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Table A. 1. I. Sulfur (piles 1 - 4) and CO2 (pile 4) analyses from samples taken from the muck 
boxes. Analyses by Lerch Bros . 

.u Pile 1/0.02% Sample # Pile 21 0.22% Sample Pile 31 0.39% Sample # Pile 41 0.67% Pile 41 
Sulfur Sulfur # Sulfur Sulfur CO2 

2-20 0.005 3-18 0.08 4-10 0.20 1-13 0.29 0.60 

2-10 0.006 3-17 0.10 4-13 0.20 1-15 0.33 0.28 

2-4 0.01 3-21 0.13 4-15 0.22 1-19 0.42 0.09 

2-6 0.01 3-6 0.13 4-2 0.23 1-5 0.45 0.17 

2-9 0.01 3-19 0.13 4-14 0.23 1-3 0.46 0.42 

2-14 O.oI 3-20 0.14 4-4 0.24 I-I 0.47 0.31 

2-16 0.01 3-8 0.18 4-11 0.24 1-14 0.48 1.24 

2-18 0.9 1 3-10 0.18 4-7 0.25 1-18 0.50 0.24 

2-19 0.01 3-4 0.19 4-21 0.28 1-23 0.54 0.67 

2-21 0.01 3-13 0.19 4-3 0.29 1-6 0.58 0.15 

2-22 O.oI 3-1 0.20 4-20 0.29 1-8 0.59 0.28 

2-23 0.01 3-7 0.20 4-17 0.30 1-22 0.64 0.22 

2-25 0.01 3-3 0.21 4-22 0.32 1-24 0.66 0.33 

2-7 0.Q2 3-14 0.21 4-19 0.33 I-II 0.69 0.71 

2-8 0.Q2 . 3-12 0.21 4-12 0.34 1-7 0.74 1.43 

2-11 0.Q2 3-9 0.21 4-24 0.36 1-25 0.75 0.32 

2-12 0.02 3-25 0.22 4-25 0.36 1-12 0.76 0.29 

2-15 0.02 3-2 0.25 4-1 0.39 1-20 0.77 0.30 

2-24 0.02 3-22 0.26 4-23 0.41 1-16 0.79 0.34 

2-13 0.03 3-11 0.32 4-6 0.49 1-19 0.80 0.09 

2-17 0,03 3-23 0.32 4-16 0.50 1-10 0.94 1.66 

2-1 0.04 3-5 0.33 4-18 0.51 1-17 0.94 0.21 

2-5 0.05 3-15 0.37 4-9 0.61 1-2 1.02 0.15 

2-3 0.07 3-16 0.40 4-5 0.81 1-9 1.04 0.23 

2-2 0.08 3-24 0.46 4-8 1.47 1-4 1.09 0.68 



Table A.1.2. Summary statistics for percent sulfur on the 25 initial samples taken from the muck 
boxes. 

I Statistic Pile 11 0.02% S Pile 2/ 0.22% S Pile 3/ 0.39%S Pile 4/0.67% S 

N of eases 25 25 25 25 

Minimum 0.005 0.08 0.20 0.29 

Maximum 0.08 0.46 l.47 l.09 

Median. 0.01 0.21 0.32 0.66 

Mean 0.02 0.22 0.39 0.67 

95% CI Upper 0.03 0.26 0.50 0.76 

95% CI Lower 0.01 0.19 0.28 0.58 

Standard Dev. 0.019 0.095 0.266 0.223 



Table A1.3. Whole rock chemistry for the 0.02% S sample of greenstone. Analysis by ACTLABS. 

Sample S S04 CO2 Si02 Ah03 FClOJ MnO MgO CaO NazO KzO Ti02 PlOs LOI Total 
ID % % % % % % % % % % % % % % % 
2-1 0.04 0.02 0.66 52.57 18.52 12.64 0.147 5.75 0.97 0.47 2.36 0.823 0.27 5.71 100.23 
2-2 0.08 0.55 52.58 19.06 11.47 0.158 5.77 0.98 0.43 2.69 0.853 0.35 5.85 100.17 
2-3 <0.01 0.02 0.11 54.49 18.99 10.26 0.126 5.62 0.71 0.44 2.75 0.826 0.39 5.39 99.99 
2-4 <0.01 <0.05 54.00 19.59 10.27 0.118 5.69 0.75 0.39 2.77 0.868 0.45 5.48 100.37 
2-5 0.04 0.02 0.51 53.37 19.24 10.99 0.167 5.67 0.79 0.40 2.83 0.861 0.32 5.69 100.33 
2-6 0.02 0.15 50.85 20.56 11.19 0.125 6.09 0.80 0.42 2.98 0.924 0.49 5.81 100.25 
2-7 <0.01 0.02 0.11 52.47 20.34 10.84 0.127 5.68 0.65 0.47 2.98 0.907 0.38 5.42 100.26 
2-8 0.01 0.33 53.73 19.24 10.43 0.126 5.67 0.89 0.42 2.91 0.832 0.36 5.43 100.03 
2-9 <0.01 0.02 0.07 53.58 19.08 10.62 0.124 5.88 0.87 0.38 2.67 0.838 0.60 5.45 100.09 
2-10 <0.01 0.11 50.42 20.70 11.50 0.143 6.40 0.65 0.39 3.02 0.895 0.38 5.85 100.33 
2-11 <0.01 0.02 0.11 55.14 18.60 10.27 0.125 5.40 1.14 0.39 2.59 0.800 0.72 5.18 100.34 
2-12 <0.01 0.07 53.38 19.61 10.60 0.122 6.16 0.66 0.36 2.66 0.847 0.44 5.66 100.50 
2-l3 <0.01 0.02 0.07 50.42 20.54 11.71 0.l30 6.87 0.58 0.39 2.39 0.9l3 0.35 6.09 100.39 
2-14 <0.01 <0.05 50.82 20.20 11.52 0.125 6.75 0.55 0.40 2.50 0.908 0.37 5.95 100.09 
2-15 <0.01 0.02 <0.05 52.46 19.88 11.07 0.122 6.16 0.63 0.45 2.64 0.877 0.41 5.63 100.33 
2-16 0.02 0.07 52.50 19.55 11.18 0.128 6.64 0.63 0.38 2.32 0.868 0.40 5.83 100.42 
2-17 <0.01 0.02 <0.05 50.25 20.47 11.71 0.140 6.81 0.62 0.42 2.62 0.911 0.39 5.97 100.31 
2-18 <0.01 <0.05 51.46 20.09 11.39 0.129 6.57 0.65 0.34 2.60 0.878 0.40 5.87 100.38 
2-19 <0.01 0.02 0.07 51.30 20.08 11.33 0.l30 6.62 0.66 0.39 2.56 0.877 0.40 5.91 100.26 
2-20 <0.01 <0.05 50.91 20.35 11.28 0.l31 6.98 0.58 0.39 2.25 0.896 0.36 6.03 100.17 
2-21 <0.01 0.02 0.48 52.07 19.18 11.42 0.160 6.49 0.88 0.33 2.58 0.834 0.29 6.17 100.41 
2-22 <0.01 <0.05 49.91 20.58 12.06 0.l36 7.36 0.50 0.40 2.06 0.9l3 0.30 6.28 100.50 
2-23 <0.01 0.02 0.07 50.86 19.59 . 12.20 0.124 7.36 0.48 0.43 1.67 0.877 0.30 6.27 100.16 
2-24 <0.01 <0.05 50.99 19.67 11.90 0.l31 7.26 0.72 0.39 1.95 0.864 0.46 6.03 100.37 
2-25 <0.01 0.02 <0.05 50.78 19.72 11.89 0.l32 7.11 0.73 0.38 2.06 0.872 0.49 6.16 100.33 



Table AlA. Whole rock chemistry for the 0.20% S sample of greenstone. Analysis by ACTLABS. 

Sample S S04 COz SiOz AhOl FezOl MnO MgO CaO NazO KzO TiOz PzOs LOI Total 
ID % % % % % 0/0 0/0 % % % % % % % % 
3-1 0.20 0.59 60.07 14.83 10.84 0.111 5.07 1.29 0.39 1.75 0.663 0.27 5.05 100.34 
3-2 0.24 0.09 0.18 59.62 14.26 11.26 0.099 6.10 0.93 0.25 1.33 0.644 0.43 5.28 100.21 
3-3 0.19 0.22 59.90 15.21 10.38 0.099 5.81 0.72 0.27 1.67 0.688 0.35 5.28 100.37 
3-4 0.18 0.02 0.18 65.68 13.23 9.41 0.081 3.68 0.52 0.39 1.68 0.550 0.19 4.11 99.53 
3-5 0.33 <0.05 61.29 14.50 10.44 0.093 4.90 0.61 0.35 1.48 0.625 0.22 4.75 99.26 
3-6 0.14 0.02 <0.05 61.48 14.25 10.17 0.095 6.02 0.70 0.26 1.26 0.645 0.42 4.93 100.23 
3-7 0.20 <0.05 62.74 14.43 9.13 0.077 5.05 0.67 0.24 1.76 0.632 0.43 4.47 99.62 
3-8 0.17 0.05 <0.05 58.05 15.55 11.11 0.099 6.12 0.83 0.20 1.67 0.745 0.54 5.14 100.05 
3-9 0.19 <0.05 60.01 13.59 10.90 0.097 5.83 0.82 0.26 1.34 0.610 0.49 4.70 98.64 

3-10 0.16 0.02 <0.05 59.56 15.23 10.71 0.096 5.92 0.64 0.25 1.53 0.691 0.44 4.92 99.98 
3-11 0.22 <0.05 61.45 15.30 9.33 0.081 4.55 0.84 0.42 1.91 0.746 0.47 4.37 99.47 
3-12 0.35 0.02 <0.05 61.06 13.88 9.90 0.078 6.30 0.93 0.27 1.33 0.615 0.44 5.04 99.84 
3-13 0.19 0.18 60.76 14.86 10.19 0.095 5.09 1.07 0.28 1.86 0.685 0.48 4.75 100.13 
3-14 0.19 0.02 0.11 60.43 15.07 10.02 0.091 5.02 0.90 0.32 1.99 0.724 0.46 4.55 99.57 
3-15 0.36 0.29 62.05 14.23 9.23 0.078 4.93 0.89 0.27 1.86 0.623 0.39 4.56 99.11 
3-16 0.40 0.02 0.18 60.16 14.61 10.56 0.084 5.94 0.72 0.24 1.63 0.619 0.45 5.22 100.23 
3-17 0.11 0.18 
3-18 0.07 0.02 0.18 53.85 17.31 11.60 0.114 7.22 0.71 0.24 1.94 0.804 0.56 5.77 100.12 
3-19 0.14 0.11 58.01 16.57 9.90 0.086 6.23 0.72 0.28 2.02 0.728 0.41 5.13 100.09 
3-20 0.14 0.02 0.11 59.06 16.66 9.49 0.089 5.70 0.56 0.27 2.38 0.760 0.38 4.97 100.33 
3-21 0.14 <0.05 66.11 13.56 9.11 0.084 3.51 0.44 0.23 1.99 0.532 0.29 3.73 99.58 
3-22 0.24 0.02 2.70 59.39 16.84 10.26 0.104 4.56 0.50 0.24 2.64 0.703 0.28 4.91 100.43 
3-23 0.32 0.29 62.11 15.85 9.36 0.092 4.03 0.56 0.31 2.52 0.672 0.31 4.53 100.33 
3-24 0.44 0.02 0.15 62.47 14.80 9.39 0.089 4.24 0.61 0.28 2.22 0.688 0.40 4.36 99.54 
3-25 0.23 0.29 62.85 14.32 9.49 0.099 4.36 1.18 0.29 2.07 0.611 0.76 4.26 100.29 



Table AI.S. Whole rock chemistry for the 0.39% S sample of greenstone. Analysis by ACTLABS. 

Sample S S04 CO2 Si<h Ah03 Fez03 MoO MgO CaO NazO KlO Ti<h P20S LOI Total 
ID % % % % % % % % % % % % % % % 
4-1 0.40 0.02 0.18 68.63 12.49 8.04 0.076 4.10 0.38 0.42 1.28 0.504 0.21 4.05 100.18 
4-2 0.21 0.11 67.38 12.89 8.76 0.078 3.70 0.34 0.36 1.41 0.520 0.21 3.65 99.29 
4-3 0.27 0.02 <0.05 63.14 15.25 8.69 0.067 4.11 0.45 0.42 2.04 0.609 0.28 4.05 99.11 
4-4 0.24 <0.05 64.84 14.43 8.37 0.068 3.98 0.60 0.35 2.01 0.569 0.48 3.85 99.55 
4-5 0.75 0.02 <0.05 68.58 13.34 7.88 0.058 3.10 0.37 0.39 1.98 0.486 0.24 3.66 100.07 
4-6 0.48 <0.05 66.88 14.90 7.57 0.057 2.88 0.35 0.38 2.60 0.596 0.24 3.53 99.96 
4-7 0.23 0.02 <0.05 70.34 13.00 6.93 0.058 2.83 0.32 0.30 2.25 0.491 0.22 3.23 99.96 
4-8 1.33 <0.05 76.72 8.06 8.49 0.052 2.17 0.25 0.27 0.85 0.335 0.18 3.01 100.39 
4-9 0.57 0.10 <0.05 70.65 12.06 7.10 0.052 2.91 0.34 0.29 1.88 0.515 0.24 3.26 99.31 
4-10 0.19 0.07 60.98 14.81 10.49 0.083 5.65 0.70 0.39 1.49 0.672 0.48 4.54 100.28 
4-11 0.22 0.02 <0.05 65.39 14.92 8.21 0.067 3.24 0.41 0.42 2.32 0.628 0.27 3.67 99.55 
4-12 0.32 <0.05 68.83 12.26 8.51 0.065 3.71 0.54 0.31 1.57 0.509 0.39 3.49 100.18 
4-13 0.20 0.02 <0.05 69.19 13.24 8.27 0.072 2.47 0.30 0.29 2.10 0.507 0.21 3.20 99.85 
4-14 0.22 <0.05 65.93 14.66 8.66 0.071 3.37 0.45 0.41 1.95 0.647 0.29 3.65 100.08 
4-15 0.22 0.04 <0.05 65.13 14.54 8.90 0.079 3.23 0.36 0.44 2.08 0.626 0.22 3.68 99.28 
4-16 0.50 0.11 68.32 12.46 9.33 0.077 3.09 0.32 0.33 1.52 0.535 0.23 3.44 99.67 
4-17 0.28 0.02 <0.05 66.12 13.06 9.45 0.079 3.76 0.43 0.34 1.59 0.599 0.30 3.71 99.43 
4-18 0.46 <0.05 66.59 13.38 9.50 0.078 3.08 0.36 0.38 1.65 0.562 0.27 3.62 99.47 
4-19 0.34 0.06 <0.05 71.54 12.15 7.81 0.071 2.59 0.25 0.34 1.79 0.439 0.16 3.04 100.18 
4-20 0.28 <0.05 67.10 12.71 10.72 0.094 2.95 0.30 0.34 1.29 0.613 0.21 3.38 99.72 
4-21 0.26 0.02 0.11 68.82 13.08 8.49 0.073 2.95 0.41 0.52 1.47 0.557 0.20 3.40 99.97 
4-22 0.30 0.07 68.55 13.45 8.28 0.065 2.72 0.27 0.53 1.63 0.517 0.18 3.24 99.43 
4-23 0.36 0.02 0.15 70.08 12.39 8.59 0.073 2.72 0.30 0.56 1.45 0.501 0.21 3.20 100.06 
4-24 0.35 0.15 71.77 10.95 8.85 0.084 2.89 0.29 0.45 1.03 0.435 0.27 3.09 100.13 
4-25 0.36 0.02 0.37 66.38 12.73 10.66 0.131 2.93 0.35 0.63 1.31 0.486 0.23 3.63 99.47 



Table AI.6. Whole rock chemistry for the 0.67% S sample of greenstone. Analysis by ACTLABS. 

Sample S S04 CO2 Si02 AhOJ Fe20J MnO MgO CaO NalO KlO Ti02 P20S LOI Total 
ID % % % % % % % % % % % % % % % 

1-1 0.48 0.29 66.52 12.80 9.92 0.066 3.43 0.33 0.28 1.96 0.494 0.09 3.61 99.51 
1-2 0.91 0.02 0.07 66.15 12.76 10.61 0.059 3.62 0.21 0.25 1.78 0.538 0.11 3.85 99.95 
1-3 0.44 0.48 63.l3 l3.79 11.67 0.100 3.73 0.30 0.17 l.86 0.696 0.18 4.11 99.74 
1-4 1.02 0.02 0.66 64.30 12.71 11.14 0.118 3.38 0.25 0.25 1.85 0.519 0.69 4.53 99.75 
1-5 0.45 0.07 64.74 l3.64 10.28 0.058 4.07 0.25 0.19 1.87 0.598 0.11 3.88 99.68 
1-6 0.55 0.02 0.18 62.83 14.08 10.88 0.062 4.06 0.33 0.21 2.00 0.651 0.15 4.16 99.42 
1-7 0.76 1.55 62.31 12.85 12.90 0.197 3.80 0.34 0.18 1.71 0.560 0.14 5.02 100.00 
1-8 0.59 0.l3 0.26 61.20 14.28 11.44 0.101 4.36 0.24 0.21 1.99 0.6l3 0.11 4.61 99.16 
1-9 0.98 0.18 66.30 12.30 10.91 0.074 3.65 0.27 0.17 1.67 0.581 0.11 4.15 100.17 

1-10 0.86 0.02 1.75 65.43 11.12 12.92 0.223 3.20 0.24 0.20 l.47 0.419 0.14 4.87 100.22 
1-11 0.67 0.70 65.42 12.55 11.47 0.119 3.47 0.22 0.16 1.70 0.525 0.15 4.22 100.02 
1-12 0.74 0.02 0.29 68.67 12.35 9.54 0.060 2.99 0.14 0.15 1.96 0.488 0.09 3.81 100.25 
1-l3 0.29 0.62 62.65 l3.91 11.64 0.1l3 3.66 0.27 0.18 1.96 0.577 0.17 4.24 99.35 
1-14 0.42 0.02 1.25 63.85 l3.50 11.44 0.164 3.20 0.34 0.26 2.15 0.480 0.10 4.64 100.l3 
1-15 0.30 0.55 68.68 12.72 8.64 0.057 2.83 0.17 0.19 2.16 0.439 0.08 3.39 99.36 
1-16 0.72 0.02 0.33 69.98 11.98 9.14 0.068 2.73 0.15 0.21 1.91 0.414 0.07 3.63 100.29 
1-17 0.89 0.15 67.72 12.55 9.84 0.055 3.20 0.16 0.17 1.90 0.472 0.10 3.85 100.02 
1-18 0.50 0.04 0.15 67.07 l3.08 9.40 0.054 3.20 0.16 0.20 2.08 0.486 0.09 3.61 99.43 
1-19 0.40 -0.05 71.00 12.06 7.79 0.038 2.76 0.08 0.22 1.99 0.394 0.06 3.16 99.56 
1-20 0.71 0.03 0.29 68.39 12.76 9.64 0.065 2.67 0.18 0.22 2.12 0.396 0.07 3.68 100.18 
1-21 0.75 0.18 67.95 12.88 9.46 0.054 2.70 0.15 0.21 2.21 0.436 0.09 3.66 99.80 
1-22 0.60 0.02 0.22 66.62 12.78 10.28 0.062 3.46 0.14 0.21 1.81 0.496 0.08 3.87 99.81 
1-23 0.50 0.73 68.77 11.19 9.90 0.108 3.18 0.19 0.17 1.51 0.464 0.12 3.81 99.40 
1-24 0.63 0.05 0.29 66.22 l3.03 10.58 0.075 3.51 0.31 0.22 1.86 0.581 0.12 3.96 100.46 
1-25 0.68 0.37 63.79 l3.47 10.55 0.076 3.59 0.24 0.20 2.04 0.554 0.09 4.19 98.79 



Table A1.7. Trace metal chemistry for the 0.02% S sample of greenstone (values in ppm unless otherwise noted). Analysis by ACTLABS. 

Sample Au As Br Co Cr Cs Hf Ir Mo Rb Sb Sc Se Ta Th U W La Ce 
ID .I!.I!b .I!.I!b 
2-1 <5 2 <1 38 275 4.9 2.7 <5 <5 74 <0.2 28.5 <3 <1 l.4 0.7 <3 15.3 34 
2-3 <5 <2 <1 37 304 5.6 2.7 <5 <5 89 0.3 29.6 <3 <1 1.3 0.8 <3 13.8 32 
2-5 <5 <2 <1 38 292 5.3 2.4 <5 <5 68 <0.2 28.4 <3 <1 l.2 <0.5 <3 13.6 32 
2-7 <5 <2 1 38 293 4.8 2.6 <5 <5 84 <0.2 30.6 <3 <1 1.1 <0.5 <3 15.1 35 
2-9 <5 <2 <1 38 290 4.9 2.5 <5 <5 78 <0.2 29.2 <3 <1 1 <0.5 <3 13.8 31 

2-11 <5 <2 <1 34 282 5.5 2.3 <5 <5 77 <0.2 28.3 <3 <1 1.1 0.6 <3 16.9 37 
2-13 <5 <2 <1 41 304 4.7 2.5 <5 <5 61 0.2 30.8 <3 <1 1.4 <0.5 <3 13.8 32 
2-15 <5 <2 <1 39 310 4.6 2.5 <5 <5 61 0.3 29.8 <3 <1 1 0.6 <3 12.5 30 
2-17 <5 <2 <1 41 294 5.3 2.3 <5 <5 81 0.2 32.1 <3 <1 1.3 <0.5 <3 13.4 32 
2-19 <5 <2 <1 40 290 5.1 2.7 <5 <5 97 <0.2 30.7 <3 <1 l.2 <0.5 <3 13 28 
2-21 <5 <2 <1 37 283 5.1 2.3 <5 <5 89 <0.2 29 <3 <1 1.1 <0.5 <3 9.6 22 
2-23 <5 <2 <1 46 303 3.8 2.1 <5 <5 55 <0.2 30.9 <3 <1 1 <0.5 <3 1l.4 27 
2-25 <5 <2 <1 41 292 4.2 2.5 <5 <5 75 0.3 30.5 <3 <1 1.1 <0.5 <3 12 29 

Sample Nd Sm Eu Tb Yb Lu Ag Cd Cu Ni Pb Zn Bi 
ID 
2-1 15 3.7 0.9 <0.5 l.9 0.28 <0.3 <0.3 23 140 <3 92 <2 
2-3 18 3.5 1 <0.5 l.9 0.28 <0.3 <0.3 16 137 <3 89 <2 
2-5 16 3.5 1.1 0.5 2 0.32 <0.3 <0.3 32 136 <3 88 <2 
2-7 17 3.7 1.1 <0.5 2.1 0.34 <0.3 <0.3 20 142 <3 88 <2 
2-9 15 3.7 l.2 0.5 2.2 0.34 <0.3 <0.3 17 141 <3 91 <2 

2-11 18 4.3 l.5 0.7 3.1 0.46 <0.3 <0.3 54 137 <3 91 <2 
2-13 15 3.7 1.1 <0.5 l.8 0.28 <0.3 <0.3 13 166 <3 98 <2 
2-15 13 3.3 1.1 <0.5 2.1 0.33 <0.3 <0.3 23 143 <3 85 <2 
2-17 14 3.5 1 <0.5 l.9 0.29 <0.3 <0.3 17 153 <3 99 <2 
2-19 12 3.4 0.9 0.6 . l.8 0.28 <0.3 <0.3 12 145 <3 95 <2 
2-21 12 2.7 0.8 <0.5 1.4 0.25 <0.3 <0.3 19 138 <3 99 <2 
2-23 15 3.1 0.9 <0.5 l.6 0.25 <0.3 0.6 12 172 <3 103 <2 
2-25 15 3.7 l.4 <0.5 4 0.6 <0.3 <0.3 11 156 <3 97 <2 



Table AI.8. Trace metal chemistry for the 0.20% S sample of greenstone (values in ppm unless otherwise noted). 

Analysis by ACTLABS. 
Sample Au As Br Co Cr Cs Hf Ir Mo Rb Sb Sc Se Ta Th U W La Ce 

ID nnb nnb 
3-2 <5 8 <1 47 470 2.5 2.5 <5 <5 43 0.2 20.6 <3 <1 2.7 0.8 <3 23.1 49 
3-4 <5 5 <1 29 334 2.4 4.2 <5 <5 37 <0.2 16.7 <3 1 3.5 0.7 '<3 2l.8 51 
3-6 <5 7 <1 38 413 2.9 2.5 <5 <5 48 <0.2 20.7 <3 <1 2.6 1 <3 16.5 37 
3-8 <5 7 <1 38 470 2.7 3.1 <5 <5 57 0.3 2l.8 <3 <1 3.9 1 <3 23.8 54 
3-10 <5 8 <1 38 394 2.9 3.2 <5 <5 58 <0.2 20.7 <3 <1 3.2 0.8 <3 20.9 46 
3-12 <5 8 <1 38 462 2.1 2.7 <5 <5 35 0.2 19.4 <3 <1 3.2 0.8 <3 27.7 62 
3-14 <5 8 <1 34 403 2.7 4.5 <5 <5 64 <0.2 19.5 <3 <1 3.8 1 <3 3l.5. 72 
3-16 <5 9 <1 35 400 2.6 3.2 <5 <5 55 <0.2 19.6 <3 <1 3 0.9 <3 2l.2 48 
3-18 <5 4 <1 40 428 3.8 2.7 <5 <5 60 <0.2 25.9 <3 <1 2.2 <0.5 <3 14.8 33 
3-20 6 7 <1 37 335 3.3 2.8 <5 <5 66 0.2 23.4 <3 <1 3.1 1.1 <3 18.7 41 
3-22 <5 11 <1 36 350 3 3.7 <5 <5 79 <0.2 22.2 <3 <1 4.1 1 <3 22.7 50 
3-24 <5 17 <1 44 362 2.6 2.5 <5 <5 68 0.2 19.9 <3 <1 2.6 0.6 <3 17.2 38 

Sample Nd Sm Eu Tb Yb Lu Ag Cd Cu Ni Pb Zn Bi 
ID 
3-2 22 5.1 1.1 0.7 2.1 0.32 <0.3 <0.3 123 188 <3 114 <2 
3-4 21 5.4 1.1 <0.5 4.3 0.64 <0.3 <0.3 70 146 6 106 <2 
3-6 18 4.2 1.1 <0.5 2 0.3 <0.3 <0.3 175 201 <3 110 <2 
3-8 25 5.5 1.3 <0.5 2 0.31 <0.3 <0.3 97 205 <3 131 <2 
3-10 23 4.9 1.1 <0.5 2.2 0.34 <0.3 0.8 151 233 <3 121 <2 
3-12 31 6.2 1.4 <0.5 l.7 0.26 <0.3 <0.3 122 179 <3 94 <2 
3-14 35 7.3 l.7 0.7 2.1 0.31 <0.3 <0.3 83 221 7 108 <2 
3-16 23 4.8 1.2 0.7 3.5 0.56 <0.3 <0.3 91 180 <3 106 <2 
3-18 16 3.8 0.9 <0.5 l.6 0.23 <0.3 <0.3 65 216 <3 106 <2 
3-20 21 4.4 1.1 <0.5 l.8 0.27 <0.3 <0.3 96 192 <3 104 <2 
3-22 24 5 1.1 0.6 2.3 0.33 <0.3 <0.3 110 156 13 114 <2 
3-24 19 4 1 <0.5 l.7 0.25 <0.3 <0.3 131 171 <3 97 <2 



Table AI.9. Trace metal chemistry for the 0.39% S sample of greenstone (values in ppm unless otherwise noted). Analysis by ACTLABS. 

Sample Au As Br Co Cr Cs Hf Ir Mo Rb Sb Sc Se Ta Th U W La Ce 
ID l!l!b l!l!b l!l!m 
4-1 <5 7 <1 28 311 2.4 3.5 <5 <5 36 0.2 15.4 <3 <1 3 0.7 <3 17.5 39 
4-3 7 14 1 30 326 2.6 3.6 <5 <5 65 <0.2 19.3 <3 <1 3.5 1.1 <3 22.4 48 
4-5 <5 15 <1 27 288 l.8 4.2 <5 <5 54 <0.2 13.8 <3 1 4.3 l.4 <3 26.6 58 
4-7 7 20 <1 30 282 2.5 3.7 <5 <5 72 <0.2 14.5 <3 <1 3.6 0.9 <3 24.2 54 
4-9 <5 20 <1 30 343 2.5 3.3 <5 <5 64 <0.2 14.9 <3 <1 2.7 <0.5 <3 19.6 45 
4-11 5 18 <1 35 341 2.5 4.1 <5 <5 79 <0.2 18.8 <3 <1 3.8 <0.5 <3 25.2 54 
4-13 <5 37 <1 37 306 2.4 4.1 <5 <5 61 <0.2 16.3 <3 <1 3.2 <0.5 <3 18.9 42 
4-15 <5 11 <1 35 328 2.7 4.7 <5 <5 63 <0.2 19.3 <3 <1 3.9 1.1 <3 23.8 53 
4-17 <5 15 <1 41 352 2.2 3.7 <5 <5 52 0.3 19.0 <3 <1 4.0 1.3 <3 24.4 54 
4-19 <5 16 <1 33 256 2.3 5.4 <5 <5 59 0.3 13.6 <3 <1 4.8 1.5 <3 29.0 62 
4-21 <5 9 <1 35 289 l.8 4.0 <5 <5 51 <0.2 16.6 . <3 <1 3.5 0.8 <3 20.5 46 
4-23 <5 12 <1 29 297 l.6 4.5 <5 <5 55 0.3 15.4 <3 <1 3.5 l.0 <3 22.4 52 
4-25 <5 27 <1 28 305 l.6 4.2 <5 <5 58 0.2 15.3 <3 <1 4.1 1.1 <3 23.1 49 

Sample Nd Sm Eu Tb Yb Lu Ag Cd Cu Ni Pb Zn Bi 
ID 
4-1 19 4.3 0.9 <0.5 2.7 0.41 <0.3 <0.3 51 127 <3 81 <2 
4-3 24 5.0 1.1 <0.5 2.3 0.35 <0.3 <0.3 60 133 <3 82 <2 
4-5 27 5.4 1.1 <0.5 2.4 0.39 <0.3 <0.3 72 118 <3 78 <2 
4-7 24 5.3 l.0 <0.5 2.5 0.38 <0.3 <0.3 68 110 <3 74 <2 
4-9 22 4.2 0.9 <0.5 2.4 0.37 <0.3 <0.3 84 115 <3 71 <2 
4-11 26 5.6 1.1 0.7 2.4 0.37 <0.3 <0.3 65 155 <3 85 <2 
4-13 21 4.3 0.9 0.5 2.8 0.45 <0.3 <0.3 72 153 <3 86 <2 
4-15 25 5.6 1.1 0.7 3.3 0.49 <0.3 <0.3 53 163 <3 87 <2 
4-17 26 5.7 1.1 0.7 2.8 0.41 <0.3 <0.3 124 187 <3 95 <2 
4-19 31 6.3 l.2 0.6 3.3 0.50 <0.3 <0.3 57 121 <3 88 <2 
4-21 21 5.0 l.0 0.7 3.2 0.48 <0.3 <0.3 66 160 <3 88 <2 
4-23 23 5.4 1.1 <0.5 2.7 0.42 <0.3 <0.3 67 142 <3 84 <2 
4-25 25 5.4 l.0 0.6 3.0 0.44 <0.3 <0.3 71 136 <3 83 <2 



Table AI.I O. Trace metal chemistry for the 0.67% S sample of greenstone (values in ppm unless otherwise noted). Analysis by ACTLABS. 

Sample 
ID 
1-2 
1-4 
1-6 
1-8 

1-10 
1-12 
1-14 
1-16 
1-18 
1-20 
1-22 
1-24 

Au As Br Co Cr Cs Hf Ir 
ppb ppb 
<5 6 <1 24 95 2.2 5.7 <5 
<5 6 <1 23 120 2.2 6 <5 
<5 
5 

<5 
<5 
<5 
<5 
<5 
<5 
<5 
<5 

5 
5 
4 
3 
2 
4 
4 
3 
4 
5 

<1 
<1 
<1 
<1 
<1 
<1 
<1 
<1 
<1 
<1 

31 
27 
21 
21 
20 
18 
19 
18 
21 
25 

123 1.9 
179 2.8 
127 1.6 
97 2 
129 3 
123 2.2 
97 2.6 
106 2.3 
90 1.9 
131 2.3 

5.3 
4.5 
5.2 
6.6 
7.5 
6.6 
7.6 
7.8 
7.1 
5.8 

<5 
<5 
<5 
<5 
<5 
<5 
<5 
<5 
<5 
<5 

Mo 

<5 
<5 
<5 
<5 
<5 
<5 
<5 
<5 
<5 
<5 
<5 
<5 

Rb 

63 
66 
72 
60 
51 
69 
75 
66 
69 
67 
71 
60 

Sample Nd Sm Eu Tb Yb Lu Ag Cd Cu Ni 
ID 
1-2 
1-4 
1-6 
1-8 

1-10 
1-12 
1-14 
1-16 
1-18 
1-20 
1-22 
1-24 

35 
32 
25 
23 
30 
39 
39 
36 
37 
44 
37 
28 

7.5 1.4 
7 1.2 

5.7 1 
5.4 0.9 
6.6 1.1 
8.7 1.6 
8.8 1.5 
8.4 1.5 
8.6 1.5 
10 1.7 
8.2 
6.3 

1.4 
1 

0.9 4.4 0.66 <0.3 0.4 100 67 
1.1 5.3 0.81 <0.3 <0.3 77 68 
0.8 4 0.62 <0.3 <0.3 88 92 
0.6 3 0.47 <0.3 <0.3 52 119 
0.8 4.2 0.63 <0.3 <0.3 57 67 
1.2 6.1 0.95 <0.3 <0.3 69 60 
1.5 8.1 1.22 <0.3 <0.3 47 73 
1.3 6.7 1.01 <0.3 <0.3 46 63 
1.3 6.4 0.97 <0.3 <0.3 55 59 
1.2 6.7 1.01 <0.3 <0.3 46 62 
1 5.3 0.79 <0.3 <0.3 58 61 

0.8 4.4 0.65 <0.3 <0.3 62 78 

Sb 

0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.2 
0.3 
0.2 
0.3 
-0.2 
0.3 

Pb 

<3 
3 
5 

<3 
<3 
4 

<3 
7 

<3 
<3 
<3 
<3 

Sc 

16.1 
15.3 
20.7 
18.8 
12.8 
13.7 
13.6 
11.4 
14.6 
11.2 
15 

17.1 

Zn 

158 
158 
163 
189 
174 
145 
143 
140 
157 
147 
169 
144 

Se 

<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 

Bi 

<2 
<2 
<2 
<2 
<2 
<2 
<2 
<2 
<2 
<2 
<2 
<2 

Ta 

1 
<1 
<1 
<1 
<1 
1 
1 
1 

<1 
1 
1 

<1 

Th 

5 
4.8 
3.8 
3.3 
4.4 
5.2 
5.6 
5.2 
5.7 
6 

5.5 
4.3 

u 

1 
1.4 
1.1 
0.8 
0.8 
1.3 
1.5 
1.5 
1.2 
1.4 
1.3 
0.8 

w 

<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 

La 

33.5 
30.3 
23.3 
22.8 
27.4 
36.3 
35.5 
35.1 
34.9 
41.4 
34.3 
26 

Ce 

72 
67 
54 
52 
62 
80 
79 
78 
77 
91 
76 
59 



Table Al.1I. Particle size distribution offield bins (percent). 

SIZE FRACTION PILE 1 PILE 2 PILE 3 PILE 4 
PERCENT PERCENT PERCENT PERCENT 

+ 12" 12.2 8.7 3.0 7.9 

- 12" / +6" 10.6 8.9 6.2 6.1 

- 6" / +21/2" 21.4 23.3 12.5 1l.1 

- 2112" / +3/4" 33.0 32.7 30.9 32.7 

-3/4" / + 1/4" 1l.4 10.5 22.1 19.3 

-1/4" / + 10 5.2 6.2 12.1 11.7 

-10/+35 3.8 6.2 8.4 6.9 

-35/+100 1.5 2.3 3.1 2.4 

-100/+200 0.3 0.4 0.7 0.7 

-200 0.5 0.8 l.0 l.2 



I 

Table Al.12. Whole rock analyses as a function of particle size for the greenstone prediction piles. Analysis by ACTLABS. 

Mesh S S2- 1 S04 CO2 Si~ Ab03 

Size 0/0 0/0 0/0 0/0 0/0 0/0 

+2'/'2 0.04 0.00 0.05 <ODS 50.43 21.22 
+3/4 0.04 0.00 0.05 <0.05 52.18 19.34 
+114 0.06 0.06 <0.05 <0.05 SIAl 19.08 
+10 0.04 0.04 <0.05 0.37 53.89 18.33 
+35 0.05 0.05 <0.05 0.81 54041 18.33 

+100 0.05 0.05 <0.05 1.00 54.17 17.66 
+200 0.07 0.07 <0.05 1.03 53.34 17.88 
<200 0.08 0.00 0.05 1.50 50.68 18.64 

+21/2 0.80 0.80 <0.05 <0.05 75.83 8.18 
+3/4 0.41 0.41 <0.05 0.07 66.39 14.99 
+1/4 0.73 0.73 <0.05 <0.05 60.94 14.56 
+10 0.27 0.27 <0.05 0.81 61.05 14.68 
+35 0.25 0.25 <0.05 0.92 60.06 15.55 

+100 0.26 0.26 <0.05 1.72 57.30 16.74 
+200 0.28 0.28 <0.05 2.13 52049 17.78 
<200 0.25 0.23 0.05 2.90 50.39 18.29 

+2'/2 0.25 0.25 <0.05 <0.05 47.89 14.90 
+3/4 0.50 0.50 <0.05 <0.05 78.51 8.12 
+1/4 0.28 0.28 <0.05 <0.05 68.71 12.55 
+10 0.29 0.29 <0.05 0.37 67.56 13.47 
+35 0.33 0.33 <0.05 0.33 64.82 15.22 

+100 0.31 0.26 0.15 0040 60.77 17.37 
+200 0.60 0.60 <0.05 1.10 56.80 17.52 
<200 0.55 0.52 0.10 1.10 54.76 18048 

+211, 0.90 0.90 <0.05 <0.05 75.36 11.59 
+3/4 0.25 0.25 <0.05 <0.05 73.04 10.62 
+114 0.75 0.70 0.15 <0.05 68.43 12.28 
+10 0.63 0.58 0.15 0.29 66.98 12.90 
+35 0.46 0.46 <0.05 0.22 64.55 14.28 

+100 0043 0.43 <0.05 0.48 60.06 16.54 
+200 0.34 0.29 0.15 0.66 57049 18.31 
<200 0.32 0.32 <0.05 0.66 57.32 18.26 

I Detennined by difference. Less than values are assumed to be O. 
2 Total for parameters Si02 through LOr. 

--- .- - --

F~03 MnO MgO CaO Na20 KzO Ti~ 

0/0 0/0 0/0 0/0 0/0 0/0 0/0 

0.02% Sulfur Bin 

11.59 0.114 6.61 0.42 0.67 1.85 0.942 
11.66 0.129 6.74 0043 0.34 2042 0.783 
1220 0.180 6.09 0.90 0046 2.53 0.878 
11.38 0.117 5.67 1.00 0.53 2.55 0.829 
10.83 0.115 5044 1.06 0.62 2.52 0.763 
10.31 0.108 5.10 1.25 0.82 2.50 0.751 
10.60 0.114 5.21 1.61 0.95 2041 0.799 
11.15 0.122 5049 1.83 0.84 2.56 0.679 

0.20% Sulfur Bin 
9048 0.081 2.60 0.10 0.09 0.76 0.133 
8.31 0.075 2.38 0.33 0.20 2.89 0.594 
11.01 0.095 5.32 0.64 0.30 1.61 0.617 
9.61 0.086 4.39 1.65 0049 2.15 0.660 
9.16 0.079 4.27 1.52 0042 2.28 0.657 
9.42 0.081 4.30 2.12 0.56 2.50 0.743 
10.23 0.087 4.83 3.16 0.60 2.61 0.836 
10.15 0.088 4.67 3.85 0.57 2.78 0.776 

0.39% Sulfur Bin 
17.03 0.097 9.74 1.31 0.03 0.18 0.857 
6.51 0.047 2.61 0.14 0.13 1.04 0.267 
8.42 0.062 3.29 0.52 0.34 1.64 0.555 
8.12 0.063 3.24 0.77 0.44 1.85 0.529 
8.41 0.064 3.20 0.61 0.59 2.26 0.593 
8.74 0.070 3.36 0.79 0.80 2.59 0.699 
11.49 0.096 3045 0.93 0.55 3.12 0.769 
11.46 0.100 3.48 1.05 0.49 3.37 0.718 

0.67% Sulfur Bin 
5.99 Om8 1.65 0.06 0.20 2.54 0.222 
7.57 0.045 3.27 0.18 0.18 1.25 00480 
9.38 0.043 3.33 0.16 0.22 1.82 0.460 
10.14 0.065 3.18 0.32 0.25 2.01 0.489 
9.97 0.066 3.28 0.29 0.29 2.33 0.524 
10.51 0.073 3.43 0.54 0.46 2.90 0.650 
9.26 0.075 3.64 1.14 0.89 2.80 0.783 
9.17 0.076 3.47 1.23 0.84 2.94 0.746 

P20S LOI TOTAO 

0/0 0/0 0/0 

029 6045 100.59 
0.28 5.96 100.27 
0.35 5.63 99.72 
0.36 5.79 100.44 
0.38 5.73 10020 
0.33 6.04 99.04 
0.33 6.38 99.63 
0.33 7.33 99.65 

0.06 2.89 100.20 
0.21 3.51 99.88 
0.30 4.98 100.37 
0.33 5.05 100.14 
0.33 5.04 99.37 
0.29 6.07 100.12 
0.33 7.15 100.09 
0.33 8.25 100.14 

0.95 6041 99.39 
0.10 2.56 100.05 
0.32 3.50 99.92 
0.26 3.94 10024 
0.26 4.11 100.13 
0.25 5.00 100.45 
0.12 5.66 100049 
0.12 6.14 100.17 

0.04 2.78 100.45 
0.13 3.04 99.81 
0.08 3.64 99.85 
0.09 4.00 100.41 
0.09 4.05 99.71 
0.10 4.82 100.08 
0.27 5.78 100.43 
0.26 5.93 100.24 



Table AI.l3. Page 1 of2. Trace metal analyses as a function of particle size for the greenstone prediction piles. Analysis by ACTLAB 

Concentrations in mgIL unless indicated otherwise. 
- --

Mesh Ag Au As Bi Br Co Cr Cd Cu Cs Hf Ir Mo Ni Pb Rb 
Size ppb ppb 

0.02% Sulfur pile 
+2Y2 <0.3 <5 <2 <2 <1 44 338 <0.3 19 3.8 3.4 <5 <5 191 <3 68 
+3/4 <0.3 <5 <2 <2 <1 44 256 0.4 34 5.3 2.9 <5 <5 144 <3 86 
+1/4 <0.3 5 <2 <2 <1 50 309 <0.3 291 5.3 2.9 <5 <5 199 <3 90 
+10 0.3 5 <2 <2 <1 40 326 <0.3 24 3.8 4.0 <5 <5 140 <3 90 
+35 0.-1- <5 <2 <2 <1 38 272 <0.3 30 5.1 2.9 <5 <5 138 <3 76 

+100 0.5 <5 -I- <2 2 39 313 <0.3 51 -1-.9 4.0 <5 <5 136 19 108 
+200 0.4 <5 5 <2 3 39 234 <0.3 43 5.6 3.7 <5 <5 133 17 97 

I <200 0.4 13 5 <2 4 -1-1 25-1- <0.3 55 8.0 4.1 <5 <5 143 11 84 
0.20% Sulfur pile 

+2Y2 0.9 ·<5 4 <2 <1 6 120 <0.3 59 1.7 7.4 <5 <5 30 <3 30 
+3/-1- 0.6 6 8 <2 <1 31 289 <0.3 112 4.2 5.0 <5 <5 95 <3 107 
+1!.J. 0.6 <5 11 <2 <1 47 354 <0.3 177 3.3 4.1 <5 <5 210 <3 79 
+10 0.5 <5 12 <2 <1 38 -1-08 <0.3 77 3.0 4.9 <5 <5 156 <3 94 
+35 0.6 <5 12 <2 <1 38 362 <0.3 110 3.3 4.6 <5 <5 161 <3 79 

+100 0.8 <5 14 <2 2 40 412 <0.3 142 3.9 5.2 <5 <5 166 15 93 
+200 0.9 6 18 <2 3 41 360 <0.3 187 4.8 6.0 <5 <5 178 12 86 
<200 l.0 11 21 <2 2 39 335 <0.3 170 4.9 6.2 <5 <5 181 17 94 

0.39% sulfur pile 
+2Y2 0.3 5 26 <2 <1 62 699 <0.3 27 2.0 3.9 <5 <5 251 <3 <20 
+3/4 0.6 6 12 <2 <1 25 155 <0.3 121 <0.5 3.3 <5 <5 79 4 <20 
+1/4 0.5 5 12 <2 <1 32 31-1- <0.3 156 2.0 3.9 <5 <5 189 <3 61 
+10 0.6 <5 13 <2 <1 33 325 <0.3 82 2.9 4.9 <5 <5 150 <3 77 
+35 0.7 <5 15 <2 <1 35 302 <0.3 107 3.8 5.8 <5 <5 157 14 93 

+100 0.9 6 17 <2 <1 37 368 <0.3 165 3.7 7.2 <5 <5 161 10 76 
+200 1.6 <5 8 <2 4 30 93 <0.3 85 4.3 12.5 <5 <5 91 27 121 
<200 1.8 <5 10 <2 5 29 104 0.3 98 4.7 13.4 <5 <5 90 28 124 

0.67% Sulfur pile 
+2Y2 1.2 <5 <2 <2 <1 9 93 <0.3 63 2.8 ILl <5 <5 33 <3 113 
+3/4 0.5 5 <2 <2 <1 19 154 <0.3 54 1.9 4.9 <5 <5 60 7 43 
+1/4 0.9 10 4 <2 <1 26 116 <0.3 105 2.0 7.2 <5 <5 67 <3 76 
+10 0.8 <5 4 <2 <1 25 159 <0.3 75 2.1 7.5 <5 <5 63 <3 85 
+35 1.1 <5 3 <2 <1 23 110 <0.3 67 2.7 8.8 <5 <5 64 4 103 

+100 1.2 <5 5 <2 4 25 153 <0.3 75 3.6 10.5 <5 <5 71 <3 108 
+200 0.8 52 27 <2 1 41 305 <0.3 149 4.2 8.5 <5 <5 149 25 100 
<200 0.8 72 29 <2 <1 40 291 <0.3 171 4.5 8.1 <5 <5 142 20 108 



Table AI.l3. Page 2 of2. Trace metal analyses as a function of particle size for the greenstone prediction piles. Analysis by ACTLAB 

Concentrations in mgIL unless indicated otherwise. 

Mesh Sb Sc Se Ta Th U W Zn La Ce Nd Sm Eu Tb Yb Lu 
Size 

0.02% Sulfur pile 
+2~ 0.2 29.2 <3 <I 1.0 <0.5 <3 87 17A 42 22 4.7 1.8 0.7 3.2 OA7 
+3/4 0.2 30A <3 <I 1.3 1.0 <3 96 11.5 29 16 3.4 I <0.5 1.8 0.26 
+1/4 0.3 30.6 <3 <I 1.5 <0.5 <3 97 12.7 29 13 3.3 1.1 0.6 1.8 0.27 
+10 0.3 28.6 <3 <I 2.0 <0.5 <3 84 14.6 33 18 3.7 1.2 <0.5 2.2 0.35 
+35 0.5 27...1- <3 <I 1.8 0.9 <3 91 15.0 36 16 3.7 1.2 <0.5 2.2 0.34 

+100 0.9 26.1 <3 <I 2.2 0.9 3 101 16.2 36 21 3.8 1.2 0.6 2.3 0.35 
+200 1.3 25.7 <3 <I 3.2 <0.5 <3 92 17.6 39 20 3.9 1.1 0.6 2.3 0.35 
<200 1.9 26.0 <3 I 2.9 0.7 <3 104 17.5 40 21. 3.8 1.2 0.6 2.5 0.37 

0.20% Sulfur pile I 
I 

+2Yz <0.2 3.6 <3 <I 6.9 1.8 <3 97 46.6 101 45 9.3 1.7 1.5 8 1.31 , 

+3/4 <0.2 20.7 <3 <I 2.9 0.9 <3 86 14.3 33 13 3.5 1.1 <0.5 2.8 0.41 
I +1/4 0...1- 21.0 <3 <I 4.0 1.8 <3 104 18.3 43 16 4.3 1.3 0.7 2.9 OA4 

+10 0.4 21.2 <3 <I 4.0 1.8 <3 98 20A 46 21 4.6 IA <0.5 2.5 0.37 
+35 <0.2 22.1 <3 <I 3.8 1.4 10 95 23.2 54 24 5.1 1.3 0.6 2.6 0.41 I 

+100 0.8 22.9 <3 I 4A 2.0 4 116 28.5 60 29 5.6 1.5 0.8 2.9 0.45 i 

+200 I 25.1 <3 <I 5.6 l.l 6 lIS 34.9 79 ..,.., 6.8 1.7 0.9 3.3 0.49 .).) 

<200 1.4 25.1 <3 <I 5.0 IA <3 131 32.4 68 27 6.3 1.6 <0.5 3.2 0.50 
0.39% sulfur uile 

+2Yz 0.3 25.9 <3 <I 6.3 2.0 <3 136 19.9 48 27 6.5 1.9 <0.5 1.9 0.28 : 

+3/4 0.3 10.0 <3 <I 2.8 0.8 <3 78 18.9 43 20 3.7 1.3 <0.5 2.1 0.33 
+1/4 <0.2 16.8 <3 <I 4.9 1.6 4 93 28.7 63 24 5.5 1.5 <0.5 2.8 0.43 
+10 0.3 17.3 <3 <I 4.7 1.9 <3 93 23.5 50 26 4.9 1.3 0.7 2.9 0.43 
+35 0.2 18.9 <3 <I 5.6 1.5 <3 93 30.4 68 29 6.2 1.5 0.8 3.3 0.50 

+100 0.9 21.5 <3 I 7.1 1.7 <3 124 38.7 86 44 7.5 1.8 0.9 3.8 0.57 
+200 1.5 22.0 <3 2 8.7 2.2 <3 194 49.2 111 39 10.5 2.2 1.7 8.2 1.25 
<200 1.8 23.6 <3 2 10.1 2...1- <3 190 45.8 98 45 10.0 2.1 1.6 8.8 1.37 

0.67% Sulfur pile 
+2Y2 <0.2 4.2 <3 3 8.1 1.6 <3 88 62.8 126 66 13.0 2.5 2.1 8.3 1.35 
+3/4 <0.2 15.7 <3 <I 3.3 <0.5 <3 121 26.2 58 30 5.4 1.1 0.8 4 0.60 
+1/4 0.4 14.7 <3 I 5.2 1.8 <3 132 31.4 70 33 6.9 1.4 0.9 5 0.78 
+10 0.3 16.0 <3 I 5.6 1.4 <3 132 30.8 71 34 6.8 1.5 1.0 4.9 0.75 
+35 0.2 17.1 <3 2 6.7 1.4 <3 139 37.7 85 39 8.3 1.8 1.5 6.9 1.09 

+100 0.6 20.7 <3 2 8.2 1.9 <3 157 44.5 100 40 9.6 2 1.6 7.6 1.16 
+200 1.5 23.2 <3 <I 7.5 2.4 <3 107 46.3 99 42 8.8 2 1.0 4.3 0.66 
<200 1.5 22.3 <3 <I 7.3 1.4 4 114 45.9 98 50 8.7 2.1 1.1 4.2 0.65 



Table Al.14. Sobek method for determination of neutralization potentials from the 0.67% total 
sulfur (pile 4) muck box samples. 

Sample pH atler IllLs to pH 
HCL 7.0 

1-1 2.09 16.4 

1-2 2.04 16.9 

1-3 2.10 16.9 

1-4 2.19 16.7 

1-5 2.06 16.5 

1-6 ns 16.35 

1-7 2.02 15.9 

1-8 2.02 16.8 

1-9 2.01 16.0 

1-10 1.93 16.5 

1-11 1.93 16.6 

1-12 2.11 17.3 

1-13 2.01 17.0 

1-14 1.96 15.7 

1-15 1.96 17.3 

1-16 1.98 16.7 

1-17 1.96 16.9 

1-18 1.99 18.1 

1-19 2.00 16.6 

1-20 1.96 16.8 

1-21 1.96 17.2 

1-22 1.97 16.6 

1-23 1.92 17.2 

1-24 1.96 16.9 

1-25 1.95 16.2 

Blank 1.64 20.1 

Mean NP at pH 7.0 = 8.2 kg CaCO'/t 
Mean NP at pH 8.3 = 5.95 kg CaCOil 

pH7.0NP 

9.0 

7.75 

7.75 

8.25 

8.75 

9.125 

10.25 

8.0 

10.0 

8.75 

8.5 

6.75 

7.5 

10.75 

6.75 

8.25 

7.75 

4.75 

8.5 

8.0 

7.0 

8.5 

7.0 

7.75 

9.5 

0 

Mean NP at pH 8.3 using est. values = 6.32 kg CaC03/t 

Calculated NP = 10.5 kg CaC03/t 
\-NP after 24 hours 

IllLs to pH pH 8.3 NP IllLs back to pH 8.3 Final 
8.3 pH 8.3 NP I 

liS liS liS 7.2 est. 

liS liS liS 5.95 est. 

liS ns I1S 5.95 est. 

ns ns liS 6.45 est. 

liS liS ns 6.95 est. 

ns liS ns 7.3 est. 

ns ns ns 8.45 el>t. 

liS ns I1S 6.2 est. 

liS ns 115 8.2 est. 

17.3 6.75 17.4 6.5 

17.3 6.75 17.4 6.5 

18.0 5.0 18.1 4.75 

17.5 6.25 17.6 6.0 

16.3 9.25 16.4 9.0 

17.7 5.75 17.8 5.5 

17.2 7.0 17.3 6.75 

17.3 6.75 17.4 6.5 

18.6 3.5 18.7 3.25 

18.2 4.5 18.3 4.25 

17.4 6.5 17.5 6.25 

17.8 5.5 17.9 5.25 

17.2 7.0 17.3 6.75 

17.8 5.5 17.9 5.25 

17.4 6.5 17.5 6.25 

17.3 6.75 17.4 6.5 

liS liS ns I1S 



Table A1.I5. Particle size distribution for rock used in field limestone addition tanks and 
limestone (percent passing). Analysis by Lerch Brothers, Inc. 

Tank 1 Tank 2 Tank 3 Tank 4 TankS Tank 6 Limestone 
FRACTION 

2" 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

1 %" 97.1 97.3 91.3 90.1 88.9 95.3 100.0 

1" 68.2 77.4 80.2 72.6 77.5 82.4 100.0 

112" 43.3 40.5 53.2 52.4 61.7 54.8 100.0 

114" 31.5 27.2 37.5 36.2 43.8 42.0 100.0 

4M 27.1 22.9 32.4 31.1 37.8 37.8 100.0 

10M 16.7 14.2 19.6 18.7 23.1 25.3 87.9 

20M 12.6 10.8 14.4 13.6 16.9 19.5 57.1 

28M 10.8 9.3 12.0 11.4 14.1 17.0 41.8 

35M 9.5 8.2 10.2 9.9 12.1 15.3 30.2 

48M 7.8 6.7 6.9 7.9 9.6 13.3 18.5 

65M 6.2 5.5 5.1 6.3 7.6 11.6 9.0 

100M 5.4 4.6 4.7 5.2 6.3 10.4 4.5 

200M 3.4 2.8 2.5 3.1 3.7 8.2 1.4 

NOTE: All samples were dry screened with the exception of Tank 6 which was wet screened for comparison. 



Table Al.16. Whole rock chemistry (percent) offield limestone addition tanks. Analyses by ACTLABS, Inc. 
-

Parameter I Tank 1 Tank 2 Tank 3 

S 0.56 0.40 0.50 

S:· : 0.54 0.34 0.48 

SO;·asS 0.016 0.06 0.02 

CO: 0.40 0.37 0.22 

Alz0 3 13.86 13.09 12.53 

CaO 0.41 0.37 0.26 

FeZ03 10.65 8.83 8.61 

KzO 1.86 2.03 1.95 

MgO 3.59 2.96 2.91 

MnO 0.068 0.065 0.053 

NazO 0.36 0.38 0.30 

PzO, 0.15 0.12 0.10 

SiO: 64.70 68.40 69.30 

TiO: 0.587 0.458 0.452 

L01 4.19 3.73 3.62 

TOTALz 100.42 100.44 100.08 

1 - Determined by difference. Less than values are assumed to be O. 
2 - For parameters from Alz03 through LOI2. 
3 - Analysis by Lerch Brothers Inc. and determined by LO!. 

Tank 4 Tank 5 Tank 6 

0.46 0.55 0.48 

0.44 0.53 0.46 

0.016 0.02 0.02 

0.44 0.44 0.48 

13.12 13.28 13.00 

0.46 0.32 0.43 

9.38 10.30 9.31 

1.91 1.85 2.09 

3.26 3.41 2.89 

0.089 0.065 0.059 

0.39 0.34 0.38 

0.12 0.13 0.21 

65.96 65.38 67.32 

0.522 0.519 0.514 

3.89 4.02 3.72 

99.11 99.60 99.92 

Limestone 1 
0.01 

0 

0.016 

41.563 

0.47 

27.63 

0.87 

0.29 

18.82 

0.081 

<0.01 

0.03 

9.68 

0.026 

41.95 

99.78 



Table A1.17. Page I of2. Trace metal analysis offield limestone addition tanks. Analysis by ACTLABS, Inc.; concentrations in ppm. 

Parameter Tank 1 Tank 2 Tank 3 Tank 4 Tank 5 Tank 6 Limestone 

<0.3 
i 

Ag <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 

As 5 3 6 3 5 4 2 

Au <5 <5 <5 <5 6 5 <5 

Bi <2 <2 <2 <2 <2 <2 <2 

Br <1 <1 <1 <1 <1 <1 7 

Cd <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 

Co 26 20 21 22 24 22 2 

Cr 105 75 65 75 71 76 5 

Cs 2.2 2.7 2.0 2.4 2.1 2.5 <0.5 

Cu 67 36 44 45 44 45 7 

Hf 5.5 6.6 6.3 5.9 6.6 6.5 <0.5 

Mo <5 <5 <5 <5 <5 <5 <5 

Ni 97 69 69 82 76 75 3 

Pb <3 <3 6 <3 5 <3 <3 

Rb 68 67 63 57 54 71 <20 

Sb 0.3 0.3 0.3 0.3 0.3 0.3 <0.2 

Se <3 <3 <3 <3 <3 <3 <3 

Ir <5 <5 <5 <5 <5 <5 <5 

Ta <1 <1 <1 1 1 <1 <1 

W <3 <3 <3 <3 <3 <3 <3 

Zn 158 132 132 147 149 135 17 
- - --- --- -- ---- L_ -- - '--- -



Table AI.17. Page 2 of2. Trace metal analysis offield limestone addition tanks. Analysis by ACTLABS, Inc.; concentrations in ppm 

Parameter Tank I Tank 2 Tank 3 Tank 4 Tank 5 Tank 6 Limestone 

Ce 57 76 74 63 72 73 6 

La 26.9 34.8 33.2 28.1 32.7 33.3 2.4 

Lu 0.66 0.85 0.76 0.84 0.82 0.86 <0.05 

Nd 27 33 35 31 34 36 <5 

Sc 18.1 13.6 13.6 16.2 16.3 15.4 0.5 

Th 0.8 1.1 0.9 0.9 1.0 1.2 <0.5 

Th 4.0 5.6 4.9 4.7 4.7 4.9 <0.5 

U 1.1 1.3 1.1 0.9 1.1 1.2 0.9 

Yb 4.3 5.5 4.9 5.4 5.2 5.5 0.2 

Sm 6.0 7.5 7.3 6.2 7.2 7.4 0.4 

Eu 1.2 1.5 1.4 1.2 1.3 1.5 0.1 



Attachment A.I.I. Mineralogy of original greenstone sample used in the limestone 
addition experiment. Analyses by Mineralogical Consulting 
Service, Pengilly, MN. 

I 

February 7, 20P3 

Mr. Kim Lapakko 

MINERALOGICAL CONSULTING SERVICE 
29022 West Shore lane - Pengilly, MN 55n5-2222 

Phone 218/885-2358 - Email cygnus@cpintemetcom 

Minnesota Department of Natural Resources 
Division of Lands and Minerals 
500 Lafayette Road 
St. Paul, MN 551.55-4045 

Re: Greenstone "Tank" Samples 

Ref: Greenstone Sample Mineralogy by L.A. Mattson to Kim Lapakko, January 31, 
2003 -

Dear Mr. Lapakko: 

The mineralogical composition and pyrite liberation were determined for the two (2) 
greenstone Utank" samples submitted. These samples are labeled #11920 (limestone 
Addition Experiment Control 1, Tank 1) and #11925 (limestone Addition Experiment 
Control 2, Tank 6). The sample materjal received had been crushed and 
screened/sieved into fourteen (14) size fractions from -2+1 1/2 inch tQ -200 mesh. 

Macroscopic and low power microscopic· examination of the crushed fragments 
indicates that both samples are very fine grained quartz-chlorite-sericite schist. No 
coarser grained' quartz or carbonate mineral segregations were observed in either 
sample. However, both samples are contaminated with what appears to be typical 
glacial drift sand and gravel. The contamination in the size fractions received may 
constitute up to 5 to 8 percent (very rough estimate) of the overall combined samples. 
It occurs as scattered rock fragment in the coarser size fractions and as abundant 
rounded sand sized grains in the finer size fractions. 

Minerals and Mineral Chemistry 

Minerals present in the greenstone are listed in Table 1. No attempt was made to . 
account for the minerals in the sample contamination. Table 2 is a summary of 
Scanning Electron Microscope/Energy Dispersive Spectroscopy (SEM/EDS) mineral 
chemistry determined for sericite, chlorite, and siderite at Macalester College. The 
average chemistry for the minerals listed in Table 2 was used in this study. See 
reference report for a discussion of the greenstone minerals and mineral chemistry. 



Mr. K~m Lapakko, page 2 
Mineralogical Composition 

Table 3 lists the mineral compositions for these two (2) samples. Two (2) compositions 
are listed for each sample; one based on the Macalester College average SEM/EDS 
chemistry for sericite, chlorite, and siderite, and the other using the average values for 
sericite and siderite along with a calculated chemistry for chlorite. See reference report 
for discussion of methods. As in the reference report, the mineralogical compositions 
using the calculated chlorite chemistry yield better mineral summations. 

The contamination noted previously is Si02 rich and if present in the assay pulp used 
for the whole rock chemical assays would yield mineralogical compositions with 
relatively high quartz contents compared to the greenstone alone. Other whole rock 
chemical assays would probably not be greatly increased by the contamination, but 
would all be relatively lower due to dilution of the greenstone material. Minerals other 
than quartz in the mineralogical compositions would also be relatively lower compared 
to the composition of the greenstone alone. 

Pyrite Liberation 

Pyrite liberation was determined by microscopic examination of the fragments and 
particles in each of the fourteen (14) screen/sieve fractions (-2+1 1/2 inch to -200 
mesh) received. A general examination was conducted of the coarser fractions where 
no pyrite is liberated and loose grain counts were completed for the finer particle size 
fractions. The overall pyrite liberation is the weighted (by sieve fraction weight percent) 
average of pyrite liberation in each size fraction and assumes that each size fraction 
has the same pyrite content as the total sample. 

The pyrite is all fine grained and liberated pyrite was observed only in the size fractions 
finer than 28 mesh/600 microns. Most of the liberated pyrite is minus 48 mesh/300 
microns. Observations indicate that seven (7) percent of the pyrite is liberated in 
sample #11920 and twelve (12) percent is liberated in sample #11925. However, 
sample #11920 was received as "dust covered" dry screened fractions and sample 
#11925 was received as "clean" wet screened fractions. Each size fraction of sample 
#11920 required washing with water to remove the "dust" and allow observation of any 
pyrite present. The washed-off "dust" is mostly minus 200 mesh and normally contains 
a high percent of liberated pyrite. Particle size distribution data provided indicates that 
dry screened sample #11920 has 3.4 percent minus 200 mesh compared to 8.2 percent 
in wet screened sample #11925. Considering the difference in sample preparation, 
both samples probably have very similar pyrite liberation of about twelve (12) percent. 

Sincerely, . 

:~~~#z/t-----
L.A. Mattson, Geologist/Process Mineralogist 



Table I: Minerals -- Greenstone Samples 

Mineral 

Pyrite** 

Melanterite*** 

Siderite* 

Quartz* 
Chlorite* 
Sericite* 
Na-F eldspar** 
IImenite*** 
Hematite** 
Magnetite** 
Apatite** 
Zircon** 
Tourmaline** 

Formula 

FeS2 

FeS04·7HZO 

FeC03 

Other Metals 
(see SEM assays) 

Mg, Mn, Ca, Na? 

Si02 REE**** 
Complex Mg,AI,Fe Silicate Cr, Ni, V, Ti 
KAI3Si3010(OH)2 Na, Ba, Cs, Rb, Ti 
NaAISi30 a Sr 
FeTi03 V 
FeZ03 
Fe304 
CaS(P04)3 As, REE, Th, U 
ZrSi04 Hf 
Na,Mg,Fe,Mn,AI,B Silicate F, Li 

*Minerals identified in X-ray Diffraction studies at Macalester College. 

**Minerals identified visually in this and/or previous studies. 

***Minerals. not positively identified but assumed present based on overall mineralogy 
and chemistry 

****REE group elements are not known to occur as replacements in quartz. In these 
samples higher REE values are generally associated with high silica/high quartz 
contents. Exact nature of REE occurance is unknown. 



ofll G-J/II~t. # 
sum~m,sEM AnisiS of seenstonet,amPleS 
Sericite I"'J,. JOb IO~ 058 1f>.!f 

R004RI GR005R2 GR005R3 GROIOR45 GROl2R6 

Si02 
P20 5 
K20 
CaO 
Ti02 

"""'" Cr20) 
MnO 
FeO 
NiO 
H20 
CO2 

F 
Total 

AhO) 
Si02 
P20 5 

K20 
CaO 
Ti02 
Cr20) 
MnO 
FeO 

1.26 0.67 0.70 1.02 0.62 
0.58 1.02 1.23 1.11 0.97 

33.76 34.02 34.04 35.19 31.36 
45.99 

0.02 
9.16 
0.00 
0.21 
0.03 
0.00 
1.87 
0,01 
7.11 

na 
na 

100.00 

48.93 

na l 

10.73 
0.01 
0.39 
0,01 
0.00 
2.75 
0.02 
1.47 

na 
na 

100.02 

47.92 

na 
10.37 
0.00 
0.31 
0.05 
0.02 
3.46 
0.04 
2.22 

na 
na 

100.35 

49.38 

na 
9.88 
0,01 

0.21 
0.06 
0.01 
1.81 
0,03 

1.30 
na 
na 

100.00 

~. 

47.75 
0,01 

9.90 
0.00 
0.32 
0.04 
0.00 
2.96 
0.04 
6.01 

na 
na 

100.00 

GR004RI GR005R2 GR005R3 GROI0R45 GR012R6 
0.36 

1481 
21.29 
25.46 

na 
0.00 
0.00 
0.06 
0.05 
0.07 

25.54 
0.07 

12.30 

0.36 
5-17 

21.60 
23.64 

na 
0.54 
0,03 

0.04 
0,01 
0.06 

33.27 
0.05 

15.23 

0.46 
14.30 
21.87 
24.99 

na 
0,03 
0.08 
0.05 
0.05 
0.04 

25.29 
0.08 

12.78 

0.54 
12.7.8 
24.50 
26.57 

na 
0.03 
0.00 
0.01 
0.00 
0.08 

20.87 
0.11 

14.51 

na 
7.08 

21.14 
23.14 

0.04 
0.02 
0.02 
0.05 

0.02 
na 

-36.01 
0.08 

12.39 
C~ na na na na na 

F na na na na na 
Total 100.00 100.00' 100.00 100.00 100.00 

Table 2 
b ." S 'I 10 II )~ Ja J!i 

/00 0.61 O~1i O~ Obg ow) O~1 ()(;"J.j OM- Overall 
GROl6R7 GROl6R89 GR020RIO GR026RlI GR039R12 GR050R13 GR059R1415 GR072RI6GRI2'!Irr7H Average 

2.19 
0.23 

35.86 

1.34 
0.71 

34.80 
46.94 46.95 

0.28 0.05 

6.92 8.87 
0.04 0.10 
0.35 0.15 
0.13 0,01 
0.11 na 
3.32 . 2.25 
0.06 0.04 
3.58 4.73 

na na 
na na 

100.00 100.00 

0.96 
0~71 

33.02 
46.77 

0.04 

9.29 
0,01 

0.11 
0,01 
0.01 
1.54 
0.01 
7.52 

na 
na 

100.00 

1.81 
0.84 

32.39 
44.05 

0.04 

7.62 
0.00 
0.12 
0.01 
0.01 
1.23 
0.00 

11.88 
na 
na 

100.00 

1.15 
0.67 

35.12 
49.04 

~.06 
9.78 
0.15 
0.16 
0.02 

na 
1.79 
0,03 

2.50 

na 
na 

100.48 

0.93 
1.00 

32.66 
43.48 

0,03 

8.70 
0,02 
0.09 
0.02 
0,01 
2.46 
0.01 

10.60 
na 
na 

100.00 

1.95 
0.76 

34.19 

46.68 

0.04 
7.73 
0.00 
0.10 
0.00 
0,01 
0.90 
0,02 
7.62 

na 
na 

100.00 

0.75 
0.80 

32.91 
47.67 

0.00 

10.14 
0.13 
0.26 
0,03 

na 
2.70 
0.04 
5.17 

na 
na 

100.60 

0.74 1.15 
0.88 0.82 

35.18 33.89 

45.32 46.92 

0.21 0.07 

9.02 9.15 
0.11 0.04 
0.21 0.21 
0.02 0.03 
0.09 0.02 
3.72 2.34 
0,03 0.03 
4-.46 5.44 

na na 
na na 

100.00 100.12 

(:11~t( o,~5 
Overall 

GR016R7 GROl6R89 GR020RI0 GR026Rll GR039Itl2 GR050RI3 GR059R1415 GR072RI6 GR122RI718 !Average 
0.00 na 0.32 0.42 na 0.42 0.36 na 0.00 0.32 
7.13 7.21 15.53 13.14 10.78 8.37 11.43· S-SJ_ 11 83 10.39 

21.18 21.13 21.54 22.02 21.14 21.29 22.09 19.37 21.29 21.53 
23.16 22.57 25.67 25.39 24.25 24.20 24.35 22.66 24.00 24.29 

0.17 
0.02 
0.05 
0.11 

0.05 
0.45 

36.58 
0.31 

to.80 
na 
na 

100.00 

0.03 
0.08 
0,01 
0.16 
0,03 

na 
34.29 

0.08 
14.42 

na 
na 

100.00 

na 
0.02 
0.04 
0.01 
0.02 
0.06 

23.96 
0.07 

12.75 

na 
na 

100.00 

na 
0,03 
0.02 
0,02 
0.04 
0.10 

27.86 
0.05 

10.91 
na 
na 

100.00 

0.19 
0.11 
0.40 
0.08 
0,03 

na 
29.77 

0.06 
13.18 

na 
na 

100.00 

na 
0.19 _ 

0.02 
0.02 
0.01 
0.07 

33.66 
0.06 

11.70 
na 
na 

100.00 

na 
0,03 

0.04 
0.Q3 

0.07 
0.10 

29.53 
0.16 

1t.82 
na 
na 

100.00 

0.03 
0.26 
0.02 
0.09 

0.05 
na 

36.06 
0.09 

15.55 
na 
na 

100.00 

0.08 0.09 
0.01 0.10 
0.02 0.05 
0,03 0.05 

0.02 0.03 
0.22 0.12 

26.66 29.95 
0.07 0.09 

15.77 13.15 
na na 
na na 

100.00 100.18 

Jfl9~1!i0 O.S8- .91/~ OIS"1 O,~I 0.2,0 o,,/q 0.2.) O/~!i 0.1/7 o,1{P O.~~ O,g'1 O,Jb O.J./l/ O,?,~ 
pverall 

GR016R7 GROl6R89 GR020RI0 GR026Rll GR039R12 GR050RI3 GR059RI415 GR072RI6GRI22RI718 veral(e 
Na20 
MgO 
AI20)
Si02 
P20 5 

K20 
CaO 
Ti02 

Cr20) 
FeO 
NiO 
MnO 

. H20 
CO2 

F 
Total 

GR004RI GR005R2 GR005R3 GROIOR45 GROl2R6 

no siderite in sample 

SEManalysis at Macalester College 

o,os 
(;0:z.. 

0.88 0.94 0.91 
3.11 2.28 2.69 
0.12 0.11 0.12 
0.09 
0,01 

0.02 
0.09 
0.00 

na 
54.21 

na 
3.91 

na 
37.56 

na 
100.00 

t 
/~-7~ 
CO 2... 

I' 

0.09 
0.05 
0.01 
0.07 
0.00 

na 
55.33 

na 
4.64 

na 
36.49 

na 
100.00 

r 

Sample includes 2 phases of siderite. 
Average shONll excludes 2 "minor" 
phase spots with high MnO, high MgO, 
and LowFeO. 

i 
.S 
B ·c 

i 
g 

0.09 
0.03 
0.01 
0.08 
0.00 

na 
54.77 

na 
4.27 

na 
37.02 

na 
100.00 



Table 3, Greenstone "Tank" Samples - Mineralogical Composition 

Sample #11920 Sample #11925 
Minerals 1* 2* 1* 2* 

Pyrite 1.02 1.02 0.86 0.86 

Melanterite 0.14 0.14 0.17 0.17 

Siderite 1.08 1.08 1.30 1.30 

Quartz 47 48 50 50 

Chlorite 33 27 26 22 

Sericite 20 20 23 23 

Na-Feldspar 0.98 0.98 0.90 0.90 

Ilmenite 1.11 1.11 0.98 0.98 

Apatite 0.32 0.32 0.46 0.46 

Fe-Oxides 

Zircon Tr Tr Tr Tr 

Tourmaline Tr Tr Tr Tr 

Summation 104.65 99.65 103.67 99.67 

AI20 3 Excess -0.25 0.92 -0.44 0.28 
Add'i Fe Used 1.92 0.18 1.23 0.20 
Chlorite MgO/FeO 0.35 0.45 0.35 0.42 

1* values are based on average SEM/EDS chemistry for sericite, chlorite, and siderite. 
2* values are based on average SEM/EDS chemistry for sericite & siderite and 

calculated chemistry for chlorite. 

Calculated Cblo[ite Chemist~ (Wt. %) 
Sample Si02. AI2.Q3 FeO MgQ 

11920 24.98 21.50 27.70 12.46 
11925 24.77 21.50 28.45 11.92 
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Table A2.1. Daily precipitation data for 2000. Precipitation data from the DNR Hibbing Research Site. 
Rain data is in inches. 

Month 
Day 

Jan. Feb. Mar. Apr. May June July Aug. Sept Oct. Nov. Dec. 

1 0.16 0.62 0.03 0.07 

2 0.15 0.70 

3 0.06 

4 

5 0.82 0.06 

6 0.63 0.15 

7 0.38 0.96 

8 1.45 0.04 

9 0.28 

10 1.84 

11 0.24 

12 0.29 2.22 0.82 

13 0.40 0.15 0.15 

14 0.25 

15 0.12 

16 0.90 1.52 

17 0.02 

18 0.20 0.01 

19 0.46 0.02 

20 0.08 

21 0.94 0.13 

22 0.18 

23 0.72 

24 

25 0.25 

26 0.11 0.25 0.38 

27 1.29 0.40 

28 0.48 

29 0.09 

30 0.15 0.10 

31 0.12 1.56 

Total 0.56 0.45 0.64 0.75 2.31 6.04 3.33 4.01 2.06 3.12 2.53 

Annual total = 22.39, Annual average for Hibbing = 26.93 



Table A2.2. Daily precipitation data for 2001. Precipitation data from the DNR Hibbing Research Site. 
Rain data is in inches. 

Month 
Day 

Jan. Feb. Mar. Apr. May June July Aug. Sept Oct. Nov. Dec. 

1 
0.18 0.33 0.02 

2 
0.11 

3 
0.20 

4 

5 
0.38 

6 
0.19 0.69 0.04 

7 
0.03 0.07 0.15 0.25 

8 
0.46 0.18 

9 
1.93 0.24 0.55 

10 

11 
1.15 

12 
0.84 0.96 0.67 0.09 

13 
0.26 

14 
1.38 0.51 

15 
0.01 0.06 0.03 0.20 0.48 0.02 

16 
0.56 0.36 0.01 

17 
0.16 0.02 0.33 

18 
0.01 0.54 0.08 0.06 0.09 

19 
0.03 

20 
1.19 om 

21 
0.78 

22 
0.33 0.31 

23 
1.24 0.02 0.93 0.22 0.45 

24 
0.01 0.01 0.04 1.05 

25 

26 

27 

28 
0.92 0.21 

29 
0.65 0.39 

30 
0.31 0.02 0.01 0.15 

31 
0.23 0.96 

B 0.31 0.23 0.19 5.31 4.65 2.98 2.90 2.05 1.57 3.32 1.68 0.87 II 

Annual total = 26.06, Annual average for Hibbing = 26.93 



Table A2.3. Daily precipitation data for 2002. Precipitation data from the DNR Hibbing Research Site. 
Rain data is in inches. 

I Month I Day 

Jan. Feb. Mar. Apr. May June July Aug. Sept Oct. Nov. Dec. 

0.11 
1 

2 
0.04 0.28 

3 

4 
0.01 0.05 

5 
0.02 0.26 0.04 

6 
0.02 0.19 1.39 

7 
0.08 1.77 0.02 

8 
0.22 0.03 

9 
0.06 0.04 

10 
0.04 0.18 0.06 0.01 0.67 0.58 

11 
0.27 

12 
0.01 0.38 om 0.76 

13 
0.01 om 0.03 0.23 

14 
0.04 0045 

15 
1.18 0.01 

0.02 0.11 
16 0.02 

17 
0.15 0.56 

0.08 0041 
18 0.05 

19 
0.07 0.18 1.11 

20 
0.37 

21 
0.02 0.G2 0.36 om 

22 
0.04 0.G7 

8.81 0.08 
23 0.01 

24 

25 
0.06 0.07 0.05 0.30 0.02 

26 
0.03 

27 
0.11 

28 
0.04 0.22 0.22 0.03 1.07 0.19 

29 
0.03 0.08 0.36 om 0.07 

30 
om 0.01 

31 
1.61 

Total 0.27 0.15 0.52 0.88 1.53 9.74 5.16 3.75 2.25 2.35 0.03 0.07 

Annual total = 27.21, Annual average for Hibbing = 26.93 



Attachment A2.1. Page 1 of 10. Field notes on waste characterization piles. 

7/18/00 - Started filling bin 1 (low sulfur, 0.02) and finished on 7/21. 

7/21/00 - Started filling bin 4 (high sulfur, 0.67) and finished on 7/25. 

8/1/00 - After a downpour of 0.67" of rain pile 4 received no flow and pile 1 about 200-300 mLs. 

8/2/00- Attempted to measure O2 and temperature. O2 meter was giving some strange readings, 
unsure if the pump was not strong enough or O2 meter not working. 

8/8/00 - .38" of rain: pile 4 had about 4 %" ofleachate in the sump, pile 1 had about %" of 
leachate in the sump, no water dripping. The flow totalizers and meters are not working, there 
appears to be a problem with the electrical wiring. Installed new flow totalizers in piles 1 and 4. 

8/9/00 - AM: pile 4 had no change in water volume since 8/8, the leachate in pile 1 was up to the 
bottom ofthe second float switch (3" from top of the sump). 

8/14/00 - AM rain gage = .25". No flow to pile 4, still had only about 4" of water in sump and 
about 60 mLs in collection bottle. Pile 1 had about 4 %" of water in sump (meter read 60) and 
approximately 200 mL in collecting sample bottle. The flow totalizer in pile 1 appears to be 
working and was calibrated. Collected baseline grab samples from the sumps of piles 1 and 4 for 
nutrients (500 mL) and metals (250 mL). Both piles had some algal growth in the sump and on 
the pipe fixtures. Pile 4 pH = 8.74, SC = 550, Pile 1 pH = 8.06, SC = 1450. 

8/15/00 - 0.30" rain from PM on 8/14. Pile 4 water level the same in sump, SC = 500. PileI 
water nearing the trip switch (8:20 AM) and water dripping from inlet pipe at about 15 to 
20mLl30 sec. SC = 1200. More water in the collection bottle than 8/14 which indicates that 
there was flow but the meter read zero after being reset during calibration. 
8/17/00 - 0.02" rain 

8/18/00 - 0.20" rain in AM. Pile 4 water level is up to the gravity overflow pipe. Pile 1 has very 
little water in sump, and water dripping in from stockpile which indicates that the pump had 
tripped. Water in collecting bottle was 3/4" higher than previous date. Neither flow totalizer is 
working, still having electrical problems. Meters read O. Used YSI probe to compare the CG 
502 oxygen probe. Some trials produced the same numbers and other trials did not. A more 
detailed comparison will be performed at a later date. 

8/21/00 - Piles 1 and 4 both received flow but flow instrumentation was still out of order. 
Cleaned the level sensors in both sumps to remove organic film that may affect the sensor. This 
will have to part of the routine maintenance check. 



Attachment A2.1. Page 2 of 10. Field notes on waste characterization piles. 

8122/00 - 0.13" of rain, flow instrumentation is still out of order and will have to be shipped to 
the company for repair. 

8125/00 - Pile 4: the water level is 112 way up on the bottom sump switch. Pile 1: the water level 
is 112 inch above the bottom sump switch, some water in collection bottle. 

8128/00 - Heavy downpour Friday evening (8125) resulting in 0.48" rain. Pile 1: (1435) sump 
water 3/4" above bottom sump switch and pile is flowing at a slow drip. Sample collection bottle 
was full, replaced with new bottle. Brown slime covering bottom of sump, with clumps of green 
algae present. Meter reads o. Pile 4: 1 1/4" water in the sump with about 100 mL in the 
collection bottle. No flow. Slight oil sheen on surface of water. Meter not functioning yet. 

8/29/00 - 0.09" rain from previous evening. Pile 1: Water in the sump measured 1" more than on 
8128 and the collection bottle had about mLs of water which indicates that the pump had been 
triggered. Pile 4: Replaced collection bottle to measure pH and SC. Sampled metals and 
nutrients from pile 1, not enough water to sample pile 4. 

8/31/00 - 1.56" rain between 8/30 PM and 8/31 AM, also heavy mist off and on all day. 
Replaced sample bottle in pile 1. 

9/1/00 - Pile 4: Water is 1/2 way between sump switches, water dripping into sump. Sample bottle 
is 3/4 full which indicates that the pump had triggered. Meter not working yet. Pile 1: Water is 
112 way between switches, water dripping into sump. Sample bottle is approximately 1/5 full 
which indicates that the pump had triggered, meter still reads zero. 

9/5/00 - 0.82" rain over the weekend. Pile 4: There is about 2" of water in the sump and the 
collection bottle is full (2000 mLs). Flow rate at 1247 was 31 mL/min. Pile 1: There is 2 112" 
water in the sump and the collection bottle is full (2000 mLs). Flow rate was 15.5 mL/min. Bin 
3: Started loading with the 0.39% S rock. Loaded 2 truck loads into the pile and took 4 samples 
from each load once they were placed in the pile. One random sample from the east side ofthe 
pile, one from the west, one from the north, and one from the south. 

9/7/00 - 0.63" rain. Pile 4: There is about 6" of water in the sump and the collection bottle 
almost 112 full, Flow rate is at 155 mLs/ 30 sec. Pile 1: There is a little over 6" of water in sump 
and the collection bottle is 1/4 full, flow rate is at 140 mLs/30 sec. Pile 3: Pile is complete. 
Took rock samples as described on 9/5. 

9/11/00 - 0.24" rain over weekend. Pile 4: There is about 2 1/2" of water in the sump and the 
collection bottle is full (exchanged for new bottle). Flow rate is at 14 mLs/min. Pile 1: There is 
about 4" of water in the sump and the collection bottle is 3/4 full (exchanged for new bottle). 
Flow rate is at 9 mLs/min. There is a considerable amount of algae present in the sump. Pile 3: 
Received some flow (water in the sump is to the top ofthe bottom sump switch), Pile is not 
currently flowing. Sump needs cleaning due to the presence of algae. 



Attachment A2.1. Page 3 of 10. Field notes on waste characterization piles. 

9/12/00 - Pile 4: There is 7" water in the sump and the collection bottle is full (exchanged for 
new bottle) Flow is at 1.5 mLs/min. Pile 1: There is about 6" of water in sump and the collection 
bottle is full (exchanged for new bottle). Pile is not currently flowing. Still having problems 
troubling shooting the electrical problem. Pile 3: No flow. 

9/15/00 - Pile 4: 3" of water in the sump, no flow. Pile 1: About 1" of water in the sump, no 
flow. 

9/18/00 - Started filling bin 2. Took additional rock samples using the same procedure as pile 3. 

9/19/00 - Pile 4: Water level in the sump is unchanged from 9/15, no water in the collection 
bottle, and the pile is not flowing. There is some green algae starting appear in the sump. Pile 1: 
Water level in the sump is unchanged from 9/15, no water in the collection bottle, and the pile is 
not flowing. There is brown/green algae present in the sump. Pile 2: Pile is complete. 

9126/00- Pile 4: 2 V2 to 2 3/4" water in sump (0911), meter read 98, accidentally hit sump switch, 
now 1 1/4" (water halfway up to sump inlet pipe). Grey plastic shavings from meter box in 
sump, collection bottle about 1" water. Pile 3- dry with grey shavings. Pile 2 - 1 3/4" water in 
sump, collection bottle empty. Pile 1 - 5 1/4" water in sump, collection bottle a <1" with grey 
shavings. 

1 0/6/00 - Pile 4 - 1" water in sump, and 1" water in collecting bottle, Pile 3 - empty, Pile 2 - 1 
5/8" water in sump, collection bottle empty, Pile 1 - 6 3/4" water in sump, > 1 " water in 
collecting bottle. 

1 0/11/00 - Same as 9/26, switched collection bottles (1126) on piles1 (100 mL) and 4 (250 mL) 
to sample SC, and pH. Power to pumps off and collection bottles disconnected. 

10/17/00 - Power still off so water is not collecting in bottles. Rained (1.52") over weekend, so 
collected grab samples of sumps from the 4 piles. All still flowing (1020) Pile 4 - 33 mL/min, 
Pile 3 - 25 mL/min, Pile 2 - 15 to 17 mLimin, Pile 1 - 25 mLimin. Piles 1 and 4 had a greenish 
tint to water and some algae on sump fixtures, and Piles 1, 3, and 4 had grey shavings in sump 
from drilling of electrical boxes. Pile 4 also had algae in sump. 

10127/00 - 1.29" rain on 10126. All piles flowing. At 0930 pile 4 - 87 mL/min, Pile 3 - 93 
mL/min, Pile 2 - 78 mL/min, Pile 1 - 76 mL/min. At 1430 Pile 4 - 71 mL/min, Pile 3 - 71 
mLimin, Pile 2 - 72 mL/min, and Pile 1 - 67 mLimin. 

1111100 - 0.7" rain. No evidence of erosion. Pile 4 - 150 mL/1 0 sec (960 mLlmin), Pile 3 -
160mL/13 sec (688 mLimin) ,Pile 2 - 160 mLl13 sec (688 mLlmin), Pile 1 - 160 mLllO sec 
(900 mLlmin). Meters working. 



Attachment A2.1. Page 4 of 10. Field notes on waste characterization piles. 

11/6/00 - more rain last week, 0.15". Strong flow, all pumps about 112 t03/4 full, 100 to 200 mL 
in collection bottles (except #2, valve to bottle was closed). Flow meter reading Pile 4 - 11, Pile 3 
- 171, Pile 2 - 170, Pile 1 - 156. 

1117/00 - 0.96"rain. Tripped each pile sump so that could get an instantaneous sample from inlet 
pipe (water in collection bottle had been diluted as a result of sump calibration). Changed 
number on meters from 1200 to 1150 (1415), noted that sump screens needed cleaning from 
plastic chips and algae. 

11/8/00 - O.4"rain. Flow and volume measurements taken. Cleaned sumps and flow meter 
screens. 

1119/00 - Freezing rain/snow overnight. Meter and flow measurements (1545). Changed 
collection bottle. Still flowing 15 to 20 mLimin. 

11/13/00 - Rain snow mix over the weekend. Meter and flow measurements (1345). Still 
flowing 12 to 14 mLimin. 

11114/00 - Meter and flow measurements (1050). Piles still flowing 2 to 22 mLimin. 

11/16/00 - Meter and flow measurements (1300). Piles flowing 5 to 6 mL/min. 

11/20/00 - No flow, piles starting to slush and freeze. Switched collection bottles for spring. 

11122/00 - Removed remaining water and cleaned piles for winter, also drained sump pumps. 

11122 to 12/4 - Water flowing at some point in piles 2 through 4. 

12/4/00 - Meter readings Pile 3 -1296, Pile 4 - 635. 

3/22/01 - Warm temperatures led to flow in some tanks (Pile 2,3). Snow left only on north side 
of piles. 

3123/01 - Flow in Piles 2 - 4, ranged from 16 - 4 mL/min. Weather turning cool again. 

3127/01 - Electrical disturbance in Pile 2. Reset meter to zero. Sump was nearly full prior to trip 
for reset test. No flow in piles. 

4/2/01 - Slow (~lmL1min) flow in Piles 2 and 3. Snow previous night and AM. Snow remains 
on north side of rock piles. 



Attachment A2.1. Page 5 of 10. Field notes on waste characterization piles. 

4/4/01 - Pile 2 - %" from tripping, tripped sump to see if meter was working. Meter read 13 after 
trip. 

4/6/01 - There is standing water in pile 3 with a film on the surface. The outlet pipe must be 
frozen. 

4/9/01 - Pile 4 - standing water in pile (ice in pipe), exchanged bottles from Piles 2 & 3 because 
they were full. 

4/10/01 - Switched collection bottle in Pile 1 . 

4/11101 - Pile 4 output pipe still frozen, pumped about 112 gal of hot water in to thaw pipe (at 
1100). Pipe began to flow, after a few minutes flow was 250 mLl9 sec. 1 trip resulted in a meter 
reading of 654. At 1300 the meter read 908, at 1520 meter read 1531. 

4/12/01 - Pile 4 changed collection bottle. 

4/19/01 - Pile 2 changed collection bottle. 

4/20/01 - Piles 1,3, and 4 changed collection bottles. 

4/25/01 - Collected samples for analysis. 

5/4/01 - Checked calibration of meter to sump. Power outage caused erroneous readings. 

5/7/01 - Checked calibration of meter/sump again, cleaned all screens (clogged with algae, 
insects). 

5/10/01 - Collected samples for analysis. All outlets are still dripping. 

5/23/01 - Collected samples for analysis. 

6/4/01 - Cleaned algae from sumps, forgot to disconnect sample bottle on Piles 2- 4 when 
cleaning. 

6/8/01 - Put new collection jars in piles due to contamination of algae when cleaning on 6/4. 

6/15/01 - Collected samples for analysis. 

6/21101 - Measured oxygen and temperature of rock piles. 

7/11101 - Measured oxygen and temperature of rock piles. 
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7/13/01 - Cleaned sumps and pumped out water. 

7/19/01 - The cover on Pile 2 flew open during a storm the previous evening. Noticed that there 
is algae (red) &/or possible mold (black spots) in most of the tubing from pump to overflow pipe, 
also a little green algae tubing to collection jars. 

7/24/01 - Measured oxygen and temperature of rock piles. 

7/30/01 - Rain AM, mist and fog. 

7/31/01 - Cleaned algae from pump screens, overcast, humid. 

8/1/01 - Thunderstorms previous evening, 0.96 in rain. Wind may have blown tiny rock 
particles around, also slight erosion activity between piles. Humidity 100% (all week). Steady 
flow still at 1045. Sumps in piles 1 and 4 stained brown with a little algae, pile 2 very green, 
pile 3 lots of filamentous-like algae. Changed collection jars on piles 1,2, and 4 (in refrigerator 
for analysis). Pile 3 collection jar was only half full. 

8/2/01 - Collected flow from overnight and added to yesterdays collection jars for analysis (piles 
1,2, and 4). Collected sample jar from pile 3 for analysis. Measured oxygen of piles with YSI. 
Calibrated YSI (@ 25C in lab while probe in chamber). 

8/8/01 - Thunderstorms 4:30 - 5AM, heavy winds, rain = 0.15 in. Visual inspection of piles: Pile 
1 - sump brown with green filaments of algae, Pile 2 - sump thick green filaments of algae, Pile 3 
- sump green algae, not as thick as sump 2, Pile 4 - sump stained ark brown with some green 
algae. All sumps flowing at a rapid drip. Thunderstorms again at 4:30 PM. 

8/9/01 - Thunderstorms at 12:30 AM, heavy winds, rain= 0.45 in (includes rain from 8/8/01 
afternoon storm). 

8/20/01 - Collected samples for analysis. Sumps full of algae. Cleaned screens. 

8/23/01 - Measured oxygen content of the rock piles using YSI. Possible errors when the 
temperature reaches 35 C in the measuring chamber. 

8/29/01 - Cleaned sumps on the prediction piles. Measured water volume and removed water 
while cleaning. 

8/30/01 - Pile 1 pump was not working and resulted in lost flow. The lower sump switch was 
stuck in the off position, and water exited the sump via the outflow pipe. 

9/12/01 - Collected samples for analysis and disposed of remaining sample. 
Cleaned algae from screens. 
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