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APPENDIX A 


Example of the Resampling Statistics procedure of 20 Analyses of Cu from experiment 10m4: 

(Comments are in Italics) 

construct a bootstrap confidence interval for the mean 

maxsize default 15000 

clear list 

numbers (42.6427.3344.51 73.8070.8576.41 64.7661.5058.2466.7335.62 12.6921.3341.17 

36.1123.6210.7117.1527.4420.13) 10m4 

find the mean of the 10m4 data and call it Mean10m4 

mean 10m4 Mean10m4 

repeat 15000 times 

repeat 15000 

take a sample of 20 with replacement from the 10m4 data and call it d 

sample 20 10m4 d 

find the mean of the resample and call it mean$ 

mean d mean$ 

keep score of the trial result and put it in dd 

score mean$ dd 

end 

calculate the 15.85 and 84. 15 % and put them into error 

percentile dd (5 95) error 

print the actual mean and the error 

print Mean1 Om4 error 

display as a histogram the variation of the mean in the resampled populations 

histogram dd 

MEAN10M4 == 41.637 

ERROR = 33.893 49.521 
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http:36.1123.6210.7117.1527.4420.13
http:12.6921.3341.17
http:64.7661.5058.2466.7335.62
http:73.8070.8576.41
http:42.6427.3344.51


Vector no. 1: DD 

I Bin 

Center 

Freq Pct Cum 

Pct 

25 15 0.1 0.1 

30 372 2.5 2.6 

35 2524 16.8 19.4 

! 40 5747 38.3 57.7 

45 4688 31.3 89.0 

50 1476 9.8 98.8 

55 168 1.1 99.9 

60 10 0.1 100.0 

Note: Each bin covers all values within 2.5 of its center. 

Successful execution. (21.1 seconds) 
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APPENDIX B 

Starting compositions for all the experiments. 

1200°C I 
Exp no. Cu iNi Fe S 
1211 74.01 20.07 1.03 4.89 
1212 49.40 44.60 1.07 4.93 
1213 30.06 63.84 1.13 4.97 
1214 9.94 83.88 1.20 4.99. 
1215 59.69 29.38 1.07 9.86! 
1216 30.04 58.93 1.15 9.88 
12m1 72.72 19.49 2.90 4.90 1 

12m2 47.91 44.22 2.92 4.95 
12m3 29.40 62.82 2.99 4.80! 
12m4 9.81 82.35 3.00 4.84 
12m5 ~m= 28.87 2.76 9.94 
12m6 58.39 2.72 9.68 
12n1 71.09 1 4.80 4.67 
12n2 47.59 42.83 4.69 4.89 
12n3 28.49 61.82 4.84 4.84 
12n4 9.62 80.70 4.77 4.91 
12n5 57.26 28.41 4.71 9.62 
1201 67.69 18.45 9.29 

~1202 45.28 41.05 9,10 
1203 27.30 59.05 9.10 4.55 
1204 9.05 77.18 9.12 4.64 
1205 54.43 27.25 9.16 9.16 
1206 27.33 54.55 8.94 9.18 

1100°C 
Exp no. Cu Ni Fe S 
11 a1 61.14 34.45 1.10 3.31 
11a2 79.24 9.90 1.00 9.86 
11a3 69.12 15.04 0.90 14.94 
11a4 58.07 25.52 1.07 15.33 
11a5 73.76 20.54 1.01 4.69 
11b1 64.94 28.70 1.18 5.18 

i 11b2 
1'Ib3 

49.47 
29.29 

44.06 
59.20 

1.46 
1.17 

5.01 
10.34 

11b4 9.92 78.75 1.27 10.06 
11b5 59.70 29.26 1.17 9.87 
11 c1 86.79 5.20 2.84 5.17 
11 c2 76.55 10.32 2.94 10.19 
11c3 66.12 16.42 2.91 14.55 
11c4 58.67 24.31 3.04 13.98 
11c5 72.41 19.54 3.15 4.89 
11 d1 62.80 29.02 3.17 5.01 
11d2 47.72 44.57 2.82 4.89 
11d3 28.95 58.16 3.02 9.87 
11d4 10.32 77.60 2.76 9.33 
11d5 58.47 28.45 2.82 10.27 
11e1 48.35 41.93 4.98 4.75! 
11e2 56.98 28.54 4.86 9.62 
11e3 66.62 14.77 4.66 13.95 
11e4 57.67 23.81 4.82 13.70 
11e5 71.04 . 19.50 4.66 4.80 
11f1 61.45 28.88 4.72 4.96! 
11f2 28.76 56.94 4.80 9.50 
11f3 8.54 77.08 4.87 9.511 
1191 81.90 4.31 9.18 4.61 
1192 71.96 9.27 9.34 9.44 
1193 64.08 13.60 9.07 13.24 

!1194 59.20 26.87 9.17 4.751 
1195 67.59 18.77 9.17 4.47, 
11 h1 54.36 23.02 8.96 13.66! 
11h2 45.02 41.24 9.20 4.55i 
11h3 27.61 54.27 9.11 9.01 
11 h4 10.60 71.32 9.09 8.99 
11h5 54.35 27.31 9.10 9.24 
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1000C C 1 

No. Cu Ni Fe 5 1 

10a 28.74 56.72 5.21 9.321 
10b 56.80 28.04 5.77 9.391 
10e1 9.14 76.04 5.04 9.78 1 

10e2 75.93 9.37 5.44 9.27 

11Oe3 18.85 66.70 5.57 8.88 
10f1 34.14 54.12 3.08 8.65 
10f4 54.90 27.50 3.80 13.80 
10g1 47.96 29.45 3.01 19.59 
10g2 9.46 77.08 3.32 10.14 
10g3 19.66 67.42 3.30 9.63 1 

10g4 72.27 8.74 10.06 8.94 
10h3 55.22 26.17 10.19 8.42 
10h4 17.84 63.79 9.57 8.79 

110i1 9.47 71.65 10.10 8.78. 
10i4 29.63 59.33 1.03 10.011 
10i5 10.18 78.74 1.29 9.78i 
10j1 68.61 16 0.87 14.52 

1 

11Oj3 62.78 31.05 0.88 5.29 
1 

10j4 77.36 9.57 3.14 9.93. 
10k1 67.26 13.96 4.53 14.26 
10k2 62.90 29.30 3.23 4.57 
10k4 62.65 12.92 12.26 12.17 
.10k5 47.88 29.16 10.81 12.14 
1013 19.65 69.17 1.06 10.11 
!1014 9.88 79.27 1.03 9.81 
1015 69.05 5.25 0.94 24.76 
10m3 39.40 44.68 1.16 14.76 
10m4 59.04 20.25 1.12 19.59 
10m5 29.13 58.05 2.99 9.83 
10n2 63.39 28.95 2.90 4.76 
10n3 67.89 14.76 3.04 14.30 
10n4 67.53 5.12 2.94 24.41 i 
10n5 9.30 68.12 2.68 19.91 
1002 39.01 43.70 2.86 14.421 
1003 19.19 2.86 19.73 
.1004 57.58 28.14 4.71 9.56 
10p2 51.39 29.32 4.88 14.41 
10p4 9.37 66.62 4.82 19.201 

10q2 63.24 4.91 9.19 22.66 
10q4 9.43 63.50 8.93 18.13 

110q5 36.35 41.18 8.94 13.54 

900C C 
Exp. No. Cu Ni Fe S 
9a3 45.23 35.56 10.00 9.21 
9b1 39.81 49.44 0.98 9.77 
9b2 21.15 67.30 0.95 10.59 
9b4 58.87 17.95 1.15 22.03 
9c1 49.25 44.89 0.93, 4.93 
9c2 67.77 16.26 1.06 14.91 
9c3 67.70 14.78 2.94 14.58 
9c4 47.32 44.69 2.96 5.03 
9c5 48.44 41.44 5.26 4.86 
9d1 41.70 38.36 5.12 14.82 
9d2 66.16 14.67 5.07 14.11 
9d3 45.13 40.52 10.04 4.31 
9d4 40.14 36.64 10.41 12.81 
9d5 62.40 13.90 10.48 13.22 
ge1 68.11 21.07 1.24 9.57 
ge2 35.47 47.99 1.24 15.30 
ge3 53.78 19.67 1.17 25.38 
ge4 5.02 58.60 1.12 35.27 
!9f1 67.62 19.76 3.10 9.51 
9f2 33.32 48.44 3.26 14.98 
9f3 5.87 57.15 3.26 33.711 
9f4 67.02 18.77 4.96 9.25 
991 63.44 17.96 9.15 9.45 
i992 50.89 18.34 9.67 21.11 
9g3 4.91 52.65 11.35 31.09 
994 9.77 43.88 10.29 36.06 
,9h1 44.51 39.23 1.04 15.23, 
9h2 9.97 49.97 1.00 39.06 
9h3 49.37 25.25 0.99 24.39 
9h4 45.41 19.26 1.18 34.15 
9h5 23.73 39.80 1.08 35.38 
9i1 0.00 54.54 1.08 44.39 
9i2 43.56 39.55 2.88 14.01 
9i3 54.07 19.09 2.95 23.88 

10.35 48.67 2.79 38.18 
9i5 48.25 24.18 3.00 24.58 
9j1 44.63 19.20 2.87 33.30 
9j3 0.00 52.61 2.99 44.40 
9j5 34.56 46.16 4.82 14.46r 
9k1 52.63 18.33 4.79 24.24 
9k2 4.71 57.60 4.77 32.92 
9k4 48.17 24.23 4.85 22.75 
9k5 42.56 19.50 4.55 33.40 
911 23.49 37.93 4.90 33.68 
912 0.00 52.33 4.84 42.83 
913 32.13 44.75 9.51 13.61 
914 44.94 23.07 9.09 22.901 
915 40.98 18.74 9.04 31.24' 
9m1 22.23 35.93 9.49 32.35 
9m2 0.00 49.15 8.94 41.91 

1 
9m3 58.39 4.31 9.16 
19n3 64.221 4.96i 1.13 
9n5 9.71 

1 

1902 18.68 
47.991903 
36.50,904 
18.221905 

906 9.34 

77.71 
67.02 
28.42 
45.12 
63.52 
72.05 

2.80 
4.79 
4.64 
9.36 
8.99 
9.13 

28.141 

29.68, 
9.78 
9.51, 

18.95 
9.02 
9.26 
9.47 
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800°C 
Exp. No. Cu Ni Fe S I 
18a1 9.45 58.44 3.60 28.50 
8a2 3.89 82.30 3.49 10.32 
8a3 14.45 71.79 3.78 9.98 
8a4 23.75 63.11 3.07 10.07 
8a5 18.34 49.85 3.04 28.77 
8b1 75.90 9.97 4.66 9.48 
8b2 15.41 69.48 5.05 10.07 
8b3 51.33 20.21 4.87 23.59, 
8b4 47.92 25.11 5.16 21.80 
8b5 60.14 10.14 5.47 24.24 
8c2 9.94 56.48 5.33 28.25! 
8c3 66.02 19.47 5.13 9.38. 
8c4 22.23 58.81 9.76 9.20i 
8c5 5.92 74.94 9.86 9.27 
8d1 49.24 18.02 10.08 22.67. 
8d2 57.59 9.75 10.10 22.56 
8d3 9.12 53.66 10.32 26.90! 
8d4 18.43 44.82 9.93 26.82' 
8e1 79.32 9.83 1.05 9.801 

i8e2 40.14 48.38 1.10 10.38, 
8e3 25.42 63.27 1.29 10.01. 
8e4 14.55 74.00 1.03 10.41 
8f1 77.58 9.80 2.98 9.641 
8f2 48.15 23.74 3.02 25.10 
8f3 61.78 10.23 2.94 25.05 
8f4 66.93 19.64 3.78 9.64 
8f5 38.76 53.04 3.61 4.59, 
8g1 27.60 54.25 3.28 14.86 
8g2 66.67 15.09 3.14 15.09 
8g3 38.28 51.65 5.22 4.85 
894 23.99 61.41 5.01 9.59 i 

,8g5 6.27 79.54 4.83 9.37 
8h1 28.39 51.49 5.22 14.91 
8h3 17.67 48.31 5.10 28.92 
8i2 13.06 67.47 10.52 8.94 
8i3 44.86 22.95 9.83 22.36 
8i4 49.24 18.02 10.08 22.67 
8j1 5.07 83.90 1.29 9.74 
,8j2 49.04 24.81 1.04 25.11 
8j3 54.25 20.05 1.06 24.63 
8j4 64.11 10.24 1.12 24.53 
8j5 44.79 38.98 1.28 14.951 
8k1 9.89 58.74 1.12 30.251 
8k2 23.34 45.75 1.05 29.87 
8k3 69.16 19.99 1.00 9.86 
8k4 29.34 39.54 1.21 29.91 
8k5 49.31 20.41 1.06 29.23 
8k6 0.00 54.34 1.03 44.63 
811 30.8~ 27.82 1.19 40.11 
.812 28.40 39.14 2.74 29.73 
813 18.87 39.31 2.91 38.91 

700°C 

4B.82
h I 

Exp. No. Cu Ni S 
7a1 29.82 1.16 20.2 
7a2 5.54 68.63 1 24.831 
7a3 78.61 9.38 ! 0.09 11.111 
7a4 1 
7b2 
7b3 
7c1 
7c2 
7c3 10.07 64 1.31 24.62' 
7c4 i 
7d5 

i 

7e1 28.67 57.21 9.17 4.96, 
7e2 18.52 59.09 8.84 13.55 
7e3 54.07 23.28 9.42 13.24! 
7e4 27.21 32.47 9.09 31.231 
7e5 10.03 49.79 8.83 31.351 
7f1 0.00 51.04 8.87 40.09 
7f2 4.28 42.13 8.83 44.76 
7f3 29.18 62.30 3.54 4.98 
7f4 19.62 62.65 3.14 14.60 
7f5 57.73 24.81 3.11 14.361 
7g1 29.39 34.45 2.81 33.36. 
7g2 0.00 53.28 3.47 43.25 
793 3.88 44.93 2.94 48.24 
794 19.45 64.42 1.25 14.89 
7g5 8.96 55.78 1.05 34.20 
7h1 28.9'1 35.77 1.21 34.10 
7h2 58.32 25.50 1.04 15.13 
7h3 0.00 54.52 1.10 44.38 
7h4 5.5'1 44.92 1.04 48.53 
7h5 28.69 61.56 

~7i1 19.86 60.85 4. 14.57 
7i2 54.12 26.73 4.10 15.05 
7i3 26.81 34.59 5.49 33.12 
7j2 0.00 51.74 5.31 42.95 
7j3 4.50 42.81 4.93 47.75 

814 0.00 53.65 2.96 43.39 
815 29.61 28.54 2.94 38.92' 
8m2 19.12 38.54 4.87 37.461 
8m3 28.57 38.04 4.89 28.50 
8m4 48.14 19.04 4.74 28.07 i 

8m5 26.88 36.79 9.11 27.221 
'8n1 45.07 18.95 8.80 27.18 
8n2 19.02 35.97 9.07 35.94 
8n3 0.00 50.22j 8.67 41.11 
8n5 27.26 27.92 8.89 35.93 
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APPENDIX C 


Average and 95% confidence interval (ci) Data of Electron Microprobe Analyses for all the 


experiments. (*Melt = Recalculated melt analyses) 


(Digenite", ~-phaseo. MilleriteO = Sulphide phases with exsolutions) 


1200°C 
iExp. no. Phase Cu ci Ni ci Fe ci S ci No. of analyses 

1 wt% 
1211 Melt 74.44 1.53 18.66 1.65 0.65 0.04 6.26 2.29 50 

~1.03 41.76 1.49 1.09 0.13 8.41 1.82 50 

1213 Alloy 27.17 0.19 71.54 0.20 1.29 0.01 0.00 0.00 201 
*Melt 32.64 1.78 53.05 2.86 0.68 0.10 13.64 1.86 50! 

:1214 Alloy 9.16 0.10 89.29 0.11 1.55 0.02 0.00 0.00 201 
*Melt 15.42 2.76 64.85 3.50 0.52 0.10 19.21 1.41 50 

1215 

~ 
1.89 0.89 0.06 13.87 1.42 50 

1216 .;J. I ?O 1.57 50 

3wt% 

12m1 *Melt 71.19 0.31 19.34 1.01 2.01 0.05 7.47 0.96 50i 
12m2 *Melt 47.63 0.99 43.98 1.54 2.48 0.18 5.90 1.06 501 

12m3 Alloy 26.09 0.30 70.55 0.34 3.37 0.06 0.00 0.00 10 
*Melt 29.69 1.47 58.53 2.02 1.37 0.16 10.41 1.71 50 

12m4 Alloy 8.84 0.05 87.54 0.06 3.62 0.02 0.00 0.00 10 
*Melt 10.83 0.44 71.93 1.06 1.09 0.12 16.16 1.41 48 

12m5 *Melt 1 64.55 1.60 13.33 1.42 1.34 0.05 20.78 0.26 40, 
*Melt 2 61.14 0.86 25.51 1.46 2.06 0.09 11.29 0.77 501 

12m6 *Melt 28.08 2.01 57.01 2.52 2.12 0.20 12.80 1.39 50 
5 wtOJo 
i12n1 Melt 72.00 1.27 17.41 5.89 3.84 0.61 6.76 6.09 50 
12n2 Alloy 40.39 0.18 52.88 0.16 6.73 0.04 0.00 0.00 10 

1 

Melt 48.78 4.10 42.31 6.75 4.0'1 1.10 4.91 5.14 50 
12n4 Alloy 8.89 0.05 85.34 0.07 5.78 0.03 0.00 0.00 10 

*Melt 10.36 0.71 67.86 .0.98 1.42 0.20 20.37 1.33 50 
12n5 Melt 26.55 7.59 56.44 9.93 3.84 2.20 13.17 8.08 50 
10 wtOJo 
1201 *Melt 68.63 0.85 18.31 1.16 8.34 0.37 4.72 1. 15 50 

1202 Alloy 36.67 0.43 50.21 0.39 13.12 0.22 0.00 0.00 20 

*Melt 50.65 1.15 33.93 2.01 6.82 0.47 8.61 1.33 50 

1203 Alloy 23.97 0.11 64.71 0.18 11.32 0.11 0.00 0.00 20 
*Melt 32.12 1.44 51.30 2.23 6.32 

O~ 
1.75 50 

1204 IAlloy 1~ v. u.uO 20 

*Melt 50 

1205 *Melt 1 57.79 1.11 25.17 1.88 8.33 0.37 8.71 1.00 50 
.*Melt 2 65.27 1.12 6.77 0.94 6.46 0.16 21.50 0.43 50 

1206 Alloy 20.08 0.13 65.78 0.12 14.14 0.08 0.00 0.00 20 

*Melt 28.32 2.09 51.38 2.46 7.30 0.71 13.01 1.79 50 
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1100°C 
Exp. no. Phase Cu ci Ni ci Fe ci 5 ci No. of anal. 

·1 wt% 
11 b1 *Melt 64.72 1.03 27.93 1.11 0.35 0.02 7.00 1.18 75 

11 b2 47.69 0.75 0.98 0.01 0.00 0.00 20 
0.47 0.03 11.58 1.19 75 

11b3 

* 

11b4 Alloy 

11b5 *Melt 60.13 

3wt% 
11c1 DigeniteO 71.40 0.76 0.86 5.80 

*Melt 90.60 0.66 0.21 1.70 

11c2 DigeniteO 71.53 3.21 3.86 
*Melt 0.55 

11c4 *Melt 1 22.07 1.85 
13.60 0.78 

11c5 17.62 0.99 2.94 0.05 75 

i11d1 Alloy 33.76 0.76 4.54 0.41 19 
*Melt 64.89 23.40 1.57 2.46 0.19 75 

11d2 Alloy 46.60 49.45 0.35 3.95 0.07 20 
*Melt 46.69 38.35 0.93 1.52 0.12 75 

11d3 loy 69.13 0.34 5.91 0.10 20 i 

*Melt 53.71 1.44 2.20 0.22 13.82 1.34 75 

11d4 Alloy 86.50 0.17 5.14 0.00 0.00 20 
*Melt 70.75 17.41 1.22 75 

11d5 *Melt 60.23 24.98 12.30 1.20 75 

Exp. no. Phase Cu c; ci 5 ci No. of anal. 

5wt% 
11 e1 Alloy 47.08 46.65 0.79 6.27 0.26 19 

34.71 0.74 2.52 0.22 60 

4.29 0.18 75 
1 

4.37 0.08 

*Melt 2 3.66 0.12 

11e4 *Melt 1 3.98 
*Melt 2 56.94 75 

11e5 Alloy 68.03 20 
"Melt 71.97 75 

11f1 Alloy 58.38 201 
*Melt 64.20 50 

11f2 23.67 201 
30.51 50 

11f3 19 
50 
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77.88 0.14 14.10 0.13 8.03 0.04 0.00 
65.96 1.32 1.75 1.20 9.90 0.56 22.40 

62.33 0.14 0.00 0.00 20 
21.31 1.49 75 

0.00 20 

40 

20, 

60 

i11 h1 20 

75 

11 h2 20 

75 

6.19 0.37 

12.58 0.15 

6.17 0.50 

12.19 0.23 

67.00 7.21 2.25 5.3'1 0.28 20.48 50 
57.33 21.73 2.36 7.15 0.43 13.79 75 

1000°C 
Exp. no.IPhase Cu ci Ni ci Fe ci 5 ci No. of 

anal. 
1 wt% 
Fe 

!10i4 Alloy 28.43 1.59 69.3~ 1.;;;)6 2.18 O. ~ 321 
*Melt 29.12 1.93 50.36 2.17 ~10 ~ 

1.61 20 
10i5 *Melt 7.33 0.80 70.35 1.35 .11 2.46 20 
10j1 Alloy 62.70 0.93 36.11 0.71 1.18 0.44 0.00 0.00 451 

DigeniteO 74.71 2.88 3.66 2.59 0.96 -ffit 20.67 0.33 20 
*Melt 44.48 6.21 38.52 6.34 1.04 15.95 40 

~ Alloy 60.61 0.70 1.44 0.22 0.00 0.00 48 
DigeniteO 77.45 2.42 1.63 2.22 0.13 20.11 0.26 29 

11013 Alloy 20.39 0.61 78.24 0.60 1.36 0.01 0.00 0.00 20 
·Melt 19.4'1 1.78 60.52 2.02 0.29 0.04 19.79 1.29 ¥a1014 Alloy 9.85 0.19 88.67 0.20 1.48 0.01 0.00 0.00 
*Melt 7.54 0.56 71.67 0.68 0.28 0.05 20.50 

~ 
42 

1015 .Me~60 0.85 0.01 24.42 20 
10m3 *Mel . 43.58 4.20 0.51 0.07 19.47 1.19 ~ j10m4 DigeniteO 77.21 1.8 2.84 1.751 0.40 0.05 1~.oo 0.28 

·Melt 39.36 3.12 42.10 3.79 0.64 0.04 17.90 0.71 20 
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'Exp. no. Phase Cu ci Ni c; Fe ci S ci No. of 
anal. 

34.66 0.88 0.88 4.39 0.14 0.00 0.00 
52.71 0.38 0.00 0.00 
75.44 1.55 20.66 0.46 
36.14 4.16 19.95 2.10 

10g 8.39 
10.66 
17.90 

0.00 
0.34 
0.00 
1.55 

10n2 0.00 
.24 

10n3 0.00 0.00 20 
20.20 0.25 30 
23.54 0.13 75 

21.79 0.31 93, 
1002 *Melt 16.60 1.09 75 
1003 Di enite" 1.69 21.00 0.25 75 i 

*Melt 2.29 21.49 O. 30 
5wt% 
Fe 
10a Alia 28.40 0.41 63.71 0.50 7.88 0.29 0.00 0.00 31 

*Melt 28.34 2.22 49.76 2.48 2.80 0.72 19.10 2.99 20' 
,10b Alloy 0.32 0.13 22 

Dige 0 2.54 28 
10e1 Alia 30 

20 

0.00 
22.17 

52.90 4.61 0.00 0.00 
73.96 2.24 20.92 0.69 

4.83 0.75 0.00 0.00 90 1 

2.99 0.20 20.60 0.49 32. 
5.48 0.05 0.00 0.00 20 
1.83 0.29 21.01 0.22 30 

10p2 7.22 0.12 0.00 0.00 20 
2.25 0.20 21.44 0.28 30 
3. 0.14 19.18 0.45 60 

7.79 65.9'1 3.73 0.85 22.57 2.73 74 

126 


 
 
 



Exp. no. Phase Cu c; Ni c; Fe c; S ci No. of 
anal. 

76.16 2.48 14.78 1.05 9.06 1.46 0.00 0.00 188 
67.12 0.50 0.19 0.07 8.70 0.28 23.99 0.30 20 
46.65 40.92 0.25 0.16 0.00 25 
67.51 5.06 2.31 18 
13.37 72.74 20 
22.68 . 8 24 

5.29 24 
55.86 
72.42 
24.82 
70.15 
33.97 

10q2 DigeniteO 64.95 1.75 9.03 0.85 51 
10q4 *Melt 10.00 1.66 8.70 0.60 50 
10 5 Alia 23.26 0.43 14.73 0.20 0.00 20 

*l\IIelt 33.18 1.40 6.78 0.40 23.46 50 

900°C 
Exp. no. Phase Cu ci Ni c; Fe ci S c; No. of 

anal. 

1 wt% Fe 
9b1 0.51 1.85 0.03 0.00 20 

1.62 0.45 0.12 20.33 15 
1.33 0.82 0.05 18.56 8 

9b2 0.41 0.00 40 
10 

9b4 

0.00 
0.24 

ge1 0.00 
0.32 

ge2 0.16 1.94 0.00 0.00 
1.57 0.59 19.56 0.22 
6.73 0.78 19.41 2.02 

ge3 67.6'1 5.28 7.91 4.23 1.35 0.06 1.13 
49.28 6.65 23.46 5.22 0.98 0.06 1.22 

ge4 3.91 0.32 
13.25 1.14 

9h1 

9h2 

9h3 

0.11 38.49 0.26 
0.09 0.32 53.17 0.31 

66.79 3.57 2.18 1.13 0.11 25.94 1.49 20 
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Exp. no. Phase Cu ci Ni ci Fe ci S ci No. of 
anal. 

3 wt% Fe 
9c3 Alloy 50.7'1 0.32 43.91 0.31 5.38 0.07 0.00 0.00 47 

Digenite 76.12 0.54 0.67 0.56 =m 0.15 21.07 0.17 17 

9c4 Alloy 38.67 0.43 57.48 0.43 0.04 0.00 0.00 48 
DigeniteO 77.74 1.97 1.19 1.56 0.93 0.06 20.14 0.53 36 

9f1 Alloy 62.97 1.57 33.29 1.24 3.73 0.34 0.00 0.00 38 
j Digenite 78.02 0.74 0.30 0.20 1.81 0.45 19.88 0.35 40 
9f2 Alloy 34.26 0.55 59.51 0.57 6.23 0.06 0.00 0.00 46 

DigeniteO 78.41 1.28 0.69 1.10 1.37 0.27 19.53 0.26 37 
*Melt 25.24 2.62 50.57 2.55 2.27 0.17 21.92 0.77 106 

9f3 Millerite 2.91 0.97 57.80 0.99 3.68 0.04 35.61 0.33 17 
"'Melt 14.31 2.54 52.46 2.23 2.71 0.09 30.5'1 0.41 30 

9i2 DigeniteO 77.27 1.26 1.43 1.15 1.05 0.081 20.25 0.22 55 
"'Melt 20.81 3.68 55.14 3.30 1.27 0.07 22.78 0.29 49 

9i3 I~-phaseo 69.31 2.99 5.80 2.71 2.81 0.09 22.07 0.42 96 
Melt 21.31 ' 1.91 49.96 1.85 1.68 0.06 27.05 0.35 37 

9i4 Millerite 3.12 0.27 55.37 0.31 3.32 0.04 38.19 0.27 82 
Vaesite 1.42 0.02 44.45 0.43 0.43 0.01 53.69 0.43 96 
Melt 36.61 10.41 29.10 9.37 2.75 0.11 31.54 1.71 45j 

9i5 II3-phaseo 68.50 4.16 6.19 3.77 3.17 0.10 22.14 0.52 47 
"'Melt 25.50 2.94 45,83 2.78 2.40 0.04 26.28 0.30 83 

i9j1 Melt 43.04 12.60 20.10 7.40 2.72 0.67 34.13 6.07 50 
9j2 Melt 21.39 12.13 40.80 10.02 2.91 0.12 34.90 2.31 50 
!9j3 Millerite O.lU 0.02 56.31 0.54 4.22 0.07 39.37 0.48 105 

Vaesite 0.08 0.02 45.93 0.36 0.58 0.16 53.41 0.43 91 
9j4 "'Melt 6~69 () /'\1:: 

"., H33 50 
9n5 9.41 0.06 85.82 77 0.03 0.0 .00 10 

i 1.26 0.62 0.11 22.57 1.59 20! 

5 wt% Fe 
9c5 Alloy 42.20 1.13 52.04 0.92 5.76 0.24 0.00 0.00 54 

Digenite 76.19 0.99 1.23 1.09 0.12 20.6::\ 0.50 25 
i9d1 Melt 29.86 1.11 45.16 0.89 3.63 0.14 21.35 0.61 184 
9d2 Alloy 55.12 1.82 3~~1.67 7.75 0.20 0.00 0.00 86 

Digenite ..... 74.72 0.60 O. 0.25 2.98 0.39 21.81 0.26 35! 
9f4 Alloy ! 63.74 0.47 30.42 0.41 5.84 0.10 0.00 0.00 331 

Digenite 75.66 0.68 01LO.25 ::\ 9 20.96 0.37 69i 

9j5 Alloy 25.50 0.20 64.99 0.27 9.51 0.13 0.00 0.00 88. 
DigeniteO 75.03 1.18 2.07 1.18 1.66 0.10 21.24 0.28 63! 
*Melt 32.03 7.44 44.99 6.47 3.07 0.62 19.92 2.00 20. 

9k1 DigeniteO I 65.43 0.94 7.03 0.75 4.75 0.07 22.79 0.54 37' 
I "'Melt i 35.74 2.96 34.40 n 0.09 25.89 0.32 40 
i9k2 Millerite 0.80 0.04 56.23 

0.7 . ~ 
0.07 36.63 0.71 20 

"'Melt 9.46 0.78 57.00 0.03 29.78 0.22 40 
9k4 DigeniteO 70.00 2.47 4.06 2.21 4.49 0.26 21.46 0.44 20 
! "'Melt 21.28 2.12 48.78 1.88 5.36 0.19 24.58 0.15 48 

~5 "'Melt 44.51 1.51 19.40 0.84 
2*= 

0.06 33.97 0.77 32 
Millerite 2.52 0.55 54.47 0.59 5. 0.08 37.26 0.63 20 

elt 39.56 2.41 25.04 2.13 ~0.06 30.81 0.61 40 
912 Millerite 0.07 0.01 57.07 0.59 6. 0.07 36.83 0.65 201 

!Vaesite 0.04 0.01 46.99 0.64 0.87 

*~~~r2 
20 

902 Alloy 18.33 0.44 74.35 0.37 7.32 O. .00 20 
i "'Melt 21.25 2.02 56.28 1.80 1.97 0.88 75 
903 Alloy 23.62 0.23 64.83 0.22 11.55 O. 0.00 0.00 20 

Di eniteO 72.8 1.71 2.28 1.59 3.09 0.07 21.83 0.22 70 
30.72 3.20 44.08 3.14 4.72 0.29 20.47 O. 75 
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Exp. no. 

9d3 

Phase Cu ci Ni 

21.17 2.00 51.15 
73.46 0.75 0.00 
37.61 1.38 46.01 
72.66 0.67 0.30 

0.22 67.73 
1.79 2.69 
4.47 
0.76 
0.55 
0.97 
2.97 

ci Fe ci 

1.15 27.69 
O. 5.20 
1.30 
0.19 
0.30 
1.41 
2.63 
0.47 

s 

0.00 
21.34 

ci 

0.00 
0.50 
0.00 
0.27 

No. of 
anal. 

15! 
273 

22 
67 

913 

914 3.56 3.98 
3.65 42.05 

915 0.31 18.58 
9m1 

9m2 

9m3 
904 0.78 66.22 

1.35 2.1 
905 15.30 0.31 72.07 

20.65 1.65 53.31 
906 *Melt 10.99 0.65 61.98 

55 
20 
25 
29 
28 
40 
40 
50! 
50 
29 1 

98 
100 

75 
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aoo°c 
Exp. no. 

1 wt% 

Phase Cu ci Ni Fe ci s ci No. of 
anal. 

8e1 81.49 0.02 0.00 0.00 20 

8e2 

8e3 

8e4 

78.00 

24.57 

30.39 
21.79 

15.76 

0.08 20.25 0.67 40 

3 

18k1 

8k2 

8k3 

8k4 33.75 

k5 "'Melt 48.96 

k6 Vaesite 0.04 
Millerite 

811 -phaseo 
Vaesite 0.38 

iExp. no. Phase Cu ci Ni 

3wt% 
8a1 9.00 

8a2 

8a3 

8a4 25.06 
23.58 

8a5 16.98 

8f1 

8f2 

8f3 

.8f4 

8f5 

76.76 0.78 
21.46 2.36 
41.85 0.26 
77.91 0.36 

23.48 

ci Fe ci S 

3.49 3.27 28.74 

5.66 
0.63 

0.17 
0.26 
1.83 2.06 

59.19 0.69 1.70 
2.52 0.98 3.14 

0.23 
0.13 

0.15 

0.60 

ci 

0.57 

0.00 
0.23 

No. of 
anal. 

75! 
70 
75 
75 
75 

50 
75 

33 

90 

20 
14 

64 1 

89 
25! 

72 
16 

47 
18. 
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812 67.20 1.74 5.68 1.47 3.93 0.07 23.19 0.41 72 
5.15 0.31 56.55 0.39 2.64 0.04 35.67 0.36 20 

27.72 2.13 41.13 1.86 2.00 0.06 29.15 0.33 75! 

813 69.51 1.36 1.15 1.21 5.40 0.13 23.94 0.33 40 
3.40 55.24 0.38 3.32 0.04 38.04 0.27 40 

814 0.04 58.14 0.20 3.59 0.04 0.18 20 
0.02 46.38 0.28 0.40 0.02 0.28 30 

815 2.70 1.66 5.58 0.12 0.54 
3. 43.58 1.80 0.87 0.40 0.82 20! 

.Exp. no. Cu ci Ni ci Fe ci S ci No. of 
anal. 

80.15 0.34 16.65 0.27 3.20 0.11 0.00 0.00 34 
72.30 0.65 0.03 0.04 5.03 0.37 22.65 0.33 40! 

0.1 7.39 0.14 0.00 7 
0.65 61.93 0.98 1.65 0.22 20.32 27 
1.34 1.31 1.18 4.30 0.29 21.57 461 
5.65 49.41 4.78 6.06 0.17 24.75 201 

8b4 1.38 2.12 1.06 4.56 0.28 22.53 361 
321 

8b5 5.03 0.14 23.47 0.51 15 
2.76 0.54 33.51 1.53 12 

9.32 1.95 5.58 0.04 27.89 0.28 20 

63.79 4.48 31.20 5.00 1.19 0.00 40 
74.90 1.13 0.37 3.38 0.52 0.40 47 

0.33 6.48 
0.38 0.70 
0.22 
1.20 
2.42 

6.33 0.00 
Melt 7.04 22.42 

8h1 *Melt 

8h3 

8m2 0.32 
52.48 0.09 0.30 49, 
43.62 0.04 0.75 40' 

1.21 1.28 7.73 0.82 0.41 55 
91 

2.12 5.59 0.14 24.56 0.61 69 
0.33 3.37 0.05 37. 0.30 50 

13.85 13.57 0.15 0.00 0.00 50 
75.16 3.0'1 0.51 21.27 0.74 20 
20.90 4.52 0.11 21.18 0.44 12 

5.01 0.00 116 
8.43 22.38 9 

24.04 11 
23.24 201 
25.29 50 

9 

15 

201 
75 
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18i3 1!3-phaseo 66.44 3.71 2.42 2.02 8.19 1.19 22.95 0.61 42 

!! 
8m5 

Melt 

"'Melt 

j3-phaseo 

11.85 
16.90 

64.46 

5.94 51.10 3.85 

~82 
1. .26 

12.49 
12.73 

7.83 

0.78 
0.28 

0.17 

24.56 

24.71 

25.40 

2.72 
0.89 

0.42 

80 

100 

57 
MilieriteO 3.23 0.44 53.44 0.37 5.69 0.09 37.63 0.33 60 

8n1 I!3-phaseo 
"'Melt 18.37 5.64 44.63 4.73 6.22 0.20 30.78 0.62 201 

18n2 j3-phaseo 60.16 1.60 2.41 1.42 10.56 0.17 26.88 0.35 20 
Millerite 3.26 1.15 48.75 0.92 9.70 0.12 38.29 0.34 20 
Vaesite 1.51 0.03 43.72 0.21 1.19 0.04 53.58 0.20 24 

8n3 Millerite 0.06 0.02 50.40 0.13 10.74 0.07 38.80 0.12 20 
Vaesite 0.06 0.01 44.71 0.69 1.75 0.65 53.48 0.10 20 

8n5 Ij3-phaseo 59.33 1.41 2.27 1.27 11.22 0.19 4 20 
Millerite 2.87 0.79 47.98 0.63 10.93 0.15 38.21 0.25 201 
Vaesite 1.60 0.06 43.64 0.26 1.32 0.06 53.45 0.19 20 

Exp. no. Phase Cu ci Ni ci Fe ci 5 ci No. of 
anal. 

1 wt% 
7a1 Oi eniteO 79.20 0.55 0.09 0.11 0.17 20.11 0.45 96 

*Melt 

7a2 Melt 7.92 2.63 69.34 2.93 0.22 0.17 22.52 1.87 86 

78.76 4.69 20.65 4.56 0.59 0.00 0.00 29 
79.87 0.74 0.10 0.11 0.82 19.22 0.54 21 
2.45 9 

75.19 136 

12.99 

24.84 
79.05 

72.80 1.92 1.41 1.74 0.05 22.84 0.53 30 
0.88 0.51 0.84 0.02 36.57 0.37 20 

74.11 1.25 1.83 0.04 0.65 40 
0.85 0.46 0.13 0.33 29 
1.10 0.54 0.82 0.54 29 

7h2 0.53 0.52 1.67 18 
1.04 0.90 0.10 30 
7.37 7.47 0.22 50 

7h3 0.23 0.19 53.09 0.16 29 
0.28 1.30 0.02 37.91 0.28 30 

7h4 0.07 0.24 0.02 23.11 0.42 40 
0.47 59.17 0.27 1.73 0.03 38.63 0.29 30 

Vaesite 2.19 43.45 2.06 0.10 0.04 54.25 0.55 30 
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!Exp. no. Phase Cu ci Ni ci Fe ci 5 c; No. of 
anal. 

3wt% 
7b2 Alloy 58.52 4.22 37.03 3.38 4.44 0.94 0.00 0.00 49 

Digenite 76.32 ~0.36 0.951 1.64 0.23 21.68 0.32 57 

7c4 Alloy 22.23 . 74.74 0.42 3.02 0.08 0.00 0.00 97 
Digenite 79.43 0.51 0.18 0.22 0.40 0.10 19.99 0.46 55 

7f3 Alloy 24.08 0.29 72.09 0.30 3.83 0.03 0.00 0.00 25 
Digenite 79.41 0.43 0.19 0.22 0.48 0.23 19.92 0.20 40 
*Melt 16 

7f4 *Melt 10.40 2.52 63.65 2.07 1.51 0.09 24.45 0.47 45 

7f5 Alloy 25. 
Digenite A·10 0.52 

~ 
0.2'J ~ ?6 20.25 0.30 30. 

17g1 IB-phaseo 70.46 0.89 0.68 4.63 0.08 23.53 0.28 30 
Vaesite 1.06 0.08 46.20 0.19 0.26 0.02 52.48 0.16 30 

I Millerite I 1.61 0.69 57.75 0.62 2.23 0.05 38.40 0.64 30 
!7g2 Vaesite 0.06 0.02 46.1'1 0.39 0.53 0.17 53.30 0.33 30 

Millerite 0.08 0.02 58.72 0.29 3.64 0.06 37.57 0.28 30 
i7g3 !3-phase 

Vaesite 1.22 1.24 45.67 1.17 0.51 0.13 52.6" 0.25 30j 
Millerite 

i5wt% ! 

7c1 Alloy I 14.29 0.65 78.19 0.55 7.52 0.17 0.00 0.00 20 
Digenite 77.60 1.15 0.38 0.84 0.95 11 "Ill ?1.07 0.69 191 

7h5 Alloy 
Digenite 77.49 0.80 0.31 0.53 0.81 0.23 21.39 0.47 39 
*Melt 11.47 3.02 60.37 2.80 ' 3.26 1.04 24.90 0.50 30 

7i1 Alloy 12.53 0.45 77.60 0.45 9.86 0.09 0.00 0.00 20 
Digenite 77.39 1.15 0.41 0.93 1.53 0.19 20.67 0.47 18 
*Melt 11.30 1.76 62.58 1.39 1.93 0.10 24.19 0.33 39 

7i2 Alloy 12.87 0.78 77.09 0.58 10.04 0.28 0.00 0.00 16 
eniteO 75.08 1.36 1.25 1.20 2.20 0.10 21.48 0.43 30 

7i3 IB-phaseo 66.42 0.65 0.80 0.37 7.99 0.22 24.78 0.43 55 
Vaesite 1.37 0.42 45.58 0.38 0.60 0.08 52.46 0.41 9 
Millerite 1.43 11 55.48 0.48 4.65 0.09 38.44 0.57 24' 

7i2 Vaesite I 0.12 0.06 45.79 1.19 1.47 1.02 52.63 0.27 20 
Millerite 0.09 0.01 55.90 0.32 6.33 O.m:J ">.7.67 0.36 20 

7j3 IB-phase 68.21 0.63 0.26 0.251 4.71 0.15 I 26.82 0.53 23 
Millerite 0.97 0.27 54.20 0.36 7.04 0.14 37.80 0.40 20 
Vaesite 0.74 0.13 45.75 0.30 0.77 0.04 52.74 0.28 20 
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Exp.no. Phase Cu ci Ni ci 

10wt% 
7b3 

7c2 

7d5 

7e1 

7e2 

7e5 66.54 
1.63 

7f1 Vaesite 0.08 
Millerite 0.09 

7f2 Vaesite 0.75 0.12 43.99 
Millerite 1.73 0.61 47.00 

Fe ci 5 

0.27 12.01 0.16 0.00 
1.83 2.03 0.25 21.22 

24.67 
36.09 
24.30 
34.90 
53.87 
38.36 

0.36 1.51 0.26 53.75 
0.64 12.37 0.14 38.90 

ci 

0.00 
0.53 

0.35 

No. of 
anal. 

75 

29 
35 

21 
12 
10 
17 
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APPENDIX D 


Experiment labels according to starting Fe content: 

The phase relations and experiment labels at 1200°C. 

Starting Fe 1 2-Melt field Alloy + Melt Melt 

content 
i 

1 wtOJO Fe 1215 1212 1211 

! 1213 

1214 

• 1216 

3 wtOJO Fe 12m5 12m2 12m1 

12m3 12m6 

! 12m4 I 
5 wtOJO Fe 12n1 12n2 

12n4 

• 12n5 

10 wt% Fe 
1205 1202 1201 

1203 

1204 

1206 

The phase relations and experiment labels at 11 OO°C. 

Starting 

• content 

1 wt% Fe 

Fe 2-Melt field 

11 b5 

3 wt% Fe 11c1 

11c2 

11 c4 

Alloy + Melt 

11 b1 

11b2 

11b3 

11b4 

11c5 

11d1 

11d2 

11d3 

Alloy + Digenite + • Alloy + Digenite 

Melt 

11d4 

5 wt% Fe 11 e3 11e1 

11e4 11 e5 

11f1 

11f2 

1 

11f3 

. 10 wt% Fe 111 h1 11 h5 11192 

11h2 
I 

! 1193 

11 h3 1194 

I 
11h4 1195 
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The phase relations and experiment labels at 1000Ge. 
, Starting Fe 
I content 

Alloy + Digenite I Alloy + Digenite + 

Melt 

Alloy + Melt Digenite + 

Melt 

Melt 

i 

1 wt% Fe 

! 

10j1 

10j3 

10i4 

1013 

1014 

i0i2,3 

10m4 

10i5 

1015 

110m3 

3 wt% Fe 10j4 10f4 10f1 10g1 10n4 

10n2 10g2 1003 i0n5 

i0n3 10g3 

10m5 

1002 

5 wt% Fe 10b 10p2 10a 10p1 10p4 

10e2 10e1 10p3 

10k1 10e3 

10k2 

1004 

10 wt% Fe 10g4 10h1 i0h4 Digenite: 

10h3 i0k5 10i1 10Q2 

10q5 10q410k4 
1 

The phase relations and experiment labels at 900Ge. 
I Starting Allay + / Alloy + Alloy + Digenite Millerite IMillerite + Millerite + Melt 

p-phase + 
I Fe content Digenite . Oigenite + Melt Melt + Melt + Melt Vaesite + Vaesite 

Melt Melt 

1 wt% Fe ge1 9b1 9b2 9h3 9b4 ge4 9h2 9i1 9h4 

9c1 ge3 9h5 9n3 

9c2 

ge2 

9h1 

3 wt% Fe 9f1 9c4 9n5 9i3 9f3 9j2 9j3 9j1 

9c3 9f2 9i5 9i4 9j4 

9i2 

9n4 

i 9n6 
i 

5 wt% Fe 9c5 9d1 902 ,9k1 9k4 9k2 9k3 912 9k5 

9d2 9j5 911 

9f4 901 

903 ! 
! 

10 wt% Fe 9g1 913 905 914 9g4 9m2 9g3 

9d5 9d4 906 9g2 9m1 915 

9d3 904 9m3 

9a3 
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The phase relations and experiment labels at 800°C. 

Starting Alloy + Alloy + Alloy + P + Millerite Millerite Millerite Millerite + Millerite Vaesite Melt 

Fe Digenite Digenite + Melt Melt + Melt + + p + Vaesite + +p +p 

content Melt Vaesite Melt p 

1 wt% 8el 8e2 8e4 8;2 8k4 8k6 811 8kl 

Fe 8k3 8e3 8jl 8j3 8k2 

8jS 8j4 8kS 

3 wt% 8f1 8g1 8a2 8f2 814 812 813 8f3 8al 

Fe 8f4 8a3 815 8aS 

8fS 8a4 

8g2 

5 wt% 8bl 8g4 8b2 8b3 Bm2 Bm4 8e2 

• 

Fe Bel 8hl Bg5 Bb4 8h3 

8e3 8bS 

8g3 8m3 

10 wt% 8e4 8i2 Bdl Bn3 Bn2 8m5 8d3 

Fe 8e5 8d2 8n5 

8d4 

8i3 

8i4 

8nl 

The phase relations and experiment labels at 700°C. 

Millerite + Millerite + Millerite + Alloy + p+ Melt Melt 

Fe 

Starting Alloy + Alloy + 

Melt Vaesite + p Vaesite 

content 

Digenite Digenite + 

Melt p 

7h1 7g5 7h37a3 7a1 7a2 

Fe 

1 wt% 

7e37h47h2 

7g4 7dl 

3 wt% 7g1 7g2 

Fe 

7b2 7e4 

7g3 

7f4 

715 

5 wt% 

7f3 

7i37i1 7d2 7j2 

Fe 7;3 

7h5 

10 wt% 

7i2 

7a47d3 7f2 7d5 

Fe 

7b3 7e2 7f1 

7d4 7a57e2 

7e1 

7a3 
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APPENDIX E 

X-ray diffraction patterns of the 13 - phase and associated Ni-sulphides. 
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