000 0.000 0.000
Qv vV 0.009 0.014 0.006 0.010
@ Cr 0.002 0.003 0.003 0.002
’ﬂé) Ni 0.001 0.003 0.002 0.000
E Cl 0.000 0.000 0.000 0.000
B TOTAL 3.990 3.984 3.991 3.988
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llmenite Concentrate limenite

SAMPLE ML-79 ML-79 ML-79 ML-79
DESCRIPTION] Medium Gray Massive with Exsolution |Medium Gray Massive with Exsolution| Medium Gray Massive Elongate Medium Gray Massive Elongate

NUMBER 12 12 13 13

LINE 95 96 97 98

REL. LINE 2 3 1 2
PHASE lImenite limenite limenite limenite

Sio2 0.000 0.007 0.000 0.001
" TiO2 49.304 49.057 49,387 49.033
2 Nb205 0.000 0.000 0.000 0.000
5 Al203 0.019 0.000 0.000 0.000
< FeO 45.609 46.079 45,709 46.156
= MnO 0.435 0.463 0.410 0.436
w MgQ 3.212 3.172 3.435 3.327
Ca0 0.000 0.000 0.000 0.000

V203 0.243 0.220 0.196 0.250

Cr203 0.067 0.077 0.070 0.089

NiO 0.030 0.009 0.043 0.019

Cl 0.000 0.000 0.000 0.000
TOTAL 98.921 99.090 99.251 99.312

= Sio2 0.000 0.007 0.000 0.001
< 8 TiO2 49.304 49.057 49,387 49.033
"g -1; Nb205 0.000 0.000 0.000 0.000
2 3 Al203 0.019 0.000 0.000 0.000
= j‘; Fe203 9.247 9.912 9.546 10.440
<8 FeO 37.288 37.159 37.120 36.761
=d MnQ 0.435 0.463 0.410 0.436
2 MgO 3.212 3.172 3.435 3.327
o g CaQ 0.000 0.000 0.000 0.000
‘_g = V203 0.243 0.220 0.196 0.250
£ & Cr203 0.067 0.077 0.070 0.089
o 5-“1 NiO 0.030 0.009 0.043 0.019
=4 Cl 0.000 0.000 0.000 0.000
& TOTAL 99.506 99.769 99.898 99.999

N Si 0.000 0.000 0.000 0.000
¥ Ti 1.839 1.827 1.833 1.819
] Nb 0.000 0.000 0.000 0.000
g Al 0.001 0.000 0.000 0.000
=F Fe(iii) 0.345 0.369 0.354 0.388
=8 Fe(ii) 1.546 1.538 1.532 1.517
% £ Mn 0.018 0.019 0.017 0.018
g 8 Mg 0.238 0.234 0.253 0.245
= i; Ca 0.000 0.000 0.000 0.000
8w v 0.010 0.009 0.008 0.010
v Cr 0.003 0.003 0.003 0.003
E Ni 0.001 0.000 0.002 0.001
E Cl 0.000 0.000 0.000 0.000
B TOTAL 3.988 3.988 3.990 3.987
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llmenite Concentrate limenite

SAMPLE ML-79 ML-79 ML-79 ML-79
DESCRIPTION Medium Gray Massive Elongate Medium Gray Massive with Exsolution | Medium Gray Massive with Exsolution | Medium Gray Massive with Exsolution

NUMBER 13 14 14 14

LINE 99 100 101 102

REL. LINE 3 1 2 3
PHASE lImenite lImenite lImenite limenite
Sio2 0.293 0.000 0.000 0.000
P TiO2 49.225 49.288 48.697 48.704
B Nb205 0.000 0.000 0.000 0.000
E Al203 0.240 0.000 0.000 0.000
< FeO 45.713 45.805 45777 45.989
% MnO 0.436 0.405 0.406 0.388
“ MgO 3.256 3.246 3.208 3.249
CaO 0.000 0.000 0.000 0.000
V203 0.240 0.266 0.320 0.326
Cr203 0.064 0.096 0.095 0.107
NiO 0.003 0.022 0.045 0.044
Cl 0.000 0.000 0.000 0.000
TOTAL 99.804 99.128 98.549 98.806
£ Si02 0.293 0.000 0.000 0.000
< 8 TiO2 49.225 49.288 48.697 48.704
’g’ dc:; Nb205 0.000 0.000 0.000 0.000
2 2 Al203 0.240 0.000 0.000 0.000
= j‘; Fe203 9.117 9.675 10.333 10.674
8 FeO 37.509 37.098 36.478 36.384
e MnO 0.436 0.405 0.406 0.388
23 MgQ 3.256 3.246 3.208 3.249
o g CaO 0.000 0.000 0.000 0.000
52 V203 0.240 0.266 0.320 0.326
TL::: - Cr203 0.064 0.096 0.095 0.107
9 g-"_ NiO 0.003 0.022 0.045 0.044
=4 Cl 0.000 0.000 0.000 0.000
£ TOTAL 100.076 99.713 99.122 99.399
. Si 0.014 0.000 0.000 0.000
> Ti 1.822 1.834 1.823 1.818
< Nb 0.000 0.000 0.000 0.000
g Al 0.014 0.000 0.000 0.000
EE Fe(iii) 0.338 0.360 0.387 0.399
=38 Felii) 1.543 1.535 1.518 1.510
%%’ Mn 0.018 0.017 0.017 0.016
E 8 Mg 0.239 0.239 0.238 0.240
= i; Ca 0.000 0.000 0.000 0.000
Qo vV 0.009 0.011 0.013 0.013
o Cr 0.002 0.004 0.004 0.004
'E Ni 0.000 0.001 0.002 0.002
£ Cl 0.000 0.000 0.000 0.000
B TOTAL 3.988 3.986 3.983 3.983
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A4-74

limenite Concentrate limenite

SAMPLE ML-79 ML-79 ML-79
DESCRIPTION|Medium Gray Massive with Exsolution|Medium Gray Massive with Exsolution|Medium Gray Massive with Exsolution
NUMBER 16 16 16
LINE 106 107 108
REL. LINE 1 2 3
PHASE limenite |Imenite limenite
Sio2 0.000 0.000 0.000
" TiO2 48.584 48.741 48.720
2 Nb205 0.000 0.000 0.000
5 Al203 0.000 0.006 0.006
o FeO 46.943 46.886 47 181
% MnO 0.470 0.496 0.499
w MgO 2735 2.883 2.826
CaO 0.000 0.000 0.000
V203 0.326 0.261 0.286
Cr203 0.086 0.106 0.124
NiO 0.000 0.007 0.004
Cl 0.000 0.000 0.000
TOTAL 99.143 98.385 98 646
T Sio2 0.000 0.000 0.000
e 8 TiO2 48.584 48.741 48.720
-‘g dc:; Nb205 0.000 0.000 0.000
23 Al203 0.000 0.006 0.006
= g Fe203 10.864 10.820 11.197
&8 FeO 37167 37.150 37.106
ey MnO 0470 0.496 0.499
23 MgO 2735 2.883 2.826
o g CaO 0.000 0.000 0.000
® = V203 0.326 0.261 0.286
;E & Cr203 0.086 0.106 0.124
2 _-i'i NiO 0.000 0.007 0.004
=X Cl 0.000 0.000 0.000
& TOTAL 99.819 100.095 100.353
. Si 0.000 0.000 0.000
= Ti 1.814 1.813 1.808
5 Nb 0.000 0.000 0.000
) Al 0.000 0.000 0.000
= E Fediii) 0.406 0.403 0.416
= 3 Fedlii) 1.542 1.536 1.531
% £ Mn 0.020 0.021 0.021
g 8 Mg 0.202 0.213 0.208
= i; Ca 0.000 0.000 0.000
Qv vV 0.013 0.010 0.011
@ Cr 0.003 0.004 0.005
% Ni 0.000 0.000 0.000
E Cl 0.000 0.000 0.000
B TOTAL 3.9584 3.986 3.084
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A4-75

limenite Concentrate |Imenite

ML-79 ML-79
Medium Gray Massive with Exsolution|Medium Gray Massive with Exsolution|
16 16
107 108
2 3
limenite limenite
0.000 0.000
48.741 48.720
0.000 0.000
0.006 0.006
46.856 47.181
0.496 0.499
2.883 2.826
0.000 0.000
0.261 0.286
0.106 0.124
0.007 0.004
0.000 0.000
99.385 99.646
0.000 0.000
48.741 48.720
0.000 0.000
0.006 0.006
10.820 11.197
37.150 37.106
0.496 0.499
2.883 2.826
0.000 0.000
0.261 0.286
0.106 0.124
0.007 0.004
0.000 0.000
100.095 100.353
0.000 0.000
1.813 1.808
0.000 0.000
0.000 0.000
0.403 0.416
1.536 1.531
0.021 0.021
0.213 0.208
0.000 0.000
0.010 0.011
0.004 0.005
0.000 0.000
0.000 0.000
3.986 3.984
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A4-76

Imenite Concentrate Magnetite

SAMPLE MLE4-magnetite MLB4-magnetite NLEA-magnetite MLB4-magnetite MLE4-magnetite MLE-magnetite ML73-Magnetite exsolution
DESCRIPTION Lighter Gray Rounded Fragment | Lighter Gray Rounded Fragment | Lighter Gray Rounded Fragment | Lighter Gray Angular Fragment Lighter Gray Angular Fragment Lighter Gray Angular Fragment | Exsolution in Medium Gray Massive
NUMEER 12 12 12 13 13 13 15
LINE 64 65 66 67 68 63 103
REL. LINE 1 2 3 1 2 3 1
PHASE Magnetite Magnetite Magnetite Magnetite Magnetite Magnetite Megnetlte
" Sio2 0.067 0.102 0.120 0.000 0.027 0.007 0.728
g TiO2 0.770 0.801 0.508 0.984 0.963 1.031 2.507
7@ Al203 0.016 0.023 0.000 0.154 0.187 0.185 0.000
::; FeQ £83.956 89.653 89.322 86.445 86.752 86.387 B89.886
% MO 0.005 0.043 0.012 0.000 0.037 0.00L 1.283
B MgQ 0.124 0.144 0.134 0.012 0.000 0.000 0.405
V203 0.095 0.104 0.160 0.033 0.029 0.028 0.086
203 0.000 0.005 0.021 0.000 0.042 0.006 0.061
NIQ 0.060 0.058 0.082 0.022 0.000 0.000 0.000
d 0.047 0.032 0.000 0.000 0.000 0.013 0.000
Zn0 0.000 0.000 0.000 0.000 0.000 0.000 0.000
TOTAL 51.180 90.964 90.760 B87.654 BB.038 B7.665 54.955
Si02 0.067 0.102 0.120 0.000 0.027 0.007 0.728
kS Ti02 0.770 0.801 0.908 0.5384 0.863 1.031 2.507
% Nb205 0.000 0.000 0.000 0.000 0.000 0.000 0.000
o Al203 0.016 0.023 0.000 0.154 0.187 0.185 0.000
z Fe203 65.767 65.435 64.935 62.675 62.846 62.536 63.408
'§ FeQ 30.815 30.772 30.891 30.051 30.200 30.114 32.828
8 E MO 0.005 0.043 0.012 0.000 0.037 0.00L 1.283
£ 5] MgQ 0.124 0.144 0.134 0.012 0.000 0.000 0.405
:E:: tﬂ Ca0 0.000 0.000 0.000 0.000 0.000 0.000 0.000
% _g V203 0.095 0.104 0.160 0.033 0.029 0.028 0.086
Lz G203 0.000 0.005 0.021 0.000 0.042 0.006 0.061
g 5‘] NIQ 0.060 0.058 0.082 0.022 0.000 0.000 0.000
2 S ad 0.047 0.052 0.000 0.000 0.000 0.018 0.000
®E Zn0 0.000 0.000 0.000 0.000 0.000 0.000 0.000
o E’.: TOTAL S97.767 597.518 07.263 93.951 54.332 53.928 101.505
2 FORMULA 32 32 32 32 32 32 32
w BASIS B B B B B B B
k] 8 S FORMIUILA 0.021 0.032 0.038 0.000 0.009 0.002 0.219
% L:“ T FORMULA 0.182 0.130 0.216 0.242 0.236 0.254 0.569
E E Nb FORMULA 0.000 0.000 0.000 0.000 0.000 0.000 0.000
a Al FORMULA 0.006 0.008 0.000 0.059 0.072 0.07L1 0.000
% E Fe3+ FORMULA 15.563 15.520 15.447 15.447 15.420 15.407 14.388
.g - Fe2+ FORMUILA 8.104 8.111 B8.166 B8.231 8.235 8.245 B8.278
f} “@ Mn FORMULA 0.001 0.011 0.003 0.000 0.010 0.000 0.328
E T Iz FORMULA 0.058 0.068 0.063 0.006 0.000 0.000 0.182
¥ 8 Ca FORMULA 0.000 0.000 0.000 0.000 0.000 0.000 0.000
g S—: VFORMULA 0.024 0.026 0.041 0.009 0.008 0.007 0.021
W g Cr FORMULA 0.000 0.001 0.005 0.000 0.011 0.001 0.014
= j; Ni FORMULA 0.015 0.015 0.021 0.006 0.000 0.000 0.000
o Cl FORMULA 0.025 0.017 0.000 0.000 0.000 0.011 0.000
FORMULA 4 4 4 4 4 4 4
BASIS o o [#] o o [#] o
i S FORMILILA 0.003 0.004 0.005 0.000 0.001 0.000 0.027
‘; T FORMULA 0.023 0.024 0.027 0.030 0.030 0.032 0.071
§ " Nb FORMULA 0.000 0.000 0.000 0.000 0.000 0.000 0.000
=5 Al FORMULA 0.001 0.001 0.000 0.007 0.009 0.003 0.000
E g Fe3+ FORMLUILA 1.945 1.840 1.931 1.831 1.927 1.926 1.789
E ; Fe2+ FORMULA 1.013 1.014 1.021 1.029 1.029 1.031 1.035
.g g Mn FORMULA 0.000 0.001 0.000 0.000 0.001 0.000 0.041
b 8 Ivig FORMULA 0.007 0.008 0.008 0.001 0.000 0.000 0.023
.g Ca FORMULA 0.000 0.000 0.000 0.000 0.000 0.000 0.000
g VFORMULA 0.003 0.003 0.005 0.001 0.001 0.001 0.003
g Cr FORMULA 0.000 0.000 0.001 0.000 0.001 0.000 0.002
Ni FORMULA 0.002 0.002 0.003 0.001 0.000 0.000 0.000
Cl FORMULA 0.003 0.002 0.000 0.000 0.000 0.001 0.000
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A4-77

llmenite Concentrate Magnetite

SAMPLE ML70-Magnetite exsclution ML 75-Megnetite exsolution ML79-Magnetite grain boundary WL70-Magnetite grain boundary MIL73-Magnetite grain boundary
DESCRIPTION Exsolution in Medium Gray Massive Exsolution in Medium Gray Massive Light Gray Boundary on Med, Gray Massive Light Gray Boundary on Med. Gray Maszive Light Gray Boundary on Med. Gray Massive
NUMEER 15 15 17 17 17
LINE 104 105 1038 110 111
REL. LINE 2 3 1 2 3
PHASE Magnetite Magnetite Magnetite? Magnetitie? Magn etite
" Sio2 0.893 0.701 1171 1.767 0.852
< TiO2 2.622 3.864 2.539 5.772 5.387
E Al203 0.000 0.000 0.060 0.095 0.944
o FeQ 50.082 £89.214 76.484 75.017 72.613
% MnOQ 0.604 1.255 0.054 0.157 0.230
- MzQ 0.813 0.521 1.005 1.321 1.041
V203 0.081 0.077 0.125 0.080 0.848
G203 0.056 0.042 0.032 0.044 0.556
NIO 0.000 0.000 0.000 0.000 0.056
d 0.000 0.000 0.000 0.000 0.000
ZnQ 0.000 0.000 0.000 0.000 0.000
TOTAL 55.151 595.673 £1.571 £4.293 £2.768
Si02 0.893 0.701 1171 1.767 0.852
- TIO2 2.622 3.864 2.599 5.772 5.387
é Nb205 0.000 0.000 0.000 0.000 0.000
@ Al203 0.000 0.000 0.060 0.095 0.544
‘“E' Fe203 £3.141 £1.293 52.437 46.553 45.480
'§ FeQ 33.264 34.060 29.295 33.126 31.688
3 £ NMnO 0.604 1.255 0.054 0.157 0.230
% 8_ MgO 0.813 0.521 1.005 1.321 1.041
i “’a Ca0 0.000 0.000 0.000 0.000 0.000
% E V203 0.081 0.077 0.125 0.080 0.548
-] G203 0.056 0.042 0.032 0.044 0.556
E 3 NI 0.000 0.000 0.000 0.000 0.056
% g d 0.000 0.000 0.000 0.000 0.000
B £ ZnQ 0.000 0.000 0.000 0.000 0.000
o _‘% TOTAL 101474 101.812 B86.623 88.956 87.323
g FORMULA 32 32 32 32 32
v b EASIS 5] o 0 3 5]
5 E S FORMULA 0.268 0.210 0.408 0.596 0.327
g3 Ti FORMULA 0.5591 0.870 0.681 1.464 1.392
E E Nb FORMULA 0.000 0.000 0.000 0.000 0.000
a0y Al FORMULA 0.000 0.000 0.025 0.038 0.382
‘5 rg Fe3+ FORMULA 14.245 13.811 13.753 11810 11.757
E = Fe2+ FORMULA £.342 B8.529 8.539 9.339 9.103
TE _[.Lg Mn FORMULA 0.154 0.318 0.028 0.056 0.067
E T Mg F ORMULA 0.363 0.233 0.522 0.664 0.533
© 8 Ca FORMULA 0.000 0.000 0.000 0.000 0.000
g u‘é‘ Y FORMULA 0.018 0.019 0.035 0.022 0.261
w E Cr FORMULA 0.013 0.010 0.009 0.012 0.162
= i; Ni FORMULA 0.000 0.000 0.000 0.000 0.016
W Cl FORMULA 0.000 0.000 0.000 0.000 0.000
FORMULA 4 4 4 4 4
BASIS o] o 8] o s}
E Si FORMULA 0.033 0.026 0.051 0.074 0.041
B Ti FORMULA 0.074 0.109 0.085 0.183 0.174
é " Nb FORMULA 0.000 0.000 0.000 0.000 0.000
=5 Al FORMULA 0.000 0.000 0.003 0.005 0.048
g g Fe3+ FORMULA 1.781 1.726 1719 1476 1470
E E Fe2+ FORMULA 1.043 1.066 1.067 1.167 1.138
.; g Mn FORMULA 0.019 0.040 0.003 0.007 0.008
a E Mg F ORMULA 0.045 0.029 0.085 0.083 0.067
.;E Ca FORMULA 0.000 0.000 0.000 0.000 0.000
g Y FORMULA 0.002 0.002 0.004 0.003 0.033
g Cr FORMULA 0.002 0.001 0.001 0.001 0.020
Ni FORMULA 0.000 0.000 0.000 0.000 0.002
Cl FORMULA 0.000 0.000 0.000 0.000 0.000
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A4-78

||menite Concentrate Magnetite

SAMPLE ML73-Magnetite grain boundary ML79daznetite grain boundary ML73-Magnetite grain boundary ML79-Ti Magnetite? ML79-Ti Magnetite? ML73-Ti M agnetite?
DESCRIPTION Light Gray Boundary on Med. Gray Massive Light Gray Boundary on Med. Gray Massive Light Gray Boundary on Med. Gray Massive Light Gray Massive Blocky Light Gray Massive Blocky Light Gray Massive Blodey
NUMBER 18 18 18 19 15 15
LINE 112 113 114 115 116 117
REL. LINE 1 2 3 1 2 3
PHASE ? ? ? Magnetite Magn etite Magnetite
" Sro2 5.500 1.523 1.076 0.334 0.578 0.161
g TiO2 3.508 13.058 0.983 5.642 5.733 2.143
Z:“ Al203 0.336 0.000 0.027 0.217 0.237 0.616
o FeD 58.578 43.284 26.540 83.288 82.404 87.482
% MnO 0.315 0.321 0.100 0.045 0.056 0.071
- MgO 5.930 0.364 0.038 0.057 0.174 0.447
V203 0.120 0.144 0.018 1.150 1.222 13689
G203 0.067 0.007 0.012 1.252 1.139 1.182
NIiO 0.002 0.017 0.000 0.214 0.154 0.133
d 0.000 0.000 0.000 0.000 0.000 0.000
Zn0 0.000 0.000 0.000 0.000 0.000 0.000
TOTAL 78.155 58719 25.195 52.158 51.698 53.604
S102 9.300 1.523 1.076 0.334 0.578 0.161
- TiOo2 3.508 13.058 0.383 5.642 5.733 2.143
%u‘ Nb205 0.000 0.000 0.000 0.000 0.000 0.000
o Al203 0.336 0.000 0.027 0.217 0.237 0.616
_“é Fe203 30.073 12.645 16.844 52.856 51.809 61.186
'E FeQ 31.517 31.505 11.783 35.600 35.784 32.424
42 £ MnO 0.315 0.321 0.100 0.045 0.056 0.071
%— a MgO 5.930 0.364 0.038 0.057 0.174 0.447
::% “‘t‘a a0 0.000 0.000 0.000 0.000 0.000 0.000
% E V203 0.120 0.144 0.018 1.150 1.222 1.369
[ 203 0.067 0.007 0.012 1.252 1.139 1.182
-g 3 NIQ 0.002 0.017 0.000 0.214 0.154 0.133
E 5 d 0.000 0.000 0.000 0.000 0.000 0.000
TLB, £ n0 0.000 0.000 0.000 0.000 0.000 0.000
= L‘% TOTAL B81.167 59.986 30.882 97.496 96.887 99.732
g FORMULA 32 32 32 32 32 32
W@ BASIS 0 0 B 0 0 B
g E St FORMULA 3.1683 0.754 1.052 0.104 0.182 0.049
53 Ti FORMULA 0.897 4,861 0.723 1.328 1.355 0.493
:EL E Nb FORMULA 0.000 0.000 0.000 0.000 0.000 0.000
@y Al FORMULA 0.135 0.000 0.031 0.080 0.088 0.222
*Ej- nng Fe3+ FORMULA 7.685 4.710 12.395 12.457 12.248 14.073
E = Fe2+ FORMULA 8.962 13.205 9.636 9.340 5.401 8.287
5 E Wi FORMULA 0.091 0.135 0.083 0.012 0.015 0.018
E T Mg FORMULA 3.008 0.265 0.056 0.027 0.081 0.204
© g Ca FORMULA 0.000 0.000 0.000 0.000 0.000 0.000
E u‘s Y FORMULA 0.033 0.057 0.014 0.288 0.308 0.336
i 5 Cr FORMULA 0.018 0.003 0.009 0.310 0.283 0.285
= j; NI FORMULA 0.000 0.007 0.000 0.054 0.038 0.033
U] Cl FORMULA 0.000 0.000 0.000 0.000 0.000 0.000
FORMULA 4 4 4 4 4 4
o BASIS o Q =] [*] o Q
s Si FORMULA 0.355 0.084 0.132 0.013 0.023 0.006
= Ti FORMULA 0.112 0.608 0.050 0.166 0.168 0.062
ﬁ " Nb FORMULA 0.000 0.000 0.000 0.000 0.000 0.000
=5 Al FORM ULA 0.017 0.000 0.004 0.010 0.011 0.028
E %ﬂ' Fe3+ FORMULA 0.962 0.589 1.549 1.557 1.551 L.759
2 5 Fe2+ FORMULA 1.120 1.651 1.205 1.168 1.175 1.036
E E M FORMULA 0.011 0.017 0.010 0.002 0.002 0.002
b B Mg FORMULA 0.376 0.034 0.007 0.003 0.010 0.025
-E Ca FORMULA 0.000 0.000 0.000 0.000 0.000 0.000
g Y FORMULA 0.004 0.007 0.002 0.036 0.038 0.042
g Cr FORMULA 0.002 0.000 0.001 0.039 0.035 0.036
Ni FORMULA 0.000 0.001 0.000 0.007 0.005 0.004
Cl FORMULA 0.000 0.000 0.000 0.000 0.000 0.000
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A4-79

llmenite Concentrate Magnetite

SAMPLE ML79-Ti Magnetite? ML73-Ti Magnetite? ML79-Ti Magnetite? ML79-Ti Magnhetite? ML79-Ti Magnetite? ML79-Ti Magnetite? ML79-Ti Magnetite?
DESCRIPTION Light Gray Massive Broken Light Gray Massive Broken Light Gray Mass/ve Broken Light Gray Massive Light Gray Massive Light Gray Massive Light Gray Massive
NUMBER 20 20 20 21 21 21 22
LINE 118 115 120 121 122 123 124
REL. LINE 1 2 3 1 2 3 1
PHASE Magnetite Magnetite Magnetite Magnetite Magnetite Magnetite Magnetite
" Sio2 0.000 0.004 0.036 0.000 0.007 0.032 1.356
2 TiO2 3.276 2.511 2.641 6.209 4.064 5.279 1.258
T:U Al203 0.896 0.641 0.720 1.010 0.878 2.865 0.305
::; FeQ 85.468 86.1596 85.316 82.528 85.580 82.985 61.510
% MnO 0.073 0.040 0.096 0.186 0.154 0.184 0.0%0
= MgO 0.506 0.401 0.432 0.711 0.536 1.280 1.917
V203 2.224 2.267 2.094 2188 1.964 2.005 0.812
G203 1.352 1.375 1.303 1.358 1.320 1361 0.050
N0 0.134 0.179 0.157 0.126 0.117 0.135 0.072
d 0.000 0.000 0.000 0.000 0.000 0.000 0.000
File) 0.000 0.000 0.000 0.000 0.000 0.000 0.000
TOTAL 93.935 93.615 52.795 54.318 594.620 56.234 67.049
Si02 0.000 0.004 0.036 0.000 0.007 0.032 1.356
- Ti02 3.276 2.511 2.641 6.209 4.064 5.273 1.258
% Nb205 0.000 0.000 0.000 0.000 0.000 0.000 0.000
o Al203 0.896 0.641 0.720 1.010 0.878 2.865 0.305
i Fe203 58.047 55.572 58.803 52.257 57.264 53.550 43,611
% FeO 33.235 32.580 32.402 35.506 34.052 34.762 22.267
@ £ MnO 0.075 0.040 0.096 0.186 0.154 0.184 0.050
% 8_ MgO 0.506 0.401 0.432 0.711 0.536 1.290 1.917
Z § Ca0 0.000 0.000 0.000 0.000 0.000 0.000 0.000
g g V203 2.224 2.267 2.054 2.188 1.964 2.005 0.812
[T G203 1.352 1.375 1.303 1.358 1.320 1.361 0.050
g :)E NIO 0.134 0.173 0.157 0.126 0.117 0.135 0.072
E é o] 0.000 0.000 0.000 0.000 0.000 0.000 0.000
'’ E Zn0 0.000 0.000 0.000 0.000 0.000 0.000 0.000
o _‘?L_ TOTAL 99.748 99.581 o8.684 99.552 100.355 101601 71817
2 FORMU LA 32 32 32 32 32 32 32
w B BASIS 0 B 0 B 0 0 B
= 8 Si FORMULA 0.000 0.001 0.011 0.000 0.002 0.008 0.563
% l_; Ti FORMULA 0.751 0.578 0.613 1418 0.525 1.166 0.405
;._ g Nb FORMULA 0.000 0.000 0.000 0.000 0.000 0.000 0.000
ay Al FORMULA 0.322 0.231 0.262 0.362 0.313 1.026 0.149
g ‘g Fe3+ FORMULA 13.508 13.721 13.654 11.943 13.040 11.837 13.616
g = Fe2+ FORMULA 8468 8.342 8.361 5.018 B8.617 8.533 776
E ﬁ Mn FORMULA 0.020 0.010 0.025 0.048 0.040 0.046 0.032
% T Mz FORMULA 0.230 0.183 0.155 0.322 0.242 0.564 1.185
v 8 Ca FORMULA 0.000 0.000 0.000 0.000 0.000 0.000 0.000
@ “‘g VFORMULA 0.543 0.556 0.518 0.533 0.476 0.472 0.270
w § Cr FORMULA 0.326 0.333 0.318 0.326 0.316 0.516 0.029
2 % Ni FORMULA 0.033 0.044 0.03% 0.031 0.028 0.032 0.024
0 Cl FORMULA 0.000 0.000 0.000 0.000 0.000 0.000 0.000
FORMULA 4 4 4 4 4 4 4
- BASIS [o} O Q O [o} Q [s]
s Si FORMULA 0.000 0.000 0.001 0.000 0.000 0.001 0.070
5 Ti FORMULA 0.054 0.072 0.077 0.177 0.116 0.146 0.051
J@ " Nk FORMULA 0.000 0.000 0.000 0.000 0.000 0.000 0.000
=5 Al FORMULA 0.040 0.029 0.033 0.045 0.03% 0.128 0.015
g g Fe3+ FORMULA 1.665 1.715 1.707 1.453 1.630 1.480 1.702
g ; Fe2+ FORMULA 1.058 1.043 1.045 1127 1.077 1.067 0.966
.g g Mn FORMULA 0.003 0.001 0.003 0.006 0.005 0.006 0.004
» K Mg FORMULA 0.029 0.023 0.025 0.040 0.030 0.071 0.148
.% Ca FORMULA 0.000 0.000 0.000 0.000 0.000 0.000 0.000
¢ V FORMULA 0.068 0.070 0.065 0.067 0.060 0.055 0.034
g Cr FORMULA 0.041 0.042 0.040 0.041 0.038 0.038 0.004
NI FORMULA 0.004 0.006 0.005 0.004 0.004 0.004 0.003
Cl FORMULA 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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A4-80

lImenite Concentrate Magnetite

SAMPLE ML73-Ti Magnetite? ML79-Ti Magnetite? ML79-Magnetite ML75-Magnetite ML79-Magnetite ML7S-Magnetite ML79-Magnetite
DESCRIPTION Light Gray Massive Light Gray Massive Light Gray Massive Broken Light Gray Massive Broken Light Gray Massive Broken Light Gray Massive Light Gray Massive
NUMBER 22 22 23 23 23 24 24
LINE 125 126 127 128 129 130 131
REL. LINE 2 3 1 2 3 1 2
PHASE Magnetite Magnetite Magnetite Magnetite Magnetite Magn etite Magnetite
" Sio2 0.346 1.567 0.732 0.678 1.055 0.377 0.466
= TiO2 3.158 4.040 1.053 1.289 0.527 1765 1.500
2 Al203 0.553 0.500 0.000 0.070 0.063 0.000 0.000
:é FeQ 83.193 82.357 591.890 90.466 91.126 91.241 50.841
% MnO 0.082 0.081 0.000 0.030 0.014 0.653 0.681
- Mg 0.530 0.339 0.000 0.080 0.012 0.168 0.181
V203 1.554 1.811 0.052 0.079 0.074 0.043 0.056
203 1.3593 1.668 0.042 0.057 0.051 0.030 0.009
NIO 0.084 0.104 0.000 0.000 0.000 0.000 0.000
d 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Zn0 0.000 0.000 0.000 0.000 0.000 0.000 0.000
TOTAL 50.542 52.867 53.850 52.735 93.303 54.281 53.734
Sio2 0.346 1.567 0.732 0.678 1.055 0.377 0.466
& Ti02 3.198 4.040 1.033 1,299 0.327 1.763 1.500
_\-1-:1_ Nb205 0.000 0.000 0.000 0.000 0.000 0.000 0.000
o Al203 0.553 0.800 0.000 0.070 0.063 0.000 0.000
; Fe203 56.259 51.740 65.276 64.141 64.362 £5.255 £65.203
'E FeQ 32.568 35.800 33.152 32.748 33.210 32.518 32.169
@ E MnO 0.082 0.081 0.000 0.030 0.014 0.653 0.681
El g MgO 0.530 0.339 0.000 0.080 0.012 0.168 0.181
é ta Ca0 0.000 0.000 0.000 0.000 0.000 0.000 0.000
g g V203 1.554 1.811 0.052 0.079 0.074 0.043 0.056
[ 203 1.353 1.668 0.042 0.037 0.031 0.030 0.009
:i Lu; NIO 0.084 0.104 0.000 0.000 0.000 0.000 0.000
3 g d 0.000 0.000 0.000 0.000 0.000 0.000 0.000
T‘S £ Figle) 0.000 0.000 0.000 0.000 0.000 0.000 0.000
o .‘% TOTAL 96.577 98.045 100.387 99.163 99745 100.817 100.264
2 FORMULA 32 32 32 32 32 32 32
w B BASIS 0 0 B 0 0 B 0
R STFORMULA 0.108 0.482 0.224 0.210 0.324 0.115 0.143
% [_; Ti FORMULA 0.757 0.836 0.251 0.302 0.214 0.405 0.345
é g Nb FORMULA 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2.5 Al FORMULA 0.205 0.326 0.000 0.025 0.023 0.000 0.000
% E Fe3+ FORMULA 13.324 11.585 15.017 14.923 14.875 14.943 15.009
.g = Fe2+ FORMULA 8.572 9.216 8475 8.467 8.529 8.275 8.229
g E n FORMULA 0.022 0.021 0.000 0.008 0.004 0.168 0.176
E T Mg FORMULA 0.249 0.155 0.000 0.037 0.005 0.076 0.083
® 8 Ca FORMULA 0.000 0.000 0.000 0.000 0.000 0.000 0.000
g g‘ YV FORMULA 0.352 0.447 0.023 0.020 0.018 0.010 0.014
w g Cr FORMULA 0.347 0.406 0.010 0.009 0.008 0.007 0.002
= § Ni FORMULA 0.024 0.026 0.000 0.000 0.000 0.000 0.000
o Cl FORMULA 0.000 0.000 0.000 0.000 0.000 0.000 0.000
FORMULA 4 4 4 4 4 4 4
- BASIS 0 o [o] [o] [o] o] 0
s ST FORMU LA 0.014 0.060 0.028 0.026 0.041 0.014 0.018
3 Ti FORMULA 0.085 0.117 0.031 0.038 0.027 0.051 0.043
é " Nb FORMULA 0.000 0.000 0.000 0.000 0.000 0.000 0.000
=5 Al FORMULA 0.026 0.041 0.000 0.003 0.003 0.000 0.000
g g Fe3+ FORMULA 1.666 1.458 1.877 1.865 1.855 1.868 1.876
:g i‘: Fe2+ FORMULA 1.071 1.152 1.058 1.058 1.066 1.034 1.023
.‘g E Mn FORMULA 0.003 0.003 0.000 0.001 0.000 0.021 0.022
@ & g FORMULA 0.031 0.019 0.000 0.005 0.001 0.010 0.010
.*E Ca FORMULA 0.000 0.000 0.000 0.000 0.000 0.000 0.000
g Y FORMULA 0.049 0.056 0.003 0.002 0.002 0.001 0.002
g Cr FORMULA 0.043 0.051 0.001 0.001 0.001 0.001 0.000
Ni FORMULA 0.003 0.003 0.000 0.000 0.000 0.000 0.000
Cl FORMULA 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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A4-81

llmenite Concentrate Mz

gnetite

SAMPLE ML79-Maghetite ML754 apnetite ML79-Magnhetite ML73-Magnetite ML73-Magnetite ML73-Magnetite ML73 agnetite
DESCRIPTION Light Gray Massive Light Gray Massive Light Gray Massive Light Gray Massive Light Gray Massve Broken Light Gray Massive Broken Light Gray Massive Broken
NUMEER 24 25 25 25 26 26 26
LINE 132 133 134 135 136 137 138
REL. LINE 3 1 2 3 1 2 3
PHASE Magnetite Magnetite Megnetite Meagnetite Meagnetite Magnetite Magnetite
w Si02 0.421 0.172 0.375 0.200 0.389 2.984 1.370
£ TiO2 1.899 1.039 1.048 1.003 0.773 0.843 0.882
::::“ Al203 0.000 0.000 0.022 0.000 0.051 0.576 0.000
o FeQ 91.094 SL.EEE 91.907 52.247 52,660 B6.673 £7.620
% MnO 0.668 0.660 0.278 0.659 0.245 0.211 0.115
- MgO 0.177 0.307 0.415 0.316 0.245 0.154 1.424
V203 0.043 0.065 0.076 0.076 0.064 0.069 0.069
Cr203 0.000 0.034 0.060 0.001 0.030 0.048 0.013
NiO 0.000 0.000 0.000 0.034 0.000 0.000 0.000
d 0.000 0.000 0.000 0.000 0.000 0.000 0.000
ZnQ 0.000 0.000 0.000 0.000 0.000 0.000 0.000
TOTAL 54.308 54.145 54,181 54,535 54,457 51601 51.494
Sig2 0.421 0.172 0.375 0.200 0.383 2.984 1.370
- TiO2 1.883 1.033 1.046 1.003 0.773 0.843 0.882
::J Nb205 0.000 0.000 0.000 0.000 0.000 0.000 0.000
ﬁ Al203 0.000 0.000 0.022 0.000 0.051 0.576 0.000
i Fe203 64.530 67.238 66.729 67.55% 67.377 57.874 63.251
'§ FeO 32.667 31.364 31.861 31.454 32.031 34.585 30.705
% E MnOQ 0.668 0.660 0.275 0.659 0.245 0.211 0.115
= 8 MgQ 0.177 0.307 0.415 0.316 0.245 0.194 1.424
Z 5 Ca0 0.000 0.000 0.000 0.000 0.000 0.000 0.000
§ § V203 0.048 0.065 0.076 0.076 0.064 0.069 0.069
E % Cr203 0.000 0.034 0.060 0.001 0.030 0.048 0.013
E 5:1 NiO 0.000 0.000 0.000 0.034 0.000 0.000 0.000
2 S d 0.000 0.000 0.000 0.000 0.000 0.000 0.000
T L Zn0 0.000 0.000 0.000 0.000 0.000 0.000 0.000
= i’.; TOTAL 100.811 100.875 100.864 101301 101.205 57.357 597.829
2 FORMULA 32 32 32 32 32 32 32
w @ BASIS 0 0 0 0 0 0 0
5 E Si FORMULA 0.128 0.052 0.114 0.061 0.118 0.926 0.424
33 Ti FORMULA 0.434 0.238 0.239 0.229 0.176 0.197 0.205
;EL E Nb FORMULA 0.000 0.000 0.000 0.000 0.000 0.000 0.000
20 Al FORMULA 0.000 0.000 0.008 0.000 0.018 0.211 0.000
*E E Fe3+ FORMULA 14.863 15.356 15.253 15.403 15.371 13.514 14.722
.g T Fe2+ FORMULA 8.310 7.581 8.093 7.569 8.121 B8.977 7.542
5 E M FORMULA 0.172 0.170 0.072 0.169 0.063 0.056 0.030
E T Vg FORMULA 0.080 0.139 0.188 0.143 0.111 0.050 0.657
] Ca FORMULA 0.000 0.000 0.000 0.000 0.000 0.000 0.000
E & W FORMULA 0.012 0.016 0.018 0.018 0.015 0.017 0.017
Ed § Cr FORMULA 0.000 0.008 0.015 0.000 0.007 0.012 0.003
= % NI FORMULA 0.000 0.000 0.000 0.008 0.000 0.000 0.000
4] Cl FORMULA 0.000 0.000 0.000 0.000 0.000 0.000 0.000
FORMULA 4 4 4 4 4 4 4
= BASIS Q o] o] o] o] Q o]
S Si FORMULA 0.016 0.007 0.014 0.008 0.015 0.116 0.053
° Ti FORMULA 0.054 0.030 0.030 0.029 0.022 0.025 0.026
E " Nb FORMULA 0.000 0.000 0.000 0.000 0.000 0.000 0.000
=5 Al FORMULA 0.000 0.000 0.001 0.000 0.002 0.026 0.000
E g Fe3+ FORMLUILA 1.858 1.924 1807 1.925 1.921 1.689 1.840
E ; Fe2+ FORMULA 1.033 0.998 1.012 0.956 1.015 1.122 0.993
.g E M FORMULA 0.022 0.021 0.009 0.021 0.008 0.007 0.004
n E Vg FORM ULA 0.010 0.017 0.023 0.018 0.014 0.011 0.082
.E Ca FORMULA 0.000 0.000 0.000 0.000 0.000 0.000 0.000
g W FORMULA 0.002 0.002 0.002 0.002 0.002 0.002 0.002
g Cr FORMULA 0.000 0.001 0.002 0.000 0.001 0.001 0.000
NI FORMULA 0.000 0.000 0.000 0.001 0.000 0.000 0.000
C| FORMULA 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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A4-82

llmenite Concentrate Magnetite

SAMPLE ML79-Magnetite ML754M sgretite ML79-Magnetite ML79-V Magn etite? ML73-V Magnetite? ML79-¥ Magnetite?
DESCRIPTION Light Gray Massive Broken Light Gray Massive Broken Light Gray Massive Broken Light Gray Massive Broken Light Gray Massive Broken Light Gray Massive Broken
NUMEER 27 27 27 28 28 28
LINE 139 140 141 142 143 144
REL. LINE 1 2 3 1 2 3
PHASE Magnetite Magnetite ? Magnetite Magnetite Magnetite
" Sio2 0.101 0.384 6.753 0.001 1.160 1.196
I TiO2 1.257 1.425 1.115 5.013 4.629 5.034
Tg Al203 0.000 0.000 0.743 1.573 1.747 1.923
: FeQ 91.805 5914591 £8.452 83.005 BL.538 £80.786
% MnO 0.040 0.028 0.071 0.214 0.188 0.182
= MgO 0.056 0.117 6.484 0.474 0.357 0.450
Y203 0.417 0.443 0.182 2.405 2418 2.370
Cr203 0.085 0.083 0.146 1.567 1.537 1.518
NiO 0.013 0.033 0.043 0.160 0.151 0.177
d 0.000 0.000 0.000 0.000 0.000 0.000
n0 0.000 0.000 0.000 0.000 0.000 0.000
TOTAL 93.823 94.006 103.993 94.418 93.724 93.643
Sio2 0.101 0.384 6.753 0.001 1.160 1.196
& TiO2 1.257 1.425 1.115 5.013 4.629 5.034
.I-i Nb205 0.000 0.000 0.000 0.000 0.000 0.000
r‘é Al203 0.000 0.000 0.743 1.573 1.747 1.529
; Fel03 £6.150 £5.215 £0.229 53.487 50.553 45.500
'§ FeQ 32.280 32.808 34.255 34.875 36.012 36.244
2 £ MnO 0.040 0.028 0.071 0.214 0.188 0.182
% 8_ MgO 0.0596 0.117 6.484 0.474 0.357 0.450
::CC “:';\ Ca0 0.000 0.000 0.000 0.000 0.000 0.000
o 2 V203 0.417 0.443 0.182 2.405 2418 2.370
E % Cr203 0.095 0.083 0.146 1.567 1.537 1.519
g af Nio 0.018 0.033 0.045 0.180 0.151 0.177
E 5 d 0.000 0.000 0.000 0.000 0.000 0.000
Tg g Figle} 0.000 0.000 0.000 0.000 0.000 0.000
& & TOTAL 100.454 100.557 110.025 99.775 58751 SB.601
2 FORMULA 32 32 32 32 32 32
o B BASIS 0 B B 0 B 3
K] 5 Si FORMIULA 0.031 0.117 1.753 0.000 0.353 0.364
% L:y“ Ti FORMULA 00.289 0.327 0.218 1.142 1.060 1.152
E E Nb FORMULA 0.000 0.000 0.000 0.000 0.000 0.000
e q Al FORMULA 0.000 0.000 0.227 0.564 0.627 0.692
g g Fe3+FORMULA 15.234 14.982 11.764 12.192 11.587 11.333
g z Fe2+ FORMULA £.262 8.376 7435 £.834 S.166 5.222
:{; ﬁ Mn FORMULA 0.010 0.008 0.016 0.055 0.048 0.047
E T Mg FORM ULA 0.044 0.053 2.509 0.214 0.162 0.204
o g Ca FORMULA 0.000 0.000 0.000 0.000 0.000 0.000
E u‘é VFORMULA 0.102 0.108 0.038 0.584 0.550 0.578
W E Cr FORMIULA 0.023 0.020 0.030 0.575 0.370 0.365
= NI FORMULA 0.005 0.008 0.010 0.038 0.037 0.043
g Cl FORMULA 0.000 0.000 0.000 0.000 0.000 0.000
FORMULA 4 4 4 4 4 4
BASIS 8] o o 8] o s]
Té Si FORMIULA 0.004 0.015 0.219 0.000 0.044 0.045
13 Ti FORMULA 0.036 0.041 0.027 0.143 0.132 0.144
o Nb FORMULA 0.000 0.000 0.000 0.000 0.000 0.000
;- ﬂ% Al FORMULA 0.000 0.000 0.028 0.070 0.078 0.086
g g Fe3+ FORMULA 1504 1.573 1471 1.524 1.448 1417
2 E Fe2+ FORMULA 1.033 1.047 0.529 1.104 1.146 1.153
-%EJ E Mn FORMULA 0.001 0.001 0.002 0.007 0.006 0.006
bl :@ Mg FORMULA 0.005 0.007 0.314 0.027 0.020 0.026
.g Ca FORMULA 0.000 0.000 0.000 0.000 0.000 0.000
g V FORMULA 0.013 0.014 0.005 0.073 0.074 0.072
g Cr FORMULA 0.003 0.003 0.004 0.047 0.046 0.046
NI FORMULA 0.001 0.001 0.001 0.005 0.005 0.005
Cl FORMULA 0.000 0.000 0.000 0.000 0.000 0.000
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A4-83

Concentrate Pyroxenes

SAMPLE ML64-silicate | ML64-silicate | ML64-silicate ML79-Augite ML79-Augite ML79-Augite
DESCRIPTION [Dark Grey Chip|Dark Grey Chip|Dark Grey Chip|Medium Gray ElongatgMedium Gray Elongate]Medium Gray Elongate
NUMBER 10 10 10 33 33 33
LINE 58 59 60 157 158 159
REL. LINE 1 2 3 1 2 3
PHASE Augite Augite Augite Augite Augite Augite
Sio2 49.821 49.716 49.205 49.825 50514 51.063
Tio2 1.788 1.748 1.710 1.462 1.441 1.455
Al203 3.223 3.157 4211 3.553 3.606 3.578
Cr203 0.038 0.034 0.038 0.037 0.087 0.038
-2 FeO 8.932 8.927 8.693 2.070 9.422 2.472
% NiO 0.036 0.001 0.017 0.000 0.004 0.006
b3 MnO 0.166 0.132 0.229 0.143 0.186 0.207
= MgO 13.801 14.177 13.680 14.387 14372 14.492
E Ca0 21.468 21.480 21.049 21.853 21.843 21.785
Naz20 0301 0.294 0.289 0314 0.274 0.274
K20 0.000 0.000 0.005 0.000 0.000 0.001
Cl 0.000 0.009 0.000 0.000 0.000 0.000
TOTAL 99.575 S99.674 99.127 100.645 101.747 102.371
© Si_FORMULA 1.875 1.869 1.856 1.858 1.863 1.870
g Ti_FORMULA 0.051 0.04%9 0.049 0.041 0.040 0.040
5 Al_FORMULA 0.143 0.140 0.187 0.156 0.157 0.154
© Cr_FORMULA 0.001 0.001 0.001 0.001 0.003 0.001
5 " Fe2+_ FORMULA 0.281 0.281 0.274 0.283 0.291 0.290
g gfi) Ni_FORMULA 0.001 0.000 0.001 0.000 0.000 0.000
8 & Mn_FORMULA 0.005 0.004 0.007 0.005 0.006 0.006
% ° Mg_FORMULA 0.774 0.795 0.769 0.800 0.790 0.791
g Ca_FORMULA 0.866 0.865 0.851 0.873 0.863 0.855
% Na_FORMULA 0.005 0.005 0.005 0.006 0.005 0.005
I} K_FORMULA 0.000 0.000 0.000 0.000 0.000 0.000
@ Cl_FORMULA 0.000 0.000 0.000 0.000 0.000 0.000
T-Site 2.070 2.060 2.093 2.056 2.062 2.065
M-Site 1933 1.950 1.908 1.966 1.955 1.947
Per Klein and | Per Klein and | Per Klein and | Per Klein and Hurlbut, | Per Klein and Hurlbut, | Per Klein and Hurlbut,
Method Hurlbut, 1999 | Hurlbut, 1999 | Hurlbut, 1999 1999 1999 1999
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A4-84

Concentrate Pyroxenes

SAMPLE ML79-Augite ML79-Augite
DESCRIPTION |Medium Gray Elongate|lMedium Gray Elongate
NUMBER 34 34
LINE 160 161
REL. LINE 1 2
PHASE Bad Analysis Augite
Si02 35.029 50.685
Tio2 1.371 1.019
Al203 2.567 2.255
Cr203 0.034 0.038
- FeO 18.398 9.242
= NiO 0.022 0.009
< MnO 0.138 0.124
= MgO 11.782 14.628
% CaO 16.506 22.515
Naz20 0.245 0.196
K20 0.001 0.006
cl 0.000 0.000
TOTAL 86.083 100.718
© Si_FORMULA 1.647 1.891
E Ti_FORMULA 0.048 0.029
5 Al_FORMULA 0.142 0.09¢9
© Cr_FORMULA 0.001 0.001
& " Fe2+ FORMULA 0.723 0.288
ki g Ni_FORMULA 0.001 0.000
3z Mn_FORMULA 0.005 0.004
% ° Mg_FORMULA 0.826 0.814
g Ca_FORMULA 0.832 0.900
lg Na_FORMULA 0.006 0.004
o K_FORMULA 0.000 0.000
< Cl_FORMULA 0.000 0.000
T-Site 1.839 2.020
M-Site 2.393 2.010
Per Klein and Hurlbut, | Per Klein and Hurlbut,
Method 1999 1999
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A4-85

Concentrate Serpentine

Serpentine_Calc_PRO2.XLS

Serpentine_Calc_PRO2.XLS

Serpentine_Calc_PRO2.XLS

SAMPLE ML64-silicate ML64-silicate VIL64-silicate ML64-silicate
DESCRIPTION Dark Gray Hexagonal Fragment | Dark Gray Hexagonal Fragment | Dark Gray Hexagonal Fragment Dark Gray Elongate Fragment
NUWMBER 8 8 8 9
LINE 52 53 54 55
REL. LINE 1 2 3 1
PHASE Antigorite Antigorite Antigorite Antigorite
Si02 38.858 39.466 38.535 41.065
TiO2 0.300 0.298 0.292 0.377
Al203 0.046 0.017 0.029 0.134
Cr203 0.000 0.000 0.025 0.001
FeO 15.814 13.498 12.549 11.049
NiQ 0.185 0.186 0.164 0.201
MnO 0.046 0.061 0.054 0.116
MgO 29.167 31.693 32.686 31.150
@ Ca0 0.167 0.124 0.109 0.124
%‘ Naz20 0.011 0.006 0.000 0.003
b K20 0.000 0.000 0.000 0.009
= Cl 0.147 0.174 0.092 0.035
E TOTAL 84.741 85,521 84.533 84.265
Si_FORMULA 2.006 1.994 1.965 2.067
o Ti_FORMULA 0.012 0.011 0.011 0.014
é Al_FORMULA 0.003 0.001 0.002 0.008
2 Cr_FORMULA 0.000 0.000 0.001 0.000
'Z Fe2+ FORMULA 0.683 0.570 0.535 0.465
8 Ni_FORMULA 0.008 0.008 0.007 0.008
% Mn_FORMULA 0.002 0.003 0.002 0.005
';. Mg_FORMULA 2.245 2.387 2.485 2.337
o Ca_FORMULA 0.009 0.007 0.006 0.007
_E @ Na_FORMULA 0.000 0.000 0.000 0.000
S W K_FORMULA 0.000 0.000 0.000 0.000
§ § CI_FORMULA 0.000 0.000 0.000 0.000
Antigorite % 76.480 80.512 82.099 83.164
Greenalite % 23.258 19.234 17.679 16.546
Garnierite % 0.262 0.255 0.222 0.290
GabbroSoft 2011, MICACALC.XLS | GabbroSoft 2011, MICACALC.XLS | GabbroSoft 2011, MICACALC.XLS | GabbroSoft 2011, MICACALC.XLS
Method Modified to Modified to Modified to Modified to

Serpentine_Calc_PRO2.XLS
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A4-86

Concentrate Serpentine

SAMPLE ML64-silicate MLGE4-silicate ML64-silicate VL64-silicate MLE4-silicate
DESCRIPTION |Dark Gray Elongate Fragment|Dark Gray Elongate Fragment Medium-Gray Chip Medium-Gray Chip Medium-Gray Chip
NUMBER 9 9 11 11 11
LINE 56 57 61 62 63
REL. LINE 2 3 1 2 3
PHASE Antigorite Antigorite Bad Analysis Bad Analysis Bad Analysis
Si02 40.756 40.973 36.516 38.032 37.008
TiO2 0.395 0.468 0.926 2.832 0.877
Al203 0.143 0.144 0.129 0.077 0.209
Cr203 0.015 0.000 0.004 0.009 0.000
FeO 11.214 11.393 14.251 17.672 13.162
NiO 0.187 0.165 0.062 0.070 0.089
MnQ 0.126 0.141 0.098 0.100 0.066
MgC 31.970 31.427 1.449 0.751 1.829
@ CaC 0.110 0.142 0.811 0.569 1.000
%‘ Na2C 0.000 0.000 0.014 0.020 0.027
£ K20 0.000 0.000 0.018 0.008 0.010
= Cl 0.055 0.035 0.062 0.070 0.041
E TOTAL 84971 84.838 54339 60.211 54.319
Si_FORMULA 2.040 2.052 2.845 2.738 2.855
© Ti_FORMULA 0.015 0.018 0.054 0.153 0.051
g Al_FORMULA 0.008 0.009 0.012 0.007 0.019
L Cr_FORMULA 0.001 0.000 0.000 0.001 0.000
r-; Fe2+ FORMULA 0.469 0.477 0.928 1.064 0.849
3 Ni_FORMULA 0.008 0.007 0.004 0.004 0.006
% Mn_FORMULA 0.005 0.006 0.006 0.006 0.004
'g. Mg_FORMULA 2.385 2.347 0.168 0.081 0.210
@ Ca_FORMULA 0.006 0.008 0.068 0.044 0.083
_E 2 Na_FORMULA 0.000 0.000 0.001 0.001 0.001
% g%n K_FORMULA 0.000 0.000 0.000 0.000 0.000
n o Cl_FORMULA 0.000 0.000 0.000 0.000 0.000
Antigorite % 83.340 82.907 15.293 7.020 19.749
Greenalite % 16.397 16.858 84 354 92.627 79.731
Garnierite % 0.263 0.235 0.353 0.353 0.521
GabbroSoft 2011, GabbroSoft 2011, GabbroSoft 2011, GabbroSoft 2011, GabbroSoft 2011,
Method MICACALC.XLS Modified to | MICACALC.XLS Modified to |MICACALC.XLS Modified to| MICACALC.XLS Modified to] MICACALC.XLS Modified to
Serpentine_Calc_PRO2.XLS | Serpentine_Calc_PRO2.XLS |Serpentine_Calc_PRO2.XLS|Serpentine_Calc_PRO2.XLS|Serpentine_Calc_PRO2.XLS
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A4-87

Concentrate Serpentine

SAMPLE ML64-silicate ML64-silicate ML64-silicate VIL64-silicate VIL64-silicate
DESCRIPTION Dark Gray Chip Dark Gray Chip Dark Gray Chip Dark Gray Small Chip Dark Gray Small Chip

NUMBER 14 14 14 15 15

LINE 70 71 72 73 74

REL. LINE 1 2 3 1 2

PHASE Antigorite Antigorite Antigorite Antigorite Antigorite

Sio2 38.255 38.223 38.601 38.271 37.062
TiO2 0.663 0.618 0.567 0.645 0.771
Al203 0.064 0.082 0.057 0.011 0.027
Cr203 0.000 0.000 0.000 0.000 0.001
FeO 15.611 15.802 15.954 16.572 19.847
NiO 0.081 0.118 0.074 0.033 0.048
MnO 0.134 0.084 0.145 0.150 0.210
MgO 30.849 30.727 30.779 29.445 25.993
- Cal 0.057 0.086 0.057 0.061 0.126
%‘ Na20 0.000 0.000 0.000 0.000 0.000
E K20 0.005 0.007 0.000 0.008 0.000
z cl 0.053 0.070 0.108 0.123 0.189
E TOTAL 85.772 85.818 86.341 85.319 84.274
Si_FORMULA 1.955 1.954 1.961 1.974 1.975
o Ti_ FORMULA 0.025 0.024 0.022 0.025 0.031
E Al_FORMULA 0.004 0.005 0.003 0.001 0.002
L Cr_FORMULA 0.000 0.000 0.000 0.000 0.000
r; Fe2+_ FORMULA 0.667 0.676 0.673 0.715 0.884
3 Ni_FORMULA 0.003 0.005 0.003 0.001 0.002
% Mn_FORMULA 0.006 0.004 0.006 0.007 0.009
';. Mg_FORMULA 2.350 2.342 2.331 2.264 2.065
@ Ca_FORMULA 0.003 0.005 0.003 0.003 0.007
_S b Na_FORMULA 0.000 0.000 0.000 0.000 0.000
S % K_FORMULA 0.000 0.000 0.000 0.000 0.000
% g Cl_FORMULA 0.000 0.000 0.000 0.000 0.000
Antigorite % 77.806 77.487 77.398 75.972 69.967
Greenalite % 22.083 22.352 22.502 23.933 29.964
Garnierite % 0.111 0.161 0.100 0.046 0.070

Method

GabbroSoft 2011,
MICACALC.XLS Medified to
Serpentine_Calc_PRO2.XLS

GabbroSoft 2011,
MICACALC.XLS Modified to
Serpentine_Calc_PRO2.XLS

GabbroSoft 2011,
MICACALC XLS Medified to
Serpentine_Calc_PRG2.XLS

GabbroSoft 2011,
MICACALC.XLS Modified to
Serpentine_Calc_PRO2.XLS

GabbroSoft 2011,
MICACALC.XLS Modified to
Serpentine_Calc_PRO2.XLS
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A4-88

Concnetrate Serpentine

SAMPLE VL64-silicate ML79-Silicate unknown HY | VIL79-Silicate unknown HY | IL79-Silicate unknown HY | ML79-Silicate unknown HY
DESCRIPTION Dark Gray Small Chip  |Large Medium Gray Massive|Large Medium Gray Massive|Large Medium Gray Massive| Medium-Dark Gray Elongate
NUNMBER 15 29 29 29 30
LINE 75 145 146 147 148
REL. LINE 3 1 2 3 1
PHASE Antigorite Antigorite Antigorite Antigorite Antigorite?

Si02 40.315 40.580 37.482 40.458 38.586
Ti02 0.785 0.267 0.303 0.241 0.505
Al203 0.146 0.041 0.035 0.049 0.563
Cr203 0.000 0.000 0.004 0.000 0.000
FeO 24.308 12.972 17.454 11.717 20.609
NiO 0.086 0.143 0.084 0.055 0.102
MnO 0.287 0.111 0.067 0.072 0.207
MgO 28.829 33.552 31.312 34.595 25.044
2 Ca0 0.230 0.053 0.111 0.081 0.174
= Na20 0.011 0.002 0.002 0.000 0.003
& K20 0.007 0.000 0.007 0.000 0.000
= Cl 0.076 0.000 0.000 0.000 0.000
E TOTAL 95.078 87.721 86.850 87.269 85.803
Si_FORMULA 1.832 1.990 1.915 1.981 2.017
© Ti_FORMULA 0.028 0.010 0.012 0.008 0.020
g Al_FORMULA 0.008 0.002 0.002 0.003 0.035
2 Cr_FORMULA 0.000 0.000 0.000 0.000 0.000
'E Fe2+ FORMULA 0.974 0.532 0.746 0.480 0.900
-g Ni_FORMULA 0.003 0.006 0.003 0.002 0.004
% Mn_FORMULA 0.012 0.005 0.002 0.003 0.009
'S. Mg_FORMULA 2.060 2.453 2.385 2.526 1951
T Ca_FORMULA 0.012 0.003 0.006 0.004 0.010
_S 2 Na_FORMULA 0.000 0.000 0.000 0.000 0.000
S % K_FORMULA 0.000 0.000 0.000 0.000 0.000
§ g Cl_FORMULA 0.000 0.000 0.000 0.000 0.000
Antigorite % 67.818 82.025 76.098 83.975 63.317
Greenalite % 32.073 17.787 23.792 15.952 31.533
Garnierite % 0.109 0.188 0.111 0.072 0.150

Method

GabbroSoft 2011,
MICACALC.XLS Modified to
Serpentine_Calc_PRO2.XLS

GabbroSoft 2011,
MICACALC.XLS Modified to

Serpentine_Calc_PRO2.XLS

GabbroSoft 2011,
MICACALC.XLS Modified to
Serpentine_Calc_PRO2.XLS

GabbroSoft 2011,
MICACALC.XLS Modified to
Serpentine_Calc_PRO2.XLS

GabbroSoft 2011,
MICACALC.XLS Modified to

Serpentine_Calc_PRQO2.XLS
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A4-89

Concentrate Serpentine

SAMPLE ML79-Silicate unknown HY | ML79-Silicate unknown HY | MIL79-Silicate unknown HY | ML79-Silicate unknown HY | ML75-Silicate unknown HY
DESCRIPTION [Medium-Dark Gray Elongate| Medium-Dark Gray Elongate] Dark Gray Elongate Rounded|Dark Gray Elongate Rounded|Dark Gray Elongate Rounded
NUMBER 30 30 32 32 32
LINE 149 150 154 155 156
REL. LINE 2 3 1 2 3
PHASE Antigorite? Antigorite? Antigorite Antigorite Antigorite
Si02 40.195 39.920 43.091 43.096 44 866
Tio2 0.483 0.536 0.341 0.278 0.326
Al203 0.793 0.559 0.207 0.185 0.191
Cr203 0.024 0.025 0.028 0.021 0.000
FeO 19.589 20.387 6.442 6.397 5.726
NiC 0.192 0.133 0.033 0.081 0.062
MnO 0.178 0.135 0.001 0.024 0.033
MgO 23.157 24.896 37.399 39.486 37.560
o Ca0 0.287 0.215 0.013 0.013 0.020
%‘ Na20 0.002 0.000 0.000 0.001 0.003
£ K20 0.000 0.008 0.000 0.002 0.000
= Cl 0.000 0.000 0.000 0.000 0.000
E TOTAL 84.899 86.813 87.555 89.585 88.788
Si_FORMULA 2.099 2.050 2.034 1.994 2.074
k] Ti_FORMULA 0.019 0.021 0.012 0.010 0.011
E Al_FORMULA 0.049 0.034 0.011 0.010 0.010
Bl Cr_FORMULA 0.001 0.001 0.001 0.001 0.000
2 Fe2+ FORMULA 0.855 0.876 0.254 0.248 0.221
8 Ni_FCRMULA 0.008 0.005 0.001 0.003 0.002
% Mn_FORMULA 0.008 0.006 0.000 0.001 0.001
'g. Mg_FORNMULA 1.803 1.906 2.632 2.724 2.588
D Ca_FORMULA 0.016 0.012 0.001 0.001 0.001
_g bl Na_FORMULA 0.000 0.000 0.000 0.000 0.000
S K_FORMULA 0.000 0.000 0.000 0.000 0.000
§ g C|_FORMULA 0.000 0.000 0.000 0.000 0.000
Antigorite % 67.616 68.390 91.151 91.577 92.047
Greenalite % 32.081 31.413 8.806 8321 7.870
Garnierite % 0.303 0.197 0.043 0.102 0.082

Method

GabbroSoft 2011,
MICACALC.XLS Modified to
Serpentine_Calc_PRQO2.XLS

GabbroSoft 2011,
MICACALC.XLS Medified to
Serpentine_Calc_PRO2.XLS

GabbroSoft 2011,
MICACALC.XLS Medified to
Serpentine_Calc_PRO2.XLS

GabbroSoft 2011,
MICACALC.XLS Modified to
Serpentine_Calc_PRQ2.XLS

GabbroSoft 2011,
MICACALC.XLS Medified to
Serpentine_Calc_PRO2.XLS
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A4-90

SAMPLE ML79-Rutile? ML79-Rutile? ML79-Rutile?
DESCRIPTION Dark Medium Gray Blocky Dark Medium Gray Blocky Dark Medium Gray Blocky
NUMBER 8 8 8
LINE 82 83 84
REL. LINE 1 2 3
- PHASE Rutile Rutile Rutile
g Sio2 0.000 0.021 0.006
E Tio2 97.074 97.153 97.340
< Al203 0.000 0.000 0.000
= V203 0.176 0.080 0.262
. Cr203 0.023 0.057 0.070
FeO 2.697 2.721 2.321
NiO 0.000 0.000 0.000
MnO 0.025 0.014 0.000
MgO 0.049 0.022 0.012
TOTAL 100.044 100.068 100.012
Sid+ 0.000 0.000 0.000
g _ |Tia+ 0.983 0.983 0.984
% “ g Al3+ 0.000 0.000 0.000
£ J E V3+ 0.002 0.001 0.003
3 g Cr3+ 0.000 0.001 0.001
% ::5: i: Fe2+ 0.030 0.031 0.026
E - & Ni2+ 0.000 0.000 0.000
= — |[Mn2+ 0.000 0.000 0.000
Mg2+ 0.001 0.000 0.000
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A4-91

TiO2 Products Questionable Analyses

SAMPLE ML66-Rutile ML6E6-Rutile MLE6-unknown MLE6-Rutile2 MLG6E-Platy rim MLE6-Composite
DESCRIPTION |Round Rutile Rim|Round Rutile Central Corgl  Unknown |Round Rutile Outer Rim|Elongate Rutile Lathe Rim|Composite Light Grayj
NUMBER & 6 7 8 10 11
LINE 60 62 64 65 68 70
REL. LINE 1 3 2 1 1 2
PHASE Rutile? Rutile? Rutile? Rutile? Rutile? Rutile?
Sio2 0.992 0.404 0.195 0.004 0.266 0.131
Tio2 95.108 92.833 84.971 96.264 92.822 91.245
Al203 0.000 0.000 0.000 0.000 0.000 0.000
V203 0.000 0.000 0.313 0.022 0.076 0.400
=2 Cr203 0.000 0.000 0.000 0.000 0.027 0.009
% FeO 0.038 0.000 0.000 0.011 0.000 0.015
g: NiO 0.000 0.000 0.000 0.014 0.000 0.000
§ MnO 0.016 0.002 0.023 0.000 0.022 0.016
E MgO 0.301 0.135 0.075 0.007 0.083 0.102
Nb205 0.000 0.000 0.000 0.000 0.000 0.000
CaO 0.000 0.000 0.000 0.000 0.000 0.000
Cl 0.000 0.039 0.184 0.000 0.434 2.023
TOTAL 96.456 93.413 85.761 96.322 93.732 93.941
Si FORMULA 0.014 0.006 0.003 0.000 0.004 0.002
L:“ Ti FORMULA 0.983 0.993 0.994 1.000 0.997 1.006
E Al FORMULA 0.000 0.000 0.000 0.000 0.000 0.000
L V FORMULA 0.000 0.000 0.004 0.000 0.001 0.005
%‘ Cr FORMULA 0.000 0.000 0.000 0.000 0.000 0.000
T é’ Fel(iil) FORMULA 0.000 0.000 0.000 0.000 0.000 0.000
@ W [Fe(il) FORMULA 0.000 0.000 0.000 0.000 0.000 0.000
_; g Ni FORMULA 0.000 0.000 0.000 0.000 0.000 0.000
E Mn FORMULA 0.000 0.000 0.000 0.000 0.000 0.000
iel Mg FORMULA 0.006 0.003 0.002 0.000 0.002 0.002
% Nb FORMULA 0.000 0.000 0.000 0.000 0.000 0.000
by Ca FORMULA 0.000 0.000 0.000 0.000 0.000 0.000
Cl FORMULA 0.000 0.001 0.005 0.000 0.012 0.057
GabbroSoft, Gabbrosoft, 2012, | 2P0t | oobbrosoft, 2011, GabbroSoft, 2011, | GabbroSoft, 2011,
Method 2011, 2011,
RUTCALC .xls RUTCALC.xls RUTCALC.xls RUTCALC.xls
RUTCALC.xls RUTCALC.xls
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A4-92

TiO2 Products Questionable Analyses

RUTCALC.xls

RUTCALC.xls

SAMPLE ML66-Composite ML67-CompositeSphere ML67-CompositeSphere ML68-RutileRim
DESCRIPTION Composite Dark Gray Composite Sphere Gray Matrix Composite Sphere Rim Composite Rutile Sphere Rim
NUMBER 11 13 12 33
LINE 71 74 72 95
REL. LINE 3 1 1 1
PHASE Rutile? Rutile? Rutile? Rutile?
Sio2 0.120 0.028 0.974 0.172
TiO2 89.190 93.779 102.251 79.495
Al203 0.000 0.000 0.383 0.000
V203 0.140 0.082 0.184 0.077
-2 Cr203 0.000 0.000 0.008 0.000
% FeO 0.016 0.016 0.000 0.000
é NiO 0.018 0.004 0.000 0.000
E MnO 0.003 0.003 0.021 0.000
E MgO 0.218 0.000 0.006 0.022
Nb205 0.000 0.000 0.000 0.000
Ca0 0.000 0.000 0.000 0.000
Cl 1.912 0.000 0.000 0.672
TOTAL 91.616 93.913 103.827 80.439
Si FORMULA 0.002 0.000 0.012 0.003
Lj“ Ti FORMULA 1.006 0.999 0.982 1.001
g Al FORMULA 0.000 0.000 0.006 0.000
2 V FORMULA 0.002 0.001 0.002 0.001
%l Cr FORMULA 0.000 0.000 0.000 0.000
T é Fe(iii) FORMULA 0.000 0.000 0.000 0.000
o |Fe(il) FORMULA] 0.000 0.000 0.000 0.000
g %. Ni FORMULA 0.000 0.000 0.000 0.000
g Mn FORMULA 0.000 0.000 0.000 0.000
ke) Mg FORMULA 0.005 0.000 0.000 0.001
% Nb FORMULA 0.000 0.000 0.000 0.000
& Ca FORMULA 0.000 0.000 0.000 0.000
Cl FORMULA 0.054 0.000 0.000 0.019
GabbroSoft, 2011, GabbroSoft, 2011,
Method GabbroSoft, 2011, RUTCALC.xls GabbroSoft, 2011, RUTCALC.xls
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A4-93

TiO2 Products Questionable Analyses

RUTCALC.xls

RUTCALC.xls

RUTCALC.xls

RUTCALC.xls

SAMPLE ML68-Platy | ML68-PlatyCore ML68-PlatyRim MLE6-unknown ML66-Rutile
DESCRIPTION [Elongate Rutile Lathe CorelElongate Rutile Lathe Core| Elongate Rutile Lathe Rim Unknown Round Rutile Rim
NUMBER 36 37 38 7 5
LINE 98 99 100 63 58
REL. LINE 1 1 1 1 1
PHASE Rutile? Rutile? Rutile? Rutile Rutile?
Si02 0.465 1.647 0.446 0.007 0.978
TiO2 95.019 92.952 96.084 83.797 193.454
Al203 0.000 0.000 0.000 0.000 0.000
V203 0.123 0.124 0.088 0.322 0.000
-2 Cr203 0.005 0.000 0.000 0.000 0.017
% FeO 0.000 0.000 0.000 0.009 0.000
b NiO 0.000 0.008 0.000 0.000 0.027
E MnO 0.024 0.000 0.000 0.018 0.000
E MgO 0.192 0.468 0.107 0.000 0.313
Nb205 0.000 0.000 0.000 0.000 0.000
CaO 0.000 0.000 0.000 0.000 0.000
Cl 0.190 0.075 0.026 0.294 0.017
TOTAL 96.018 95.275 96.750 84.447 194.805
Si FORMULA 0.006 0.023 0.006 0.000 0.007
L:“ Ti FORMULA 0.991 0.872 0.992 0.999 0.992
g Al FORMULA 0.000 0.000 0.000 0.000 0.000
2 V FORMULA 0.001 0.001 0.001 0.004 0.000
r; Cr FORMULA 0.000 0.000 0.000 0.000 0.000
% é Fe(iii) FORMULA 0.000 0.000 0.000 0.000 0.000
w o [Fe(ii) FORMULA] 0.000 0.000 0.000 0.000 0.000
g g Ni FORMULA 0.000 0.000 0.000 0.000 0.000
g Mn FORMULA 0.000 0.000 0.000 0.000 0.000
9 Mg FORMULA 0.004 0.010 0.002 0.000 0.003
% Nb FORMULA 0.000 0.000 0.000 0.000 0.000
& Ca FORMULA 0.000 0.000 0.000 0.000 0.000
Cl FORMULA 0.005 0.002 0.001 0.008 0.000
Method GabbroSoft, 2011, GabbroSoft, 2011, GabbroSoft, 2011, GabbroSoft, 2011, | GabbroSoft, 2011,

RUTCALC .xIs
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A4-94

TiO2 Products Questionable Analyses

RUTCALC.xls

SAMPLE ML66-Composite ML67-RutileCore?2
DESCRIPTION |Composite Dark Gray|Composite Sphere Core
NUMBER 11 15
LINE 69 77
REL. LINE 1 1
PHASE Rutile? Rutile
Si02 0.048 2.463
TiO2 212.447 99.635
Al203 0.000 0.104
V203 0.940 0.044
-2 Cr203 0.000 0.019
= FeO 0.003 0.018
< NIO 0.000 0.000
S MnO 0.016 0.000
E MgO 0.084 0.012
Nb205 0.000 0.000
CaQ 0.000 0.000
Cl 3.215 0.000
TOTAL 216.754 102.296
Si FORMULA 0.000 0.032
Lj“ Ti FORMULA 1.004 0.966
§ Al FORMULA 0.000 0.002
2 V FORMULA 0.005 0.000
%‘ Cr FORMULA 0.000 0.000
- § Fe(iii) FORMULA 0.000 0.000
w 0 [Fe(ii) FORMULA] 0.000 0.000
_g %. Ni FORMULA 0.000 0.000
g Mn FORMULA 0.000 0.000
2 Mg FORMULA 0.001 0.000
% Nb FORMULA 0.000 0.000
& Ca FORMULA 0.000 0.000
CI FORMULA 0.091 0.000
GabbroSoft, 2011, GabbroSoft, 2011,
Method

RUTCALC.xls
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A4-95

TiO2 Products Rutile

SAMPLE ML&6-Rutile | ML&6-Rutile ML66-Rutile2 ML66-Plate unknown ML67-CompositeSphere
DESCRIPTION [|Round Rutile Rim|Round Rutile Inner Rim} Round Rutile Outer Core |Elongate Rutile Lathe Core] Composite Sphere Core
NUMBER 5 6 8 9 12
LINE 59 6l 66 67 73
REL. LINE 2 2 2 1 2
PHASE Rutile Rutile Rutile Rutile Rutile
Sio2 0.488 0.126 0.026 0.061 0.218
TiO[2] 98.135 97.580 97.727 98.920 99.658
Al203 0.000 0.000 0.000 0.000 0.095
V203 0.000 0.000 0.014 0.017 0.026
- Cr203 0.000 0.000 0.000 0.022 0.000
% FeO 0.000 0.000 0.000 0.008 0.000
& NiO 0.004 0.004 0.025 0.016 0.000
E MnO 0.012 0.008 0.053 0.000 0.005
E MgO 0.160 0.064 0.027 0.066 0.000
Nb205 0.000 0.000 0.000 0.000 0.000
Ca0 0.000 0.000 0.000 0.000 0.000
cl 0.045 0.051 0.007 0.012 0.000
TOTAL 98.844 97.834 97.879 99.123 100.002
Si FORMULA 0.007 0.002 0.000 0.001 0.003
Lj“ Ti FORMULA 0.992 0.998 0.999 0.998 0.996
E Al FORMULA 0.000 0.000 0.000 0.000 0.001
L V FORMULA 0.000 0.000 0.000 0.000 0.000
%I Cr FORMULA 0.000 0.000 0.000 0.000 0.000
T g Fe(iii) FORMULA 0.000 0.000 0.000 0.000 0.000
_§ g Fe(iil) FORMULA| 0.000 0.000 0.000 0.000 0.000
> O Ni FORMULA 0.000 0.000 0.000 0.000 0.000
E Mn FORMULA 0.000 0.000 0.000 0.000 0.000
kel Mg FORMULA 0.003 0.001 0.001 0.001 0.000
._g Nb FORMULA 0.000 0.000 0.000 0.000 0.000
b Ca FORMULA 0.000 0.000 0.000 0.000 0.000
Cl FORMULA 0.001 0.001 0.000 0.000 0.000
GabbroSoft,
Method 2011, GabbroSoft, 2011, GabbroSoft, 2011, GabbroSoft, 2011, GabbroSoft, 2011,
RUTCALC.xls RUTCALC.xls RUTCALC.xls RUTCALC.xls RUTCALC.xls
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A4-96

TiO2 Products Rutile

RUTCALC.xls

RUTCALC.xls

RUTCALC.xls

RUTCALC.xls

SAMPLE |ML67-CompositeSphere ML67-RutileCore MLB7-RutileRim ML67-RutileCore ML67-RutileCore
DESCRIPTION Composite Sphere Composite Sphere Core | Composite Sphere Rim | Composite Sphere Core | Composite Sphere Core
NUMBER 13 14 16 17 17
LINE 75 76 78 79 80
REL. LINE 2 1 1 1 2
PHASE Rutile Rutile Rutile Rutile Rutile
Sio2 0.004 0.404 0.002 0.368 0.018
TiO[2] 99.585 101.618 98.520 101.926 98.558
Al203 0.000 0.087 0.000 0.093 0.000
V203 0.132 0.037 0.114 0.028 0.000
2 Cr203 0.009 0.000 0.025 0.009 0.000
% FeO 0.011 0.004 0.034 0.000 0.000
I NiO 0.035 0.000 0.007 0.000 0.000
E MnO 0.000 0.000 0.004 0.000 0.000
E MgO 0.000 0.010 0.000 0.010 0.000
Nb205 0.000 0.000 0.000 0.000 0.000
Ca0 0.000 0.000 0.000 0.000 0.000
cl 0.000 0.000 0.000 0.000 0.000
TOTAL 99.776 102.159 S98.706 102.434 98.576
Si FORMULA 0.000 0.005 0.000 0.005 0.000
Lj“ Ti FORMULA 0.999 0.993 0.999 0.994 1.000
E Al FORMULA 0.000 0.001 0.000 0.001 0.000
2 V FORMULA 0.001 0.000 0.001 0.000 0.000
(g Cr FORMULA 0.000 0.000 0.000 0.000 0.000
b é Fe(iil) FORMULA 0.000 0.000 0.000 0.000 0.000
w w  |Fe(ii) FORMULA] 0.000 0.000 0.000 0.000 0.000
_; g Ni FORMULA 0.000 0.000 0.000 0.000 0.000
E Mn FORMULA 0.000 0.000 0.000 0.000 0.000
iel Mg FORMULA 0.000 0.000 0.000 0.000 0.000
'_Fé Nb FORMULA 0.000 0.000 0.000 0.000 0.000
o Ca FORMULA 0.000 0.000 0.000 0.000 0.000
Cl FORMULA 0.000 0.000 0.000 0.000 0.000
Method GabbroSoft, 2011, GabbroSoft, 2011, GabbroSoft, 2011, GabbroSoft, 2011, GabbroSoft, 2011,

RUTCALC.xls
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A4-97

TiO2 Products Rutile

SAMPLE ML&7-RutileCore MLE7-RutileRim ML&7-RutileHB | ML6E7-RutileHB ML67-RutileHB | ML6&7-PlatyCore |
DESCRIPTION [Composite Sphere Core]Composite Sphere Rim[Herringbone RutildHerringbone RutildHerringbone RutilefElongate Rutile Lathe Core
NUMBER 18 19 20 21 22 23
LINE 81 82 83 84 85 86
REL. LINE 1 1 1 1 1 1
PHASE Rutile Rutile Rutile Rutile Rutile Rutile
Si02 0.301 0.202 0.055 0.082 0.158 0.013
TiO[2] 100.723 101.316 97.242 101.700 100.808 97.910
Al203 0.052 0.054 0.000 0.000 0.040 0.000
V203 0.048 0.055 0.000 0.029 0.014 0.000
-2 Cr203 0.014 0.000 0.000 0.000 0.022 0.024
T? FeO 0.023 0.000 0.000 0.000 0.000 0.007
é NiQ 0.010 0.000 0.000 0.000 0.000 0.000
E MnO 0.020 0.000 0.030 0.000 0.000 0.000
E MgO 0.010 0.000 0.001 0.000 0.002 0.000
Nb205 0.000 0.000 0.000 0.000 0.000 0.000
CaQ 0.000 0.000 0.000 0.000 0.000 0.000
Cl 0.000 0.000 0.000 0.000 0.000 0.000
TOTAL 101.202 101.626 97.328 101.811 101.045 97.953
Si FORMULA 0.004 0.003 0.001 0.001 0.002 0.000
LDU Ti FORMULA 0.995 0.996 0.999 0.999 0.997 1.000
g Al FORMULA 0.001 0.001 0.000 0.000 0.001 0.000
2 V FORMULA 0.001 0.001 0.000 0.000 0.000 0.000
%l Cr FORMULA 0.000 0.000 0.000 0.000 0.000 0.000
= é’ Fe(iii) FORMULA 0.000 0.000 0.000 0.000 0.000 0.000
o [Fe{ii) FORMULA 0.000 0.000 0.000 0.000 0.000 0.000
g %. Ni FORMULA 0.000 0.000 0.000 0.000 0.000 0.000
E Mn FORMULA 0.000 0.000 0.000 0.000 0.000 0.000
02 Mg FORMULA 0.000 0.000 0.000 0.000 0.000 0.000
% Nb FORMULA 0.000 0.000 0.000 0.000 0.000 0.000
in Ca FORMULA 0.000 0.000 0.000 0.000 0.000 0.000
Cl FORMULA 0.000 0.000 0.000 0.000 0.000 0.000
hod GabbroSoft, 2011, GabbroSoft, 2011, |GabbroSoft, 2011,|GabbroSoft, 2011, GabbroSoft, 2011, GabbroSoft, 2011,
Metho RUTCALC .xIs RUTCALC .xIs RUTCALC.xls RUTCALC.xls RUTCALC.xls RUTCALC.xls
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A4-98

TiO2 Products Rutile

RUTCALC.xls

RUTCALC.xls

RUTCALC.xls

RUTCALC.xls

SAMPLE ML67-PlatyRim I ML67-PlatyCore | ML67-PlatyRim ML67-PlatyCore ML6&7-PlatyRim
DESCRIPTION |Elongate Rutile Lathe Rim|Elongate Rutile Lathe CoreElongate Rutile Lathe Rim|Elongate Rutle Lathe CorelElongate Rutle Lathe Rim
NUMBER 24 25 26 27 28
LINE 87 88 89 0 91
REL. LINE 1 1 1 1 1
PHASE Rutile Rutile Rutile Rutile Rutile
Si02 0.203 0.043 0.086 0.024 0.055
TiO[2] 100.039 99.939 100.141 97.785 97.955
Al203 0.041 0.000 0.000 0.000 0.000
V203 0.000 0.000 0.000 0.034 0.000
= Cr203 0.000 0.000 0.001 0.000 0.028
% FeO 0.009 0.000 0.000 0.000 0.020
é NiO 0.006 0.030 0.000 0.000 0.000
E MnO 0.000 0.025 0.020 0.015 0.010
E MgO 0.005 0.000 0.000 0.000 0.000
Nb205 0.000 0.000 0.000 0.000 0.000
CaO 0.000 0.000 0.000 0.000 0.000
Cl 0.000 0.000 0.000 0.000 0.000
TOTAL 100.303 100.037 100.249 97.858 98.070
Si FORMULA 0.003 0.001 0.001 0.000 0.001
Lj“ Ti FORMULA 0.997 0.999 0.999 0.999 0.999
E Al FORMULA 0.001 0.000 0.000 0.000 0.000
2 V FORMULA 0.000 0.000 0.000 0.000 0.000
‘g Cr FORMULA 0.000 0.000 0.000 0.000 0.000
T % Feliii) FORMULA 0.000 0.000 0.000 0.000 0.000
w @ [Fe{iiy FORMULA| 0.000 0.000 0.000 0.000 0.000
_; g Ni FORMULA 0.000 0.000 0.000 0.000 0.000
E Mn FORMULA 0.000 0.000 0.000 0.000 0.000
iel Mg FORMULA 0.000 0.000 0.000 0.000 0.000
% Nb FORMULA 0.000 0.000 0.000 0.000 0.000
brs Ca FORMULA 0.000 0.000 0.000 0.000 0.000
Cl FORMULA 0.000 0.000 0.000 0.000 0.000
Method GabbroSoft, 2011, GabbroSoft, 2011, GabbroSoft, 2011, GabbroSoft, 2011, GabbroSoft, 2011,

RUTCALC.xls
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A4-99

TiO2 Products Rutile

SAMPLE ML68-RutileCore ML68-RutileRim ML68-RutileCore ML68-RutileCore
DESCRIPTION | Composite Rutile Sphere Core | Composite Rutile Sphere Rim | Composite Rutile Sphere Core | Composite Rutile Sphere Core
NUMBER 30 31 32 234
LINE 92 93 94 96
REL. LINE 1 1 1 1
PHASE Rutile Rutile Rutile Rutile
Si0o2 0.118 0.157 0.022 0.034
TiO[2] 97.687 97.852 98.924 97.525
Al203 0.000 0.000 0.000 0.000
V203 0.328 0.358 0.024 0.136
=2 Cr203 0.000 0.000 0.000 0.016
% FeO 0.000 0.016 0.004 0.025
é NiO 0.015 0.005 0.012 0.000
E MnO 0.000 0.000 0.026 0.018
E MgO 0.041 0.110 0.001 0.017
Nb205 0.000 0.000 0.000 0.000
CaQ 0.000 0.000 0.000 0.000
cl 0.013 0.085 0.038 0.058
TOTAL 98.202 98.583 99.050 97.829
Si FORMULA 0.002 0.002 0.000 0.000
Lj“ Ti FORMULA 0.995 0.994 1.000 0.998
g Al FORMULA 0.000 0.000 0.000 0.000
HE V FORMULA 0.004 0.004 0.000 0.001
s Cr FORMULA 0.000 0.000 0.000 0.000
z % Fe(iii) FORMULA 0.000 0.000 0.000 0.000
w W |Felii) FORMULA| 0.000 0.000 0.000 0.000
_; g Ni FORMULA 0.000 0.000 0.000 0.000
g Mn FORMULA 0.000 0.000 0.000 0.000
.0 Mg FORMULA 0.001 0.002 0.000 0.000
:‘Cé‘ Nb FORMULA 0.000 0.000 0.000 0.000
o Ca FORMULA 0.000 0.000 0.000 0.000
Cl FORMULA 0.000 0.002 0.001 0.002

Method

GabbroSoft, 2011, RUTCALC .xIs

GabbroSoft, 2011, RUTCALC.xls

GabbroSoft, 2011, RUTCALC.xls

GabbroSoft, 2011, RUTCALC.xls
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A4-100

TiO2 Products Rutile

RUTCALC .xls

RUTCALC.xIs

RUTCALC.xls

SAMPLE ML68-RutileRim MLE&-PlatyCore ML6&-PlatyRim MLE9_RutileCore
DESCRIPTION | Composite Rutile Sphere Rim Elongate Rutile Lathe Core Elongate Rutile Lathe Rim Composite Rutile Sphere Core
NUMBER 35 39 40 41
LINE o7 101 102 103
REL. LINE 1 1 1 1
PHASE Rutile Rutile Rutile Rutile
Sio2 0.121 0.082 0.108 0.637
TiO[2] 99.100 98.445 96.394 98.249
Al203 0.000 0.000 0.000 0.184
V203 0.123 0.133 0.186 0.152
-2 Cr203 0.000 0.007 0.013 0.000
% FeO 0.029 0.000 0.014 0.006
<4C’. NiO 0.002 0.000 0.000 0.000
g MnO 0.000 0.002 0.000 0.026
E MgO 0.020 0.035 0.048 0.004
Nb205 0.000 0.000 0.000 0.000
Ca0 0.000 0.000 0.000 0.000
Cl 0.210 0.000 0.286 0.000
TOTAL 99.606 98.704 97.050 99.259
Si FORMULA 0.002 0.001 0.001 0.009
L; Ti FORMULA 0.998 0.997 0.998 0.988
g Al FORMULA 0.000 0.000 0.000 0.003
2 V FORMULA 0.001 0.001 0.002 0.002
%I Cr FORMULA 0.000 0.000 0.000 0.000
z % Feliil) FORMULA 0.000 0.000 0.000 0.000
w 0 [Felil) FORMULA] 0.000 0.000 0.000 0.000
_; g Ni FORMULA 0.000 0.000 0.000 0.000
4CIE_J' Mn FORMULA 0.000 0.000 0.000 0.000
o Mg FORMULA 0.000 0.001 0.001 0.000
T‘Cé Nb FORMULA 0.000 0.000 0.000 0.000
& Ca FORMULA 0.000 0.000 0.000 0.000
Cl FORMULA 0.006 0.000 0.008 0.000
Method GabbroSoft, 2011, GabbroSoft, 2011, GabbroSoft, 2011, GabbroSoft, 2011,

RUTCALC.xls




NRRI/TR-2021/19 — Appendix 4

A4-101

TiO2 Products Rutile

RUTCALC.xls

RUTCALC.xls

RUTCALC.xls

SAMPLE MLB9_RutileRim ML69_RutileCore MLBE9_RutileRim ML69_RutileCore
DESCRIPTION | Composite Rutile Sphere Rim | Composite Rutile Sphere Core | Composite Rutile Sphere Rim | Composite Rutile Sphere Core
NUMBER 42 43 44 45
LINE 104 105 106 107
REL. LINE 1 1 1 1
PHASE Rutile Rutile Rutile Rutile
Si02 0.102 0.253 0.060 0.054
TiOo[2] 99.067 100.864 98.450 100.915
Al203 0.000 0.033 0.000 0.000
V203 0.173 0.096 0.151 0.128
-2 Cr203 0.000 0.000 0.000 0.042
% FeO 0.001 0.022 0.000 0.021
é NIiQ 0.004 0.017 0.009 0.000
g MnO 0.007 0.000 0.006 0.001
E MgO 0.000 0.000 0.000 0.000
Nb205 0.000 0.000 0.000 0.000
Ca0 0.000 0.000 0.000 0.000
cl 0.000 0.026 0.000 0.059
TOTAL 99.354 101.311 98.676 101.220
ST FORMULA 0.001 0.003 0.001 0.001
L; Ti FORMULA 0.997 0.995 0.998 0.998
E Al FORMULA 0.000 0.001 0.000 0.000
L V FORMULA 0.002 0.001 0.002 0.001
E Cr FORMULA 0.000 0.000 0.000 0.000
Tz g Fe(iii) FORMULA 0.000 0.000 0.000 0.000
w 0 [Fe(ii) FORMULA) 0.000 0.000 0.000 0.000
_; g Ni FORMULA 0.000 0.000 0.000 0.000
E Mn FORMULA 0.000 0.000 0.000 0.000
2 Mg FORMULA 0.000 0.000 0.000 0.000
% Nb FORMULA 0.000 0.000 0.000 0.000
&a Ca FORMULA 0.000 0.000 0.000 0.000
Cl FORMULA 0.000 0.001 0.000 0.002
Method GabbroSoft, 2011, GabbroSoft, 2011, GabbroSoft, 2011, GabbroSoft, 2011,

RUTCALC.xls
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A4-102

TiO2 Products Rutile

RUTCALC.xls

RUTCALC.xls

RUTCALC .xls

SAMPLE ML69_RutileRim ML69_RutileNonzoned ML69_RutileNonzoned ML69_ Platy
DESCRIPTION | Composite Rutile Sphere Rim| Non-Zoned Rutile Sphere Non-Zoned Rutile Sphere Elongate Rutile Lathe Core
NUMBER 46 47 49 50
LINE 108 109 111 112
REL. LINE 1 1 1 1
PHASE Rutile Rutile Rutile Rutile
Si02 0.207 0.086 0.028 0.002
TiO[2] 98.771 101.449 99.617 100.538
Al203 0.014 0.000 0.000 0.000
V203 0.138 0.195 0.162 0.118
-2 Cr203 0.000 0.000 0.000 0.011
% FeO 0.000 0.026 0.044 0.000
é NiO 0.007 0.000 0.001 0.008
g MnO 0.000 0.000 0.002 0.029
E MgO 0.002 0.000 0.000 0.000
Nb205 0.000 0.000 0.000 0.000
CaO 0.000 0.000 0.000 0.000
cl 0.000 0.000 0.000 0.000
TOTAL 99.138 101.756 99.854 100.706
Si FORMULA 0.003 0.001 0.000 0.000
Lj“ Ti FORMULA 0.996 0.997 0.998 0.999
g Al FORMULA 0.000 0.000 0.000 0.000
L V FORMULA 0.001 0.002 0.002 0.001
%I Cr FORMULA 0.000 0.000 0.000 0.000
2 § Fe(ili) FORMULA 0.000 0.000 0.000 0.000
o oo Fe(ii) FORMULA 0.000 0.000 0.000 0.000
g g Ni FORMULA 0.000 0.000 0.000 0.000
g Mn FORMULA 0.000 0.000 0.000 0.000
.0 Mg FORMULA 0.000 0.000 0.000 0.000
% Nb FORMULA 0.000 0.000 0.000 0.000
by Ca FORMULA 0.000 0.000 0.000 0.000
Cl FORMULA 0.000 0.000 0.000 0.000
Method GabbroSoft, 2011, GabbroSoft, 2011, GabbroSoft, 2011, GabbroSoft, 2011,

RUTCALC.xIs




NRRI/TR-2021/19 — Appendix 4

A4-103

TiO2 Products Rutile

RUTCALC.xls

RUTCALC.xls

RUTCALC.xls

SAMPLE ML69_PlatyCore ML69_PlatyRim1 ML69_PlatyRim2 |
DESCRIPTION |Elongate Rutile Lathe CorgElongate Rutile Lathe Rim|Elongate Rutile Lathe Rim
NUMBER 51 52 53
LINE 113 114 115
REL. LINE 1 1 1
PHASE Rutile Rutile Rutile
Si02 0.053 0.000 0.012
Tio[2] 101.415 97.685 99.924
Al203 0.000 0.000 0.000
V203 0.048 0.086 0.000
= Cr203 0.026 0.003 0.000
% FeO 0.025 0.011 0.007
é:; NiO 0.010 0.000 0.017
o MnO 0.004 0.000 0.000
% MgO 0.000 0.000 0.000
Nb205 0.000 0.000 0.000
Ca0 0.000 0.000 0.000
Cl 0.000 0.000 0.000
TOTAL 101.582 97.785 99.960
Si FORMULA 0.001 0.000 0.000
L; Ti FORMULA 0.999 0.999 1.000
g Al FORMULA 0.000 0.000 0.000
2 V FORMULA 0.001 0.001 0.000
%‘ Cr FORMULA 0.000 0.000 0.000
3z é Fe(iii) FORMULA 0.000 0.000 0.000
w o [Fe(iiy FORMULA 0.000 0.000 0.000
_; g Ni FORMULA 0.000 0.000 0.000
E Mn FORMULA 0.000 0.000 0.000
o Mg FORMULA 0.000 0.000 0.000
% Nb FORMULA 0.000 0.000 0.000
b Ca FORMULA 0.000 0.000 0.000
Cl FORMULA 0.000 0.000 0.000
GabbroSoft, 2011, GabbroSoft, 2011, GabbroSoft, 2011,
Method




