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Supplementary Data A

X-ray diffraction pattern from samples collected at
site A and B tailings sites



|
ite
] ]
=
3

Sample No. A-1

- Quartz
Albite
Clinachlorg
Calate

Actinolite
Epidote

Coures

L - ¥
0 » »

&0 @ “w
Pastan ["TThetal (Copper Cuh

Sample No. A-3

Quartz
Albite
Cinochlore
lite

Cakite
Actinolite
Dolomite

T T T
" » a7 o » w
Pastion ["2Thets) iopper Kulh

Counns

Courts

Zampie o, A2

Pestion {"2Theta] (Copper (Cuh

Sample No. A-5

Quartz
Albite
Clinachiore
ite

Calcite
Actinofite
Pyroxene

3

o LN M Y dikld

1.4
(1

Wi dé Al wi ) allb i8]
x » @0 0
Poumson [*2Thets) iCopper (G

Albite
Céinochiore

H'E OE
B
7

Actinofite

YT AT
&



Sample No. A-7

County

1000 4

Pouton 12 Theta] (Copper 10Ul

Sample No. A-11

TeEE EE|

E

Quartz
Albite
Cinachlore
Hite

Caicite
Actinolite
Epidote

10 n » & b -
Possen ["IThees) (Copper K|

Quartz
Albite
Clinachlore
Dolomite
Actinolite

Sample No. A-9

3]

1000 4

LA '
U
1 M

Peaton [*2Thats] (Copper ICuD

Sample No. A-13

Courmy

» © ®

Quartz
Albite
Chnochlore
Dokymite
Diopside
Muscovite
Ferroactinol

"

(3]

Paation [*ITheta] (Copper (Tt}

Quartz
Albite
Chnachiore
Dolomite
Calcite
Actinolite




Sample No. A-15

111

T
. Quartz
. Albite
Ciinochkye
- [P
o2 Actinolite
9200
0- —~ —
» »
Postion ["7Mta] (Copper (Culh
Sample No. A-19
Cowts | ! ([0 FHES HBIHEE B R EEE LY
i
B o
. Albite
2000 Clinachiore
. Dolomite
. Actinolite
. Titanite
wl
' L
- Mol A
® - b b MYID Iy |
U L L
L] b 0 [

Prason ("IThets| (Copper (Colt

Coues

Sample No. A-17

<y s
s ‘ B oo
Albyite
Clinochlore
. Actinolite
1000
004
@ .!
w0
Poiicn ["IThes] (Copper (Cull
Sample No. A-2
! PRE-—3 | HEHERIN I HEE
(3} : e
Quarts
4000

[ |
8B
. Dolomite
m

Albite
Chilorite

Actinolite




Sample No. A-23

(Fi

Sample No. A-27

| SHIEE RS

M cusu
Albite
Cinachiore
Dolomite

Phlogopite
Titanite

Tremolite

(=3

:

Albite
Cinachiore
Dolomite
Calcite
Actinofite
Annite
Microcline

Positien [*2Thets) (Coppet (Cul)

&

2000 4

Sample No. A-25

| | NEINIl
! ! {11! 111

- Quartz
Albite
Chnachiore
Dolomite
Calcite
Actinofite
Annite
Microchne

Pastson [*2Theta) (Copper (Cul)

Sample No. A-29

[1E [HEE

Quartz
Albite
Cinochlore
Dolomite

&
Caicite

Actinolite
Biotite
Microcline




Sample No. B-1

Counts UGS 10 BEEL  QEREE REE
I
o B Quartz
B Albite
Clinochlorg]
B Colomite
' M Calcite

Postion [*2Theta) {Copper (Cul)

Sample No. B-5

NLS
Quartz

Albvite
Cinachiore
Dolomite
Calcite
Gersdorffite
Rutile

3000

2000

o

b+
O8 | A

o -

>

.
» @ ] &0
Postion [*2Thets) (Copper (Cu))

Counts

Counts

Sample No.

B-3

Quartz
Albite
Clnochiore
Dolamite
Calite

Postion [*2Theta) (Copper (Cul)

Sample No.

B-7

3000

20001

- Quartz
B Avite
Clinochiord
- Dolomite
- Erythrite

Titanite

Posiion [*2Thets] (Copper (Cu))



County

Sample No. B-9

IS - Quartz
Albite
Ciinochkye
0000 - Dolomite
- Calcite
B Spind
4000 ]
20001
| |
°-4
10 20 » ® ¢ L)
Posttion [*2Theta] (Copper (Cul)
Sample No. B-13
m
- Quartz
30004 B Abite
Clinachiore
. Dolomite
. Calcite
2000 - Anorthite

Sample No. B-11

] Quartz
B Avite
Clinochlore
- Dolomite
W casite

B Gensdodifite

b 30 &0 ) @
Postion [*2Theta] (Copper (Cull)

Sample No. B-15

Postion [*2Theta] (Copper (Cul)

S7

2]

B Abie
Giinochiore

- Dolomite

m

Calcite

20 0 &0 ©° L)
Postica ['2Theta) (Copper (Cu))



Sample No. B-17

Counts

Postion ['2Theta] (Copper {Cul)

Sample No. B-21

- Quartz

B awie
Clinochiare
Dolomite

]
- Calcite

2000

N2

Postson [*2Theta] (Copper (Cu))

Quartz
Albite
Chnachlore
Dolomite
Caicite

Counts

Sample No. B-19

NLTS

Quartz

B Abite
Ciinachlore
Dolomite

. Calcite

Position [*2Theta) (Copper (Cul)

Sample No. B-23

Pl
P

Quartz

Albite & Labradorite
Clinochiore
Dolomite

Calcite

Counts
40001n23

3000
20004
10004

{

' L} l

4. i

o L { %

10 20

30 40 0 60
Posmon {*2Thata) (Copper (Cul)



Sample No. B-25

Sample No. B-27

Counts Counts :
vonco [ ==
) | B 3000 - | B
B Avite X
- Albite
Ciinochlore B R
- Dolomite e
B e W el
B ot
2000 |
5200 4
vco:w'
|
e | g
oL .. b ’Jl MMJA:&M% o - L s, )
» 20 ™ v ‘ b ® 10 0 30 20 % ©
Postion [*2Thata] (Copper (Cul) Posmon ["2Theta)] (Copper (Cul)
Sample No. B-29
| : ] ' })1Dl ] ] Ill;l’ 22 EERR 1 ] | I ) ]
Counts J 1 bl BELEE E 8 R RRELED BB i bR 1)
NL29 Quartz
- Albite
Clinochlore
- Dolomite
B cacite
2000
1000 -
S9 b

Position [°2Theta] (Copper (Cu))




A)

Supplementary data B

Change of contact pH with depth
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A and B: Plot of contact pH value versus depth for the two depth profiles
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Supplementary data C

Chemical composition of the tailing samples, Nipissing low grade mine tailings

FINAL RESULTS

wi% or (ma/Kg)

ELRFS LABEL Ag As Ca Co Cu Hg K Mn Mo Na Pb Sb Se Ti
Units ppm wi% wi% wi% ppm ppm wi% ppm wi% ppm ppm wi% ppm ppm ppm ppm wi%
NL = Nipissing-

lowtailings site

NL-1 419 778 0313 237 937 414 532 1 0587 906 15 362 577 396 333 281 0424
NL-2 691 822 0303 245 1020 411 606 429 058 1020 15 363 651 467 328 306 046
NL-3 6.95 761 0268 225 936 375 554 352 0562 928 15 343 595 416 268 24 0437
NL-4 641 738 0296 219 997 396 553 47 0514 926 15 338 578 455 278 249 0429
NL-5 867 774 0344 231 1070 485 528 26 0519 895 15 371 562 429 250 1.24 0.446
NL-6 6.61 742 0376 223 1040 560 488 451 0463 841 15 362 496 442 245 213 0407
NL-7 582 724 0411 22 1170 562 5 6.34 05 865 15 35 522 447 254 179 0437
NL-8 8.11 757 0428 233 1090 661 514 257 0462 909 15 367 510 526 283 282 0423
NL-9 145 776 0868 208 2340 834 493 1 0465 847 535 4 512 673 370 17 047
NL-10 947 737 0838 1875 2190 7615 473 19304515 811 6385 3825 533 589 3431.467504925
NL-11 888 764 103 218 2720 882 504 1 0469 861 825 393 587 777 423 1.64 0503
NL-12 101 7.32 0506 227 1140 615 464 1 0472 825 358 368 480 540 261 0.991 0446
NL-13 141 785 056 251 1270 663 54 1 0505 946 375 373 536 642 321 1.95 0468
NL-14 123 761 0471 219 1080 541 479 1 0522 843 623 384 471 478 236 1.47 0468
NL-15 128 7.61 0616 225 1490 681 499 1 0513 871 693 376 524 588 285 1.29 0488
NL-16 924 738 0463 239 1150 609 55 1 0493 948 15 33 566 761 318 172 0432
NL-17 596 632 0508 205 1280 614 522 896 0481 904 319 288 559 730 309 1.18 0437
NL-18 115 741 0524 225 1420 638 526 217 049 933 316 341 560 745 290 107 044
NL-19 13 761 0558 241 1190 735 552 1 051 948 331 353 548 902 363 0.3 0.445
NL-20 788 704 0503 223 1180 672 511 1 0472 877 311 325 506 8075 32350.76750.3945
NL-21 511 722 0543 236 1210 746 538 243 0482 942 327 322 559 896 382 1.73 0.398
NL-22 112 742 0613 235 1410 858 548 652 0509 951 433 324 581 951 432 157 0415
NL-23 953 750 0597 259 1260 750 545 1 0485 956 342 345 595 1040 383 03 0435
NL-24 10 784 0406 267 982 529 6.81 1 05 1100 15 318 658 856 401 1.6 0435
NL-25 139 793 065 269 1470 900 6.02 49 0519 1050 434 353 646 1140 440 1.08 0454
NL-26 116 8.04 0547 265 1390 701 627 1 0544 1060 312 367 660 964 387 1.16 0477
NL-27 6.99 7.02 0375 256 1150 443 592 992 0504 1010 15 31 663 445 298 0.893 0458
NL-28 6.1 728 039 251 979 503 6.57 96 0482 1060 15 292 634 832 388 142 0416
NL-29 6.16 642 0341 233 1080 360 484 506 0457 846 15 307 564 285 226 129 0418
NL-30 706 7.44 05 2785 1680 4125 5895 2325 0668 1034 3.91 3.9 7535 2765 243 15505635
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Supplementary data C

Chemical composition of the tailing samples, Crosswise lake mine tailings

FINAL RESULTS

(mag/Kg)

ELRFSLABEL Ag Al As Ca Co Cu Fe Hg K Mn Mo Na P Pb Sb Se Ti Vv Zn Zr

C =Crosswise

Laketailings site ppm wi% wi% wi% ppm ppm wi% ppmwi% ppm ppm wi% ppm ppm ppm ppm wi% ppm ppm ppm
C-1 53 1040 0214 118 922 236 107 41 1:61):25500 15 2241 542 84 355 134 0554 314 135 97
119 1900 15 128 327 672 238 196 0491 207 922 635

Cc-2 652 530 0.161 6.31 699 175 753 1

C-3 461 6.37 0144 703 780 184 763 1 124 1920 15 151 321 511 241 0824 0451 227 842 597
C-4 237 677 0125 719 725 191 785 1 13 2040 15 166 329 509 198 224 0492 247 945 603
C-5 342 7.050.0975 7.07 616 181 758 1 125 1970 15 18 303 504 175 126 047 245 909 599
C-6 444 748 0108 768 674 189 827 1 139 2140 15 195 342 549 191 329 0535 265 974 653
Cc-7 416 6.63 0.115 6.68 579 187 773 1 128 1870 15 169 358 615 147 145 0463 245 104 584
C-8 401 7.010.0967 681 525 178 767 1 124 1860 15 195 376 67 131 156 0493 263 106 623
Cc-9 453 7.180.0796 538 452 169 786 1 108 1710 15 256 571 67 104 184 0651 269 130 813
C-10 54 790 0196 244 1100 1345 763 1 07410935 15 2885 748 67 1335 279 0.524 2025 1305 1105
C-11 35 803 0209 103 1280 934 676 1 057 695 15 314 805 67 113 176 0404 155 103 113
C-12 532 836 0.186 1.73 1140 113 738 10676 930 15 32 792 67 124 213 0464 186 117 111
C-13 6.13 747 0166 433 471 160 731 1 112 1720 15 3.05 801 67 14 115 065 249 184 103
C-14 569 7.17 0285 621 641 221 941 1 156 2750 15 245 882 67 208 131 0732 329 304 876
C-15 514 658 0276 523 581 350 99 1 121 2870 15 261 1230 67 225 161 0826 342 433 924
C-16 481 651 0251 484 547 288 875 1 0999 2560 15 254 1120 67 196 124 0733 319 402 818
Cc-17 561 523 0197 409 303 247 871 1 131 2400 15 27 1100 67 193 271 0989 293 329 102
C-18 517 7.07 0.196 475 325 228 841 1 118 2370 15 328 1050 67 17.8 0.663 0909 319 316 936
C-19 548 7.05 0244 479 478 254 887 1 118 2430 15 32 1080 67 215 235 093 323 348 989
C-20 568 8.04 0417 1585 2120 173 801 106295 1185 15 3.13 9515 67 234 263505015 2055 4395 122
c-21 31 7.80 0259 268 1150 148 772 1 0913 1530 15 3.01 841 67 23 164 0573 251 283 879
C-22 44 810 0201 495 586 181 871 1 126 2200 15 306 856 67 274 111 0.743 338 247 696
Cc-23 486 7.67 0229 485 636 213 901 1 123 2250 15 283 865 67 322 127 0732 340 283 699
C-24 583 9.04 0262 6.19 865 247 112 1 145 2760 15 3.17 1060 67 431 214 081 406 335 844
C-25 592 894 0121 6.61 465 131 103 1 153 2540 15 326 1020 67 251 175 0807 360 178 815
C-26 287 7.370.0479 511 225 738 761 1 123 1860 15 27 727 67 13 129 0625 262 109 632
Cc-27 401 55200484 456 233 128 744 1 123 1800 15 195 757 67 132 226 065 241 118 647
C-28 438 6.770.0534 513 251 853 786 1 127 1920 15 246 783 67 147 171 0674 262 115 689
C-29 438 7.110.0449 515 221 101 773 1 125 1890 15 26 731 67 144 166 0659 260 113 677
C-30 471 6.820.0647 554 281 1685 8685 1 127 2180 15 238 8735 67 197 1197 08 2825 1385 737
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Supplementary data D
Chemical data from two additional profiles at site A and B
sampled by Courchesne et al. 2019
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S13 Additional geochemical data of site A and B from Courchesne et al. (2021)
(a) ContactpH, (b) Eh and (c) total sulfur



Supplementary Data E

S 14 Visual Minteq calculations using the pore water chemistry C17 from Percival, J.B., Kwong, YT.J. Dumaresq,

C.G, Michel, FA. (2004) Transport and attenuation of arsenic, cobalt and nickel in an alkaline environment (Cobalt,
Ontario) Geological Survey of Canada Open File 1680 and the thermodynamic data for FeOHCO; with log K = 10.76 from
Grivé, M., Duro, L., Bruno, J. (2014) Fe(lll) mobilisation by carbonate in low temperature environments: Study of the

solubility of ferrihydrite in carbonate media and the formation of Fe(lll) carbonate complexes Applied Geochemistry 49, 57—
67.

H+1 0}

Ag+1 98.0

Al+3 3647

As(V) 114800.0

Ba+2 14.2 Ay
Ca+2 40800.0 pH=8
Cd+2 2.36 .
Co+2 37210 Total concentrations
Cr(in) 16.57 -1
Cu+2 1291.0 HE L
Fe+3 879.0

Hg(l) 2266

Mg+2 3503.0

Mn+2 10.97

Mo(V1) 4798

Na+1 283900.0

Ni+2 1035.0

P (PO4) 418.0

Pb+2 3091.0

Rb+1 25.58

S (S04) 159000.0

Sb(V) 2949.0

Si (H4Si04) 11590.0

Sr+2 1440

Ti(V) 54.4

V(V) 786

W(VI) 228

Zn+2 12.85




S 15 Assumption 1: pore waterin equilibrium with calcite,
lonic strength = 0.0216

Output data for Fe-species: Output data for Fe-minerals:

Concentration Activity Log activity Mineral log IAP Sat. index
Fe(OH)2+ 1.4844E-08 1.2864E-08 -7.891
FeAsO4:2H20(s) -25.031 -4.831
Fe(OH)3 (aq) 7.1953E-10 7.2312E-10 -9.141
Fe(OH)4- 1.6644E-09 1.4423E-09 -8.841 Ferrihydrite 5.859 2.659
Fe(S04)2- 1.163E-18 1.0078E-18 -17.997 Ferrihydrite (aged) 5.859 3.169
Fe+3 2.6266E-18 7.2388E-19 -18.14
Goethite 5.859 5.368
Fe2(OH)2+4 6.6086E-23 6.6839E-24 -23.175
Fe3(OH)4+5 7.0018E-28 1.9516E-29 -28.71
FeH2P04+2 1.9065E-20 1.0751E-20 -19.969
FeHPO4+ 3.3779E-14 2.9272E-14 -13.534
FeOH+2 1.2254E-12 6.9106E-13 -12.16
FeOHCO3 0.000015722  0.000015801 -4.801
FeS04+ 3.5786E-17 3.1011E-17 -16.508

Species distribution for Fe3+-species:
FeOHCO3 99.889

Fe(OH)2+ 0.094
Fe(OH)4- 0.011



S16 Assumption 2: pore waterin equilibrium with CO, atmosphere
lonic strength = 0.0216

Output data for Fe-species:

_ . o Output data for Fe-minerals:
Concentration Activity Log activity

Mineral log IAP Sat. index
Fe(CO3)3 1.2177E-10  3.4655E-11 -10.46
Fe(OH)2+ 2.0807E-08  1.8095E-08 -7.742 FeAs04:2H20(s) -24.877 -4.677
Fe(OH)3 (aq) 1.0125E-09  1.0172E-09 -8.993 Ferrihydrite 6.007 2.807
Fe(S04)2- 1.8486-18  1.6072E-18 -17.794 _

Goethite 6.007 5.516
Fe+3 3.5781E-18  1.0183E-18 -17.992
Fe2(OH)2+4 1.2351E-22  1.3226E-23 -22.879
Fe3(OH)4+5 1.78276-27  5.4326E-29 -28.265
FeH2P04+2 2.9558E-20  1.6909E-20 -19.772
FeHPO4+ 5.2935E-14  4.6037E-14 -13.337
FeOH+2 1.6994E-12  9.7212E-13 -12.012
FeOHCO3 0.000015715  0.000015789 -4.802
FeSO4+ 5.3408E-17  4.6448E-17 -16.333

Species distribution for Fe3+-species:

FeOHCO3 99.847
Fe(OH)2+ 0.132
Fe(OH)4- 0.015



Supplementary data F
Composition of the arsenides (primary minerals) characterized with SEM
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S17 Triangle diagrams depicting the proportionsof A. Co vs. Fe vs. As and B. Co vs. Ni vs. As



Composition of the arsenate cements characterized with SEM
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S18 Triangle diagrams depicting the proportionsof A. Co vs. Fe vs. As and B. Co vs. Nivs. As



Supplementary data G
Selected Area diffraction pattern,
Fast Fourier Transformation pattern of lattice fringes
and semi-quantitative chemical analyses
for the major phases identified in the FIB section

Note that the concentrationsfor Oxygen are not listed in all chemical analyses



(a) STEM-EDS and (b) chemical distribution map for Fe (blue), Co (green) and As (red) for
area 1; the chemical analyses listed in S17 are numbered from 1 to 4.
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Semi-quantitative chemical analyses for the areas numbered 1 to 4 in S16b

1

Spectrum:1

Element Series Netunn.Cnorm.CAtom.CError(3 Sigma)

wt3%] [wt3%] [at%]  [wt.%]

MagnesumK-series 3621 9.02 502 7.97 1.00
Aluminium K-series 3805 10.16 10.16 8.09 112
iron K-series 5019 17.98 1798 692 1.89
Silicon K-series 4833 12.68 12.68 9.70 0.63
Oxygen K-series17462 50.16 50.16 67.33 473

Total: 100.00 100.00 100.00

Spectrum:1

Element Series Netunn.Cnorm.CAtom.CError(3 Sigma)
[wt.%] [wt.%] [at.%] [wt.%]

Oxygen K-series2536 33.50 33.50 67.77 3.69
Iron K-series 7 0.11 0.11 0.07 0.21
ArsenicL-series1727 31.22 31.22 13.48 9.82
Zinc K-series 558 12.14 12.14 6.01 2.06
Nickel K-series 727 13.24 13.24 7.30 2.05
Cobalt K-series 551 9.79 9.79 5.37 168

Total:100.00 100.00 100.00

S20

2

Spectrum:1

Element Series Netunn.Cnorm.CAtom.CError (3 Sigma)
[wt.%] [wt.%] [at.%] [wt.%]

Oxygen K-series1514 32.35 32.35 67.36 3.81
Iron K-series 6 0.18 0.18 0.11 0.30
Arsenicl-series1118 32.69 32.69 14.54 10.48
Zinc L-series1286 29.77 29.77 15.16 9.47
Nickel K-series 80 267 267 151 101
Cobalt K-series 81 2.34 234 132 0.93

Total:100.00 100.00 100.00

4

Spectrum: 1

Element Series Netunn.Cnorm.CAtom.CError (3 Sigma)
[wt.%] [wt.%] [at.%] [wt.%]

Oxygen K-series1061 30.49 30.49 65.28 4,00
Iron K-series 0 0.00 000 0.00 0.00
Arsenic L-series 784 30.83 30.83 1409 10.13
Zinc K-series 686 32.42 3242 1698 5.01
Nickel K-series 80 3.13 3.13 183 124
Cobalt K-series 82 3.14 3.14 183 123

Total:100.00 100.00 100.00



Occurrence of a mineral with the tsumcorite-group
A;M,(X0,),(OH,H,0),structure type

MAG: 225kx HV: 200kV

d tsumcorite-grou
S21 (a) STEM-EDS image, (b) chemical distribution A1M2(X04)2(3H:HF2)0)2
map for Fe (blue), Zn (green) and Ni (red), c B-spacing [A] (hi)
SAED pattern and d observed d spacings & )
with (hkl) indices of a mineral of the tsumcorite i: féz:
group in an alteration halo (1) within an Co-Ni-arsenate '

mineral with the vivianite structure type (3) and
in close association of a mineral of chlorite group (2) and Zn-
arsenate (4); the chemical analyses for (1)-(4) are listed in S22



Semi-quantitative chemical analyses of the areas depicted in S20b

1

Spectrum:1

Element Series Netunn.Cnorm.C Atom. CError (3
Sigma)
[wt.%] [wt.%] [at.%] [wt.%]

Iron K-series1951 25.72 25.72 28.05 3.05
Cobalt K-series 190 2.70 2.70 2.79 0.75
Nickel K-series 191 2.79 2.79 2.89 0.77
Zinc K-series 90 1.56 1.56 1.45 0.62
Silicon K-series 357 3.44 344 7.45 0.63
Arsenic L-series2819 40.77 40.77 33.14 12.61
AluminiumK-series 110 1.07 1.07 2.43 0.40
Calcium K-series1147 12.51 12.51 19.01 1.71
Lead M-series 439 9.45 9.45 2.78 6.02

Total: 100.00 100.00 100.00

Spectrum:1 3

Element Series Netunn.Cnorm.C Atom. C Error (3 Sigma)
[wt.%] [wt.%] [at.%] [wt.%]

Iron K-series 254 2.29 2.29 2.64 0.58
Zinc K-series 415 4.92 492 4,84 0.97
Nickel K-series1790 17.79 17.79 19.47 2.17
Cobalt K-series 2614 25.36 25.36 27.65 2.86
Arsenicl-series4719 46.61 46.61 35.97 14.27
SiliconK-series 125 0.86 0.86 1.96 0.31
CalciumK-series 291 2.17 2.17 3.48 0.53

Total: 100.00 100.00 100.00

$522

Spectrum:1 2

Element Series Netunn.Cnorm.C Atom. CError (3 Sigma)
[wt.%] [wt.%] [at.%] [wt.%]

Magnesium K-series 3210 20.25 20.25 27.07 2.19
Aluminium K-series 2647 17.91 17.91 21.57 2.00
Silicon K-series4025 26.76 26.76 30.96 1.37
Iron K-series3862 35.07 35.07 20.40 3.71

Total: 100.00 100.00 100.00

4

Spectrum:1

Element Series Netunn.C norm.C Atom. C Error (3 Sigma)
[wt.%] [wt.%] [at.%] [wt.%]

Cobalt K-series 132 5.18 5.18 6.01 1.59
Nickel K-series 106 4.21 4.21 4.91 1.45
Zinc L-series1385 43.45 43.45 45.47 13.74
Iron K-series 49 1.74 1.74 2.13 0.89
Arsenicl-series 1145 45.42 45.42 41.48 14.53

Total:100.00 100.00 100.00



D-spacing [A] (hki)
5.21 (210)
3.45 (221)
3.63 (240)

Co-Ni-As-rich mineral with the arsenohopeite
structure type

700 nm

d SpectralArea2 Colour=yellow (ZnCo Nimap)
Element Series  Netunn.(wt¥%) Cnorm. (wt3%) Catom.(at%%) C Error(3 sigma) (wt)
Oxyzen K 36.93 36.93 70.86 479
Arsenic L 32.13 32.13 13.17 10.67
Cobalt K 17.61 17.61 9.17 3.36
Nickel K 10.04 10.04 5.25 245
Zinc L 3.29 3.29 154 164
Total 100 100 99.99

S23 Chemical distribution maps for Fe (blue), Co (green) and As (red) of area 1, (b) SAED patte
(c) d-spacing and (hkl) indicesand (d) semi-quantitative chemical analysis of a Co-Ni-rich
minerals with arsenohopeite structure type



Mineral of the chlorite group (Mg,Fe)-Al(AlSi;O,,)OH,

D-spacing [A] (hkl)
3.45 (-1-13)
1.68 (-1-37)
3.90 (-1-13)
2.44 (-1-33)

S24 (a) TEM image, (b) SAED pattern and © selected d-spacings and (hkl)

for a mineral of the chlorite group in area 1; the area from which the SAED pattern
was recorded is encircled in (a).



Co-Ni-rich arsenate with the Arsenohopeite structure type

D-spacing [A] (hki)

c 5.15 (210)
3.63 (2 40)

2.43 (270)

2.58 (420)

S25 (a) TEM image, (b) SAED pattern and (c) selected d-spacings and (hkl)
mineral with the arsenohopeite structure type in area 1; the area from
which the SAED pattern was recorded is encircled in (a).



Area #2

Fe ©
test 110

Zn (&8

test 110 >
HAADE MAG: 28.5kx HV. 200kV 3 HAADF MAG: 28.5kx HV: 200kV" &

Minerals of the vivianite group
Scorodite

Albite
Minerals of the chlorite group

S$26 (a) STEM-EDS image and (b)-(c) chemical distribution for (b) Zn (blue), Co (green)
and Ni (red) and (c) Fe (blue), Si (green) and Al (red) of area 2; semi-quantitative chemical
analyses for the phases numbered (1)-(8) are given in S24 and S25.



Ni~=As

Q2

Co=Ni
Co+Ni=As

CoNiZn-AsO

1

1Element Series Netunn. Cnorm.CAtom. CError(3 Sigma)
[wt.56] [wt.5¢] [at.56] [wt.58]

Oxygen K-series1751 3583 35283 £5.19% 420

Nickel K-series 863 2737 2737 1440 3.83
Arsenic L-series1118 3158 31.58 13.02 10.14
Manganese K-series 114 2.82 2.82 1.58 0.96

Calcium K-series 105 2.25 2.25 1.73 0.80

Zinc L-series 7 0.15 0.15 0.07 0.28

Total: 100.00 100.00 100.00

3 3

Element Series Netunn. Cnorm.CAtom. C Error(3 Sigma)

[wt.36] [wt.%6] [at.3%] [wt.56)

Oxygen K-series1312 3418 3418 6756 4.25
Calcium K-series 37 101 101 0.81 0.61
Manganese K-series 80 2.54 2.54 147 1.01

Nickel K-series 354 1281 12381 6.94 2.55
Zinc K-series 154 6.65 6.65 3.24 190

Arsenic L-series 851 30,57 30.57 12.88 9.99

Cobalt K-series 347 12.25 1225 6£.61 2.46

Total: 100.00 100.00 100.00

2

2
Q2 Element Series Netunn. Cnorm.C Atom. CError(3 Sigma)
Zn+Co+NizAs [wt.36] [wt.%¢] [at.5¢] [wt.56]
Oxygen K-series1491 3165 3168 6607 3.84
Calcium K-series 32 0.80 0.80 0.67 0.51
Manganese K-series 46 1.18 1.18 0.72 0.65
Nickel K-series 188 5.85 5.85 3.33 1.51
Zinc K-series 717 2529 2529 1250 3.87
Arsenic L-series1014 28.80 25.80 13.27 8.63
Cobzlt K-series 186 5.38 5.38 3.05 1.43
Total: 100.00 100.00 100.00
4
Q2 Element Series Netunn. Cnorm.C Atom. C Error(3 Sigma)
Ni=>Co+Zn [wt.38] [wt.56] [at.5¢] [wt.3¢]

Oxygen K-series1629 4028 4028 7318 478

Calcium K-series 48 1.23 1.23 0.8% 0.65
Manganese K-series 81 2.44 244 128 0.97

Nickel K-series 547 1879 1878 831 3.16
Zinc L-series 25 0.66 0.66 0.2% 0.58
Arsenic L-series 841 2876 28.76 11.16 5.41
Cobalt K-seres 233 7.84 7.84 3.37 1.87

Total: 100.00 100.00 100.00

S$27 Semi-quantitative Chemical analysis for the areas numbered in $23b and ¢



Q2
CoNi-AsO

FeNi-AsO

5

Albite
Element Series Netunn. Cnorm.C Atom. C Error(3 Sigma)
[wt.58] [wt.5%6] [at.58] [wt.36]
Oxygen K-series1633 3576 3576 6961 425
Calcium K-series 31 0.80 0.80 0.82 0.51
Manganese K-series 42 1.13 1.13 0.64 0.64
Nickel K-zseries 463 1408 1408 7.47 2.53
Zinc L-series 383 8.17 39.17 4.37 3.28
Arsenic L-series 879 29.63 28.63 12.31 9.59
Cobalt K-series 317 9.42 9.42 458 197
Total: 100.00 100.00 100.00
SElement Series Netunn.Cnorm.C Atom. CError(3 Sigma)
[wt.56] [wt.56] [at.5¢] [wt.36] Fe-AsO

Oxygen K-series1558 39.47 3847 7259 472
MagnesiumK-series 0 0.00 0.00 0.00 0.00
Iron K-series 388 1235 1235 6.51 2.37

Nickel K-series 382 1379 1379 681 2.63
Arsenic L-series 831 32.56 32.56 12.79% 10.57
Zinc K-series 10 0.48 0.48 0.22 0.54

Calcium K-series 50 1.35 1.35 0.99 0.69

Total: 100.00 100.00 100.00

6

1 Element Series Netunn. Cnorm.C Atom. C Error(3 Sigma)
[wt.56] [wt.5¢] [at.3¢] [wt.3¢]

Silicon K-series4320 32.84 32.84 23.57 151
Aluminium K-series 1572 10.68 10.68 7.88 1.33

Sodium K-series1220 7.11 7.11 6.23 0.96
Oxygen K-series6810 4937 4937 62.21 4.87

Total: 100.00 100.00 100.00

7

14Element Series Netunn.C norm. C Atom. C Error {3 Sigma)
[wt.58] [wt.5¢] [at.58] [wt.38]

Oxygen K-series838 33.99 3398 6648 4865
Iron K-series 593 28.20 28.20 15.80 458
Arsenic L-series631 32.89 3289 1373 11.01

Aluminium K-series 45 1.62 1.62 1.88 0.81
Titanium K-series 29 1.22 1.22 0.80 0.80
Calcium K-series 19 0.85 0.85 0.66 0.66
Cobalt K-series 24 1.23 1.23 0.66 0.89

Total: 100.00 100.00 100.00

S28 Semi-quantitative chemical analysis for the areas numbered in $23b and ¢



C Co-Ni-arsenate of the
vivianite group

D-spacing [A] (hkl)
2.66 (041)
3.86 (-201)

S29 (a) TEM image and (b) SAED pattern of a selected area in area 2 (encircled in (a);
(c) corresponding d-spacing and (hkl) of a Co-Ni-arsenate of the vivianite group



Co-Ni-rich arsenate with of the vivianite group

C

S30 (a) TEM image and (b) SAED pattern from a selected area (encircled in (a)) and
(c) d-spacings and (hkl) indices of a Co-Ni-rich arsenate of the vivianite group

D-spacing [A] (hki)
3.40 (221)
1.62 (-55 1)
3.28 (-131)
2.45 (-401)

1 5.00 1/nm




“'Ni-arsenate =

" scorodite

Fe
test 110
HAADF MAG: 28.5kx HV: 200KV

d Ni-arsenate-bearing minerals of the
vivianite group
D-spacing [A] (hkl)
2.64 (330)
1.88 (202)
2.40 (-401)
1.90 (202)
1.97 (-441)

S31 (a) Chemicaldistribution map for Fe (blue), Co (green) and As (red) for area 2;

(b) TEM of the interface between a Ni-arsenate of the vivianite group and scorodite
(indicated with a black box in (a)); (c) FFT pattern of a selected area in (b) (indicated with a
red box) and (d) D-spacings and (hkl) indices of a Ni-arsenate mineral of the vivianite group



“Ni-arsenate

scorodite

d Scorodite FeAsO,-2H,0
D-spacing hkl index
5.66 (1)
2.48 (231)
1.97 (511)

S32 (a) TEM of the interface between a Ni-arsenate of the vivianite group and scorodite

(b) High-Resolution TEM of a selected area in (a) (indicated with a white boxin (a); (c) FFT

pattern of a selected area in (b) (indicated with a white box) and (d) corresponding d-spacings
and (hkl) indices of scorodite



D=5.6(111) D=7.9 (110)
scorodite vivianite

S33 (a)-(b) STEM-EDS chemical distribution maps for Fe (blue), As (red) and Ni (green) and
(c)-(e) TEM images of the replacement of scorodite by (Co, Ni)-arsenates of the vivianite

group; the areas shown in (b), (c) and (d) are indicated with squaresin (a), (b) and (c),
respectively; (e) FFT pattern from areas composed of scorodite and a mineral of the vivianite

group.



Arsenate-bearing minerals of the vivianite group
€ D-spacing hkl Index
2.65 (330)
3.03 (201)
1.96 (510)
1.79 (261)

S34 (a)-(b) TEM images and (c) FFT pattern for the area indicated with a red square in (b);
(e) Table listingthe observed d-spacing in the FFT pattern, which are characteristic for those

observed for a mineral of the vivianite group.




Area #4

r. unaltered chlorite

% & A7

unaltered chlorite

Altered chlorite

Fe

test 112
HAADF MAG: 28.5kx_H\:200kV

S35 (a) STEM-EDS image and (b)chemical distribution for (b)Fe (blue), Co (green)

and As (red); semi-quantitative chemical analyses for the chlorite numbered (1)-(4)
are given in S33.




Spectrum:1 1

Element Series Netunn.Cnorm.C Atom. C Error (3 Sigma)

[wt.%] [wt.%] [at.%] [wt.%]

Nickel K-series433 21.17 21.17 13.39 3.86
Iron K-series423 18.71 18.71 12.44 3.45
AluminiumK-series 189 6.23 6.23 8.57 1.56
Silicon K-series812 26.39 26.39 34.89 2.91
Magnesium K-series 508 15.66 15.66 23.92 2.59
Calcium K-series 59 2.12 2.12 1.97 0.99
Arsenic L-series200 9.72 9.72 4.82 3.90

Total: 100.00 100.00 100.00

3

Element Series Netunn.Cnorm.C Atom. CError (3 Sigma)
[wt.%] [wt.%] [at.%] [wt.%]

Spectrum:1

Arsenic L-series 41 1.46 146 0.72 1.00

Iron K-series1575 50.44 50.44 33.13 6.18
MagnesiumK-series 555 12.34 12.34 18.62 2.00
AluminiumK-series 646 15.41 15.41 20.95 2.37
Silicon K-series 867 20.35 20.35 26.58 2.19

Total: 100.00 100.00 100.00

Spectrum:1 2

Element Series Netunn.Cnorm.C Atom. C Error (3

Sigma)

[wt.%] [wt.%] [at.%] [wt.%]
Arsenicl-series 3377 32.30 32.30 27.21 9.97
Zinc K-series 698 8.03 8.03 7.75 1.29
Nickel K-series2693 25.91 25.91 27.86 2.90
Cobalt K-series 3255 30.60 30.60 32.77 3.32
Iron K-series 151 1.31 1.31 1.48 0.44
CalciumK-series 258 1.86 1.86 2.93 0.48

Total:100.00 100.00 100.00

4

Element Series Netunn.Cnorm.C Atom. CError (3 Sigma)
[wt.%] [wt.%] [at.%] [wt.%]

Spectrum:1

Arsenic L-series 387 4.23 4.23 2.12 1.56

Iron K-series5024 49.98 49.98 33.53 5.11
Silicon K-series2527 18.41 18.41 24.56 1.20
AluminiumK-series 2137 15.84 15.84 22.00 1.84
MagnesiumK-series 1670 11.54 11.54 17.79 1.42

Total: 100.00 100.00 100.00

S36 Semi-Quantitative Chemical analysisfor the chlorite grains indicatedin $32



e
S37 (a)-(b) TEM images of the interior of an altered

clinochlorecrystal; the area shown in (b) is indicated
with a red square in (a); a red square in (b) indicates
the area from which the FFt patternin (c) has been

taken; (c) FFT pattern of the area indicatedin (b); (d)
d-spacings measured in the FFT pattern shown in (c).

Clinochlore (Mg,Fe)sAl(AlSi;0,,)(OH);

D-spacing (hkl)
144 (001)
7.20 (002)
4.80 (003)
3.60 (004)
2.90 (005)
433 (021)
3.25 (0-23)
275 (024)




fad Arsenohopeite structure type

D-spacing [A] (hki)
4.90 (011)
4.11 (230)
3.50 (240)

S38 (a)-(d) TEM images of the interior of clinochore crystals containing (Co, Ni)-arsenates
nanoparticleswith the arsenohopeite structure type; the areas shown in (b), (c) and (d) are

indicated with white squares in (a), (b) and (c), respectively; the area from where the FFT
patternin (f) was taken is indicated with a white square in (d); (f) FFT pattern from the area

shown in (d); (g) d-spacings measured in the FFT pattern.




MAG: 115kx HV: 200kV

Spectrum:1 1 Spectrum:1 2
Element Series Netunn.Cnorm.C Atom. CError (3 Sigma) Element Series Netunn.C norm.C Atom.C Error (3 Sigma)
[wt.%] [wt.%] [at.%] [wt.%] [wt.%] [wt.%] [at.%] [wt.%]
Sodium K-series 391 14.18 14.18 16.67 2.57 Iron K-series 1867 3.46 3.46 2.82 0.48
AluminiumK-series 4384 20.48 20.48 20.50 3.44 Cobalt K-series 9732 19.48 19.48 15.00 1.94
Silicon K-series1573 65.34 65.34 62.84 5.12 Nickel K-series 9672 19.82 19.82 15.33 1.97
Zinc K-series 2472 6.06 6.06 4.20 0.75
Total: 100.00 100.00 100.00 Arsenic L-series10239 20.86 20.86 12.64 6.38
Silicon K-series14209 19.31 19.31 31.20 0.57
AluminiumK-series 4579 6.33 6.33 10.65 0.71
Sodium K-series 2880 3.41 341 6.73 0.44
539 (a) TEM STEM-EDS and (b) chemical Calcium K-series 824 1.27 1.27 1.43 0.26
distribution map for As (red) and Total: 100.00 100.00 100.00

Al (green) of a reaction rim around albite, the areas from where the semi-quantitative
analyses (1) and (2) were taken are indicatedin (a).



Minerals ofthe vivianite structure type
D-spacing[A] (hkl)
6.71 (020)
2.60 (330)
2.03 (260)

S40 (a)-(b) TEM images of the reaction rim on the surface of albite; labelled “1” and (2) in

(a), respectively; the area shown in (b) is indicated with a green arrow in (a); (c) FFT pattern of
the area shown in (b); (d) d-spacings measured in the FFT patternin (c).



