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Fig. S1: Quantitative powder X-ray diffraction analysis (QXRD) of the raw metakaolin by means of Rietveld 
refinement (using Topas, Bruker). 

 

 

Fig. S2: Overview of the sampling locations for XRD, NMR and XANES analyses, extracted from cross 

sections of the mortar specimens after acid exposure, together with the areas on which the EPMA mappings 

were conducted.  

 

  



 

Fig. S3: BSE picture and elemental mapping of Al, Si, K, S and Ca displaying the transition (inner and 
outer zone) from intact to corroded microstructure of the Cu94 specimen.  

 

Fig. S4: BSE picture and elemental mappings of secondary Ca-sulfates, precipitating in a crack at the 

transition between intact and corroded matrix, with an average chemical composition of anhydrite.  



 

 

Fig. S5: Measured XANES spectra at the Cu K-edge of the reference compounds, and XANES spectra at 

the Cu K-edge obtained from databases (UC: University of Chicago [http://cars.uchicago.edu/xaslib/search]; 

HU: Hokkaido University [https://www.cat.hokudai.ac.jp/catdb/]). 

  



Table S1: Mean oxide concentrations of quantitative FEG-EPMA spot measurements of the intact matrix, 

the transition zone and the corroded layers of the Ref, Cu9 and Cu94 specimens, together with the mean 

chemical compositions of the large and small Cu-grains in wt.%. 

Sample ID Al2O3  Na2O SiO2 MgO CuO K2O CaO SO3 FeO total oxide mass 

  wt.% wt.% wt.% wt.% wt.% wt.% wt.% wt.% wt.% wt.% 

Ref_intact 21.43 0.19 46.07 0.46 0.02 14.07 1.01 0.16 3.49 86.92 

Ref_transition 20.30 0.14 45.60 0.43 0.01 14.07 0.65 1.09 2.23 84.57 

Ref_corroded 5.67 0.08 70.74 0.22 0.01 1.99 0.10 2.16 2.78 83.77 

Cu9_intact 21.08 0.18 45.53 0.54 0.03 13.68 1.36 0.27 3.30 86.14 

Cu9_transition 19.63 0.17 45.55 0.45 0.29 11.78 2.13 2.28 3.58 85.90 

Cu9_corroded 3.94 0.05 66.66 0.16 0.02 0.79 0.25 1.12 1.41 74.42 

Cu94_intact 19.73 0.18 46.29 0.50 0.23 14.79 2.08 0.16 2.09 86.13 

Cu94_transition 21.70 0.12 46.68 0.26 0.63 10.24 0.95 1.03 2.33 84.03 

Cu94_corroded 3.60 0.04 66.32 0.27 0.06 0.61 0.15 1.54 1.19 73.83 

Cugrain_large_1_core 0.49 0.06 4.58 0.07 77.01 0.32 0.41 0.27 0.03 83.33 

Cugrain_large_1_inner_rim 3.39 0.09 21.12 0.13 45.56 1.04 0.33 0.20 0.05 71.99 

Cugrain_large_1_outer_rim 2.47 0.13 12.00 0.12 66.12 0.79 0.42 0.32 0.14 82.64 

Cugrain_large_2_core 3.94 0.25 24.42 0.23 51.24 2.00 0.83 0.86 0.09 83.94 

Cugrain_large_2_rim 2.41 0.18 11.99 0.23 76.70 1.02 0.60 0.17 0.37 93.75 

Cugrain_small_1 1.67 0.11 9.66 0.09 59.10 0.84 0.67 0.27 0.07 72.60 

Cugrain_small_2 4.21 0.06 26.64 0.26 43.31 2.80 1.15 0.37 0.25 79.15 

Cugrain_small_3 3.33 0.04 16.63 0.34 62.31 2.02 1.81 0.27 0.55 87.41 

 

  



Table S2: Oxide concentrations of all quantitative FEG-EPMA spot measurements of the intact matrix, the 

transition zone and the corroded layers of the Ref, Cu9 and Cu94 specimens, together with all chemical 

compositions of the Cu-grains in wt.%. 

Sample ID Al2O3  Na2O SiO2 MgO CuO K2O CaO SO3 FeO total oxide mass 

  wt.% wt.% wt.% wt.% wt.% wt.% wt.% wt.% wt.% wt.% 

Ref_intact_1 28.66 0.24 49.84 0.58 0.02 8.85 0.64 0.06 3.17 92.10 

Ref_intact_2 27.15 0.28 50.73 0.56 0.00 9.69 0.58 0.06 2.91 92.00 

Ref_intact_3 18.77 0.13 50.26 0.30 0.00 18.53 1.70 0.24 1.82 91.74 

Ref_intact_4 20.12 0.16 44.06 0.16 0.08 18.76 1.20 0.16 0.74 85.45 

Ref_intact_5 17.31 0.17 43.16 0.26 0.00 19.44 1.59 0.35 1.03 83.39 

Ref_intact_6 22.15 0.17 48.24 0.89 0.02 11.26 0.82 0.19 6.56 90.35 

Ref_intact_7 14.54 0.07 46.59 0.23 0.00 19.05 0.99 0.14 0.94 82.61 

Ref_intact_8 18.77 0.17 49.05 0.35 0.08 19.00 1.54 0.20 1.21 90.41 

Ref_intact_9 20.00 0.17 44.11 0.20 0.03 18.34 1.35 0.21 2.76 87.18 

Ref_intact_10 19.45 0.21 44.04 0.51 0.00 16.53 1.12 0.22 2.94 85.03 

Ref_intact_11 24.10 0.18 46.02 0.47 0.00 11.20 0.84 0.14 3.34 86.28 

Ref_intact_12 19.87 0.19 39.70 0.19 0.03 11.79 0.87 0.08 16.74 89.52 

Ref_intact_13 19.86 0.20 44.43 1.38 0.04 10.69 1.01 0.35 6.60 84.60 

Ref_intact_14 19.49 0.13 41.78 0.29 0.00 16.20 1.16 0.16 3.49 82.74 

Ref_intact_15 15.03 0.12 24.99 0.08 0.02 13.82 0.87 0.21 1.11 56.25 

Ref_intact_16 18.24 0.12 33.49 0.12 0.00 13.65 1.04 0.07 19.33 86.08 

Ref_intact_17 15.57 0.10 46.85 0.82 0.05 14.83 1.42 0.50 4.15 84.29 

Ref_intact_18 21.38 0.26 50.47 0.25 0.00 17.80 1.39 0.26 1.39 93.19 

Ref_intact_19 26.81 0.21 46.23 0.15 0.00 14.50 0.61 0.07 1.21 89.79 

Ref_intact_20 14.71 0.13 33.94 0.33 0.01 13.56 0.83 0.18 4.89 68.58 

Ref_intact_21 25.05 0.23 47.99 0.12 0.00 12.75 0.42 0.04 1.57 88.17 

Ref_intact_22 16.96 0.16 44.12 1.38 0.00 12.25 1.17 0.24 7.13 83.41 

Ref_intact_23 20.45 0.12 44.67 0.23 0.06 17.77 1.18 0.17 1.26 85.91 

Ref_intact_24 19.43 0.17 48.01 0.71 0.00 12.62 1.00 0.28 5.17 87.39 

Ref_intact_25 19.75 0.16 48.60 0.69 0.00 15.41 1.12 0.18 3.98 89.90 

Ref_intact_26 21.89 0.21 46.49 0.42 0.00 14.90 2.06 0.10 3.35 89.42 

Ref_intact_27 19.81 0.12 46.14 0.16 0.00 19.32 0.92 0.09 0.96 87.51 

Ref_intact_28 26.35 0.14 46.07 0.90 0.00 8.61 0.82 0.06 3.07 86.08 

Ref_intact_29 24.99 0.22 48.80 0.90 0.03 7.80 1.07 0.25 7.44 91.51 

Ref_intact_30 22.66 0.21 41.46 0.30 0.00 17.67 1.25 0.05 1.77 85.41 

Ref_intact_31 18.90 0.12 42.09 0.45 0.06 14.82 1.26 0.14 3.83 81.72 

Ref_intact_32 27.83 0.28 49.62 0.83 0.04 9.65 0.54 0.03 3.34 92.25 

Ref_intact_33 20.55 0.12 42.98 0.34 0.00 16.20 1.66 0.15 2.30 84.30 

Ref_intact_34 19.45 0.20 46.46 0.81 0.00 11.25 1.01 0.37 7.01 86.58 

Ref_intact_35 20.73 0.19 42.12 0.26 0.03 18.29 1.14 0.11 1.18 84.06 

Ref_intact_36 19.31 0.16 44.86 0.79 0.00 13.42 0.95 0.36 5.90 85.74 

Ref_intact_37 26.77 0.33 46.35 0.08 0.06 13.25 0.45 0.10 1.07 88.56 



Ref_intact_38 22.61 0.17 50.19 0.73 0.01 10.67 0.75 0.14 4.87 90.14 

Ref_intact_39 22.46 0.21 40.66 0.10 0.05 16.81 0.72 0.11 0.67 81.79 

Ref_intact_40 20.13 0.20 46.00 0.20 0.00 19.24 1.15 0.15 1.23 88.30 

Ref_intact_41 19.38 0.17 44.73 0.20 0.01 19.51 1.46 0.66 0.88 87.08 

Ref_intact_42 20.31 0.15 45.85 0.28 0.05 18.27 1.04 0.18 2.55 88.71 

Ref_intact_43 25.56 0.22 50.21 0.74 0.03 9.26 0.68 0.11 4.06 90.91 

Ref_intact_44 23.37 0.20 54.06 0.50 0.00 10.43 0.54 0.07 1.54 90.72 

Ref_intact_45 19.76 0.16 49.62 2.13 0.02 10.36 1.26 0.24 6.02 89.57 

Ref_intact_46 26.09 0.26 48.13 0.45 0.00 11.28 0.54 0.06 4.73 91.62 

Ref_intact_47 24.91 0.24 47.22 0.12 0.03 13.13 0.43 0.05 0.86 87.01 

Ref_intact_48 19.17 0.12 44.37 0.13 0.00 17.92 0.79 0.27 0.87 83.70 

Ref_intact_49 20.28 0.22 47.03 0.25 0.01 18.62 1.14 0.15 0.95 88.66 

Ref_intact_50 25.43 0.29 47.63 0.16 0.02 12.52 0.43 0.04 1.62 88.16 

Ref_intact_51 26.30 0.28 45.02 0.41 0.00 9.02 0.54 0.08 6.02 87.66 

Ref_intact_52 23.72 0.23 49.19 1.18 0.07 10.06 0.89 0.14 3.78 89.37 

Ref_intact_53 22.07 0.17 49.58 0.72 0.00 9.88 0.72 0.09 3.84 87.07 

Ref_intact_54 23.84 0.20 45.71 0.46 0.00 9.26 0.66 0.14 4.74 85.07 

Ref_intact_55 24.71 0.19 43.80 0.46 0.06 8.62 0.75 0.19 5.41 84.19 

Ref_intact_56 23.98 0.18 48.53 0.46 0.00 11.34 0.73 0.06 3.63 88.98 

Ref_intact_57 17.85 0.24 45.07 0.89 0.00 11.87 2.93 0.24 9.04 88.13 

Ref_intact_58 26.91 0.26 47.27 0.39 0.00 9.87 0.69 0.08 3.92 89.40 

Ref_intact_59 12.83 0.13 64.09 0.09 0.01 11.60 0.58 0.18 0.50 90.02 

Ref_intact_60 17.62 0.16 45.48 0.28 0.00 19.95 1.99 0.09 0.92 86.54 

Ref_intact_61 19.46 0.19 45.15 0.46 0.00 17.34 1.14 0.14 3.77 87.65 

Ref_intact_62 14.12 0.22 64.01 0.27 0.01 11.86 1.01 0.19 1.34 93.09 

Ref_intact_63 19.06 0.14 45.63 0.20 0.00 17.96 1.50 0.20 1.24 85.93 

Ref_intact_64 20.86 0.20 46.34 0.25 0.00 19.01 1.35 0.15 1.21 89.39 

Ref_intact_65 28.90 0.29 47.27 0.54 0.02 9.26 0.51 0.05 3.78 90.61 

Ref_intact_66 21.10 0.28 42.39 0.33 0.01 18.13 1.11 0.14 2.14 85.63 

Ref_intact_67 22.89 0.20 46.32 0.64 0.03 11.88 0.71 0.06 3.74 86.48 

Ref_intact_68 21.97 0.25 39.51 0.34 0.00 12.86 0.77 0.13 8.14 83.96 

Ref_intact_69 18.65 0.12 44.14 0.21 0.01 17.98 0.96 0.19 2.13 84.43 

Ref_intact_70 21.52 0.32 45.93 0.19 0.00 18.69 1.27 0.21 0.69 88.82 

Ref_intact_71 19.88 0.21 46.87 0.28 0.05 19.20 1.11 0.25 1.50 89.37 

Ref_intact_72 26.82 0.25 49.46 0.59 0.00 10.39 0.57 0.08 2.58 90.74 

Ref_intact_73 27.13 0.31 45.49 0.62 0.09 9.31 0.62 0.08 3.23 86.88 

Ref_transition_1 14.75 0.06 46.37 0.31 0.00 14.83 0.39 0.47 0.80 78.01 

Ref_transition_2 19.48 0.13 50.16 0.40 0.01 14.57 0.48 0.69 1.08 87.01 

Ref_transition_3 18.27 0.17 42.24 0.29 0.00 17.00 0.39 0.61 0.79 79.76 

Ref_transition_4 15.59 0.13 47.49 1.33 0.00 10.50 0.63 0.86 9.42 86.02 

Ref_transition_5 17.56 0.14 42.65 0.26 0.00 15.99 2.95 3.70 1.21 84.46 

Ref_transition_6 18.91 0.16 41.35 0.38 0.06 15.47 1.16 2.15 2.67 82.36 



Ref_transition_7 20.35 0.20 48.80 0.37 0.00 17.19 1.13 2.01 0.80 90.88 

Ref_transition_8 26.46 0.09 48.67 0.75 0.00 7.93 0.40 0.53 3.43 88.31 

Ref_transition_9 18.29 0.14 42.50 0.22 0.00 16.92 0.30 0.82 1.45 80.64 

Ref_transition_10 18.35 0.13 43.57 0.38 0.00 15.25 0.36 1.26 2.04 81.38 

Ref_transition_11 30.43 0.18 46.79 0.33 0.03 8.82 0.27 0.28 1.03 88.21 

Ref_transition_12 30.02 0.11 46.56 0.22 0.00 8.14 0.33 0.36 1.28 87.02 

Ref_transition_13 17.78 0.14 51.98 0.22 0.00 14.72 0.24 0.61 0.69 86.46 

Ref_transition_14 18.99 0.18 41.83 1.00 0.00 12.95 0.62 1.14 7.17 83.89 

Ref_transition_15 19.26 0.22 46.65 0.22 0.06 17.86 0.37 0.76 0.92 86.32 

Ref_transition_16 19.79 0.17 37.06 0.32 0.00 13.94 0.97 1.83 3.09 77.17 

Ref_transition_17 20.10 0.13 44.51 0.69 0.00 13.30 0.49 0.83 2.66 82.78 

Ref_transition_18 20.45 0.15 46.34 0.27 0.00 17.11 0.45 1.00 1.01 86.77 

Ref_transition_19 20.78 0.08 50.97 0.29 0.06 14.87 0.41 0.86 0.85 89.30 

Ref_corroded_1 5.69 0.08 74.12 0.24 0.01 1.99 0.16 1.84 2.46 86.64 

Ref_corroded_2 9.55 0.08 68.65 0.09 0.02 1.95 0.05 1.67 0.41 82.51 

Ref_corroded_3 8.99 0.11 73.27 0.22 0.00 2.24 0.08 2.46 0.68 88.09 

Ref_corroded_4 7.40 0.12 46.54 0.47 0.00 2.97 0.22 2.23 25.80 85.76 

Ref_corroded_5 9.21 0.07 69.78 0.55 0.00 1.65 0.23 2.20 2.51 86.20 

Ref_corroded_6 6.29 0.07 70.90 0.29 0.01 2.49 0.08 2.47 1.15 83.76 

Ref_corroded_7 4.83 0.05 71.92 0.15 0.00 2.02 0.06 2.13 1.32 82.49 

Ref_corroded_8 3.18 0.06 69.64 0.23 0.05 1.57 0.08 2.71 1.18 78.70 

Ref_corroded_9 3.41 0.09 74.51 0.23 0.00 1.75 0.05 2.37 1.25 83.65 

Ref_corroded_10 3.19 0.05 82.80 0.17 0.02 1.47 0.07 2.38 0.33 90.53 

Ref_corroded_11 3.53 0.06 78.13 0.16 0.00 2.24 0.05 2.60 0.51 87.32 

Ref_corroded_12 6.96 0.10 75.15 0.30 0.00 2.60 0.11 1.81 2.46 89.52 

Ref_corroded_13 9.99 0.11 69.35 0.14 0.00 2.41 0.07 2.07 0.79 84.94 

Ref_corroded_14 3.11 0.07 68.04 0.06 0.00 1.08 0.05 1.14 0.24 73.83 

Ref_corroded_15 7.94 0.09 64.30 0.33 0.00 2.41 0.13 2.48 8.03 85.71 

Ref_corroded_16 3.28 0.05 64.84 0.09 0.00 2.02 0.08 2.40 0.59 73.35 

Ref_corroded_17 3.84 0.04 64.88 0.20 0.00 1.79 0.08 2.25 2.02 75.13 

Ref_corroded_18 4.37 0.14 77.65 0.15 0.02 1.67 0.15 1.59 0.67 86.49 

Ref_corroded_19 3.02 0.06 79.60 0.15 0.00 1.43 0.05 2.24 0.45 86.99 

Cu9_intact_1 15.55 n.a. 46.59 0.20 0.00 18.02 1.00 0.43 1.53 83.42 

Cu9_intact_2 15.59 n.a. 43.47 0.49 0.00 16.67 1.31 0.50 3.05 81.75 

Cu9_intact_3 17.75 n.a. 45.58 0.25 0.00 18.65 0.95 0.49 1.00 84.76 

Cu9_intact_4 14.56 n.a. 40.06 0.60 0.06 15.30 8.07 0.69 0.65 80.03 

Cu9_intact_5 20.20 n.a. 47.59 0.92 0.15 11.31 0.85 0.36 3.92 86.11 

Cu9_intact_6 17.84 n.a. 45.87 0.33 0.05 17.29 1.05 0.27 2.17 85.65 

Cu9_intact_7 16.25 n.a. 43.09 0.32 0.00 17.22 1.18 0.43 2.12 81.92 

Cu9_intact_8 17.50 n.a. 44.81 0.25 0.07 17.13 1.06 0.42 2.03 84.46 

Cu9_intact_9 20.32 n.a. 47.54 0.91 0.03 10.41 0.71 0.35 4.05 84.85 

Cu9_intact_10 21.36 n.a. 46.16 0.59 0.04 10.87 0.67 0.43 5.59 86.30 



Cu9_intact_11 19.30 n.a. 47.64 1.21 0.11 9.25 0.82 0.75 8.09 87.79 

Cu9_intact_12 17.00 n.a. 46.31 0.38 0.09 18.58 1.15 0.78 1.31 88.05 

Cu9_intact_13 23.36 n.a. 47.37 0.10 0.00 11.59 0.47 0.04 1.61 85.29 

Cu9_intact_14 19.87 n.a. 44.31 0.27 0.00 14.57 0.70 0.11 1.02 81.07 

Cu9_intact_15 17.45 n.a. 40.38 0.21 0.05 17.13 0.76 0.10 1.17 78.03 

Cu9_intact_16 20.72 n.a. 47.27 1.31 0.08 10.82 0.81 0.10 5.40 87.76 

Cu9_intact_17 26.60 0.20 42.82 0.24 0.05 10.91 0.53 0.10 3.97 85.41 

Cu9_intact_18 18.16 0.09 39.73 0.40 0.00 17.06 1.03 0.24 4.10 80.84 

Cu9_intact_19 19.11 0.13 49.31 0.38 0.03 17.84 0.96 0.16 1.66 89.60 

Cu9_intact_20 19.44 0.10 41.92 0.41 0.06 17.30 3.99 0.15 1.22 84.61 

Cu9_intact_21 20.95 0.20 48.24 1.59 0.00 11.76 0.72 0.54 3.44 87.47 

Cu9_intact_22 19.52 0.10 47.06 0.52 0.05 15.24 6.76 0.25 0.95 90.50 

Cu9_intact_23 18.97 0.12 36.14 0.23 0.10 16.99 0.74 0.22 1.77 75.29 

Cu9_intact_24 25.38 0.20 43.06 0.66 0.00 9.94 0.74 0.19 3.09 83.27 

Cu9_intact_25 19.90 0.16 44.75 0.39 0.00 16.69 3.85 0.36 1.41 87.52 

Cu9_intact_26 24.23 0.41 54.14 0.63 0.00 9.57 0.71 0.19 2.17 92.11 

Cu9_intact_27 26.37 0.20 47.07 0.34 0.12 12.19 0.61 0.10 2.75 89.82 

Cu9_intact_28 27.03 0.24 46.48 0.51 0.01 10.95 0.66 0.09 4.12 90.11 

Cu9_intact_29 16.24 0.17 41.74 0.88 0.00 13.14 1.91 0.34 8.23 82.70 

Cu9_intact_30 17.57 0.08 48.10 1.05 0.00 8.63 1.13 0.31 4.35 81.26 

Cu9_intact_31 24.94 0.15 47.95 0.71 0.00 11.40 0.49 0.06 2.58 88.30 

Cu9_intact_32 17.96 0.13 43.10 0.22 0.00 18.05 0.98 0.19 1.44 82.13 

Cu9_intact_33 19.33 0.16 47.32 1.18 0.03 13.42 1.02 0.36 6.11 88.93 

Cu9_intact_34 18.31 0.10 43.10 0.37 0.00 17.67 2.02 0.28 0.77 82.71 

Cu9_intact_35 18.41 0.15 44.46 0.39 0.00 17.85 3.41 0.33 1.43 86.45 

Cu9_intact_36 26.82 0.32 42.98 0.26 0.02 8.88 0.45 0.11 7.70 87.56 

Cu9_intact_37 24.16 0.24 46.82 0.48 0.04 12.64 0.80 0.26 5.04 90.52 

Cu9_intact_38 28.69 0.17 44.38 0.10 0.05 9.74 0.47 0.08 2.74 86.42 

Cu9_intact_39 26.25 0.21 47.85 0.43 0.00 10.04 0.69 0.15 2.89 88.53 

Cu9_intact_40 24.50 0.22 49.20 1.04 0.05 7.98 1.05 0.42 6.97 91.43 

Cu9_intact_41 23.12 0.15 49.32 0.96 0.01 9.34 0.93 0.57 6.29 90.69 

Cu9_intact_42 20.16 0.16 40.31 0.43 0.05 15.60 1.10 0.27 2.26 80.34 

Cu9_intact_43 17.91 0.14 41.97 0.46 0.05 17.43 4.28 0.27 1.56 84.15 

Cu9_intact_44 19.94 0.12 49.02 0.48 0.03 10.99 0.61 0.26 10.08 91.60 

Cu9_intact_45 25.02 0.25 49.48 0.47 0.01 10.35 0.62 0.09 4.57 90.92 

Cu9_intact_46 28.16 0.26 47.72 0.20 0.05 11.95 0.53 0.02 1.20 90.10 

Cu9_intact_47 26.11 0.27 46.92 0.18 0.12 13.09 0.45 0.03 1.07 88.24 

Cu9_intact_48 19.48 0.15 43.52 0.43 0.00 14.96 0.81 0.23 3.42 83.07 

Cu9_intact_49 19.58 0.19 43.05 0.45 0.02 15.80 3.10 0.23 2.94 85.36 

Cu9_intact_50 19.05 0.16 47.63 0.66 0.08 16.69 0.87 0.41 3.86 89.40 

Cu9_intact_51 18.87 0.10 45.49 0.30 0.00 17.78 2.58 0.33 1.42 86.88 

Cu9_intact_52 21.29 0.21 43.43 0.77 0.07 9.94 0.80 0.23 4.27 81.06 



Cu9_intact_53 25.40 0.26 50.04 0.72 0.02 9.66 0.74 0.21 4.36 91.41 

Cu9_intact_54 26.44 0.22 47.85 0.67 0.02 9.95 0.72 0.11 4.08 90.08 

Cu9_intact_55 25.44 0.15 49.82 0.72 0.05 9.00 0.75 0.10 4.91 90.99 

Cu9_intact_56 26.24 0.24 49.17 0.58 0.05 9.98 0.56 0.10 3.61 90.52 

Cu9_intact_57 19.01 0.15 42.64 0.33 0.00 18.59 2.56 0.16 1.17 84.62 

Cu9_intact_58 19.24 0.14 46.86 0.69 0.07 16.42 1.17 0.29 3.46 88.34 

Cu9_intact_59 19.59 0.16 40.82 0.27 0.01 17.35 1.31 0.22 2.47 82.20 

Cu9_intact_60 20.00 0.24 43.12 0.79 0.04 13.84 1.51 0.34 7.55 87.42 

Cu9_intact_61 18.27 0.10 42.49 0.31 0.00 15.77 0.78 0.21 3.57 81.51 

Cu9_intact_62 18.78 0.09 44.16 0.26 0.06 18.34 1.46 0.25 1.62 85.06 

Cu9_intact_63 23.76 0.21 48.85 0.59 0.02 11.74 0.76 0.20 3.49 89.68 

Cu9_intact_64 24.85 0.17 48.76 0.96 0.01 10.55 0.68 0.15 2.53 88.72 

Cu9_transition_1 21.52 0.61 50.15 0.39 0.12 14.64 2.38 2.50 0.87 93.18 

Cu9_transition_2 16.49 0.10 42.90 0.41 0.26 10.89 2.69 3.35 1.61 78.74 

Cu9_transition_3 23.92 0.13 41.33 0.92 0.34 8.31 1.99 3.22 4.42 84.61 

Cu9_transition_4 16.90 0.21 37.02 0.27 0.21 14.71 6.59 5.26 1.83 83.07 

Cu9_transition_5 19.26 0.12 42.24 0.41 0.27 13.95 0.59 1.27 1.60 79.71 

Cu9_transition_6 17.58 0.10 46.85 0.72 0.42 10.03 0.76 1.58 8.06 86.19 

Cu9_transition_7 20.01 0.17 45.41 0.40 0.31 18.11 1.11 2.08 1.33 88.99 

Cu9_transition_8 32.46 0.13 49.00 0.13 0.07 5.15 0.28 0.18 0.98 88.40 

Cu9_transition_9 18.62 0.21 47.66 0.37 0.15 17.93 3.40 3.25 0.72 92.43 

Cu9_transition_10 19.89 0.17 46.09 0.84 0.52 9.88 2.45 2.66 3.81 86.30 

Cu9_transition_11 19.78 0.23 39.29 0.51 0.30 12.60 4.42 4.15 3.00 84.35 

Cu9_transition_12 25.03 0.16 44.46 0.66 0.33 9.78 0.47 1.04 1.93 83.86 

Cu9_transition_13 19.10 0.14 46.29 0.22 0.20 18.50 2.40 2.44 0.68 90.07 

Cu9_transition_14 14.05 0.07 33.43 0.87 0.66 6.98 0.81 1.34 27.11 85.38 

Cu9_transition_15 18.35 0.17 45.65 0.24 0.33 16.54 4.09 3.39 1.15 89.97 

Cu9_transition_16 19.22 0.10 42.14 0.23 0.63 11.65 3.05 2.88 2.85 82.78 

Cu9_transition_17 18.46 0.21 44.72 0.27 0.14 14.65 4.90 4.26 1.19 88.89 

Cu9_transition_18 2.16 0.04 71.68 0.12 0.13 1.07 0.27 0.19 2.32 77.98 

Cu9_transition_19 24.35 0.18 47.84 0.45 0.17 10.32 0.65 0.71 3.23 87.91 

Cu9_transition_20 21.93 0.14 46.99 0.54 0.20 11.62 0.80 1.28 3.32 86.89 

Cu9_transition_21 23.20 0.11 45.35 0.39 0.24 10.17 0.65 0.86 3.21 84.27 

Cu9_corroded_1 2.43 0.13 59.49 0.05 0.00 0.79 0.69 1.18 0.73 65.50 

Cu9_corroded_2 9.38 0.06 62.35 0.59 0.00 1.54 0.44 0.22 3.62 78.24 

Cu9_corroded_3 2.83 0.02 66.54 0.08 0.01 0.87 0.28 0.86 0.74 72.23 

Cu9_corroded_4 3.06 0.02 64.12 0.07 0.00 0.71 0.27 0.43 0.48 69.18 

Cu9_corroded_5 1.88 0.06 65.74 0.03 0.00 0.77 0.27 0.51 0.18 69.43 

Cu9_corroded_6 5.36 0.07 63.05 0.30 0.02 0.93 0.31 0.43 2.18 72.69 

Cu9_corroded_7 3.10 0.02 67.28 0.03 0.01 0.76 0.26 0.43 1.13 73.03 

Cu9_corroded_8 7.13 0.04 56.11 0.07 0.00 0.89 0.31 0.34 7.12 72.01 

Cu9_corroded_9 7.67 0.02 63.79 1.35 0.04 1.91 0.45 0.44 3.44 79.12 



Cu9_corroded_10 2.25 0.08 65.31 0.06 0.05 0.70 0.24 0.56 1.10 70.36 

Cu9_corroded_11 8.29 0.07 63.78 0.19 0.05 1.31 0.30 0.41 2.63 77.02 

Cu9_corroded_12 4.48 0.08 75.26 0.10 0.00 0.71 0.30 0.58 1.08 82.60 

Cu9_corroded_13 2.42 0.04 72.28 0.12 0.00 0.59 0.20 0.56 0.45 76.69 

Cu9_corroded_14 2.52 0.08 70.36 0.08 0.00 0.63 0.22 0.63 0.42 74.94 

Cu9_corroded_15 3.83 0.07 68.81 0.08 0.04 0.88 0.34 0.81 1.79 76.65 

Cu9_corroded_16 2.29 0.02 81.92 0.07 0.00 0.63 0.28 0.68 0.26 86.17 

Cu9_corroded_17 3.02 0.04 69.64 0.08 0.04 0.60 0.22 1.75 0.52 75.90 

Cu9_corroded_18 2.94 0.05 69.86 0.12 0.00 0.71 0.25 1.46 0.88 76.26 

Cu9_corroded_19 4.76 0.01 68.86 0.22 0.00 0.92 0.28 1.30 0.84 77.20 

Cu9_corroded_20 3.11 0.06 73.55 0.17 0.00 0.76 0.24 1.39 1.18 80.51 

Cu9_corroded_21 6.56 0.03 69.31 0.09 0.00 0.68 0.18 1.31 0.54 78.70 

Cu9_corroded_22 2.81 0.04 70.28 0.09 0.03 0.52 0.14 2.05 1.08 77.09 

Cu9_corroded_23 3.62 0.03 60.67 0.18 0.00 0.79 0.12 2.51 0.87 68.79 

Cu9_corroded_24 2.95 0.01 66.09 0.04 0.01 0.58 0.08 1.48 1.56 72.81 

Cu9_corroded_25 2.71 0.04 67.58 0.06 0.09 0.69 0.09 3.09 1.60 75.94 

Cu9_corroded_26 1.98 0.02 64.54 0.05 0.00 0.36 0.08 1.44 0.41 68.91 

Cu9_corroded_27 2.15 0.01 64.00 0.07 0.00 0.46 0.03 1.43 1.20 69.34 

Cu9_corroded_28 4.90 0.04 55.86 0.16 0.07 0.50 0.12 3.21 1.48 66.34 

Cu94_intact_1 19.80 0.18 42.47 0.38 0.21 16.27 2.51 0.13 1.75 83.72 

Cu94_intact_2 18.13 0.13 44.83 0.44 0.15 16.48 2.29 0.23 1.58 84.28 

Cu94_intact_3 20.72 0.18 42.35 0.51 0.21 11.33 1.08 0.29 3.64 80.35 

Cu94_intact_4 20.35 0.15 47.20 0.41 0.18 16.62 2.25 0.12 1.13 88.43 

Cu94_intact_5 21.46 0.21 50.57 0.44 0.09 16.09 2.38 0.17 0.90 92.40 

Cu94_intact_6 20.08 0.18 51.05 0.39 0.15 15.43 2.47 0.15 1.26 91.17 

Cu94_intact_7 18.75 0.19 49.44 0.50 0.16 14.83 2.50 0.07 1.52 87.96 

Cu94_intact_8 19.43 0.11 42.98 0.31 0.17 15.35 2.28 0.11 1.42 82.20 

Cu94_intact_9 19.51 0.18 46.58 0.50 0.20 15.60 3.03 0.18 2.06 87.85 

Cu94_intact_10 21.49 0.24 48.38 0.54 0.31 15.46 2.14 0.11 2.45 91.23 

Cu94_intact_11 18.30 0.17 43.87 0.38 0.21 15.84 2.51 0.10 2.45 83.99 

Cu94_intact_12 17.77 0.08 40.54 0.78 0.40 10.32 1.12 0.27 3.25 74.65 

Cu94_intact_13 19.00 0.13 43.57 0.40 0.16 16.83 2.24 0.14 1.10 83.66 

Cu94_intact_14 19.80 0.15 43.15 0.44 0.20 15.64 2.27 0.14 1.76 83.64 

Cu94_intact_15 21.98 0.28 51.88 0.43 0.21 15.75 2.15 0.08 1.12 94.05 

Cu94_intact_16 16.34 0.56 60.17 0.94 0.26 7.15 1.03 0.23 6.34 93.31 

Cu94_intact_17 16.37 0.10 45.17 0.38 0.18 17.03 2.26 0.15 0.98 82.70 

Cu94_intact_18 17.80 0.09 43.61 0.47 0.12 16.13 2.15 0.09 3.64 84.09 

Cu94_intact_19 19.36 0.15 42.49 0.46 0.28 15.99 2.16 0.13 1.51 82.62 

Cu94_intact_20 27.61 0.21 50.11 0.71 0.21 7.70 0.57 0.29 3.01 90.41 

Cu94_intact_21 15.89 0.12 40.42 0.29 0.19 16.75 2.25 0.21 1.52 77.64 

Cu94_intact_22 20.06 0.19 47.38 0.67 0.36 14.66 2.24 0.14 4.30 90.00 

Cu94_intact_23 17.95 0.13 50.04 0.32 0.16 14.70 1.97 0.13 0.99 86.46 



Cu94_intact_24 20.29 0.22 45.05 0.45 0.22 16.29 2.43 0.13 1.46 86.57 

Cu94_intact_25 20.44 0.20 47.80 0.41 0.26 15.05 2.09 0.10 2.01 88.40 

Cu94_intact_26 18.59 0.15 47.18 0.41 0.18 16.96 2.47 0.15 1.21 87.33 

Cu94_intact_27 20.18 0.16 42.14 1.01 0.40 14.01 2.27 0.20 2.49 82.89 

Cu94_intact_28 19.89 0.19 45.99 0.50 0.35 15.80 1.98 0.25 2.26 87.30 

Cu94_intact_29 24.72 0.17 45.95 0.82 0.44 9.31 0.62 0.13 3.63 85.90 

Cu94_intact_30 19.90 0.17 48.21 0.40 0.24 16.29 2.30 0.23 1.08 88.84 

Cu94_intact_31 19.81 0.17 44.54 0.39 0.27 16.93 2.59 0.18 0.87 85.82 

Cu94_transition_1 21.38 0.05 47.13 0.21 0.16 5.97 0.41 1.76 0.88 78.06 

Cu94_transition_2 23.67 0.07 40.25 0.15 0.36 6.13 0.46 2.08 0.94 74.24 

Cu94_transition_3 17.96 0.11 59.33 0.34 0.41 4.46 0.25 0.52 5.21 88.65 

Cu94_transition_4 19.84 0.08 39.57 0.17 0.38 7.65 0.89 1.74 1.77 72.18 

Cu94_transition_5 25.39 0.13 46.05 0.31 0.44 6.35 0.36 0.43 9.37 88.93 

Cu94_transition_6 21.78 0.06 47.13 0.08 0.31 8.82 0.50 0.91 0.66 80.40 

Cu94_transition_7 24.50 0.08 47.35 0.36 0.56 8.40 0.67 0.66 2.00 84.62 

Cu94_transition_8 16.46 0.11 46.30 0.86 0.81 5.88 0.52 0.89 12.73 84.65 

Cu94_transition_9 22.53 0.10 48.06 0.22 0.64 11.68 0.96 0.89 1.33 86.47 

Cu94_transition_10 23.09 0.14 46.43 0.23 0.84 12.50 1.04 1.10 1.97 87.34 

Cu94_transition_11 23.37 0.14 47.82 0.21 0.58 12.53 1.13 1.20 1.43 88.48 

Cu94_transition_12 23.27 0.12 47.42 0.18 0.70 12.39 1.01 1.08 1.23 87.51 

Cu94_transition_13 24.67 0.14 49.86 0.22 0.56 13.19 1.16 1.12 0.85 91.86 

Cu94_transition_14 22.52 0.19 44.46 0.24 0.78 13.38 1.29 1.11 1.06 85.08 

Cu94_transition_15 21.85 0.15 47.70 0.31 0.75 13.23 1.54 0.78 1.12 87.49 

Cu94_transition_16 22.53 0.17 44.63 0.23 0.89 12.60 2.09 1.22 1.82 86.21 

Cu94_transition_17 20.43 0.07 41.26 0.10 0.76 10.31 0.66 1.57 1.11 76.29 

Cu94_transition_18 18.93 0.09 43.69 0.12 0.48 7.44 0.43 1.97 1.04 74.26 

Cu94_transition_19 20.53 0.14 48.77 0.36 0.78 14.07 1.40 0.49 1.14 87.71 

Cu94_transition_20 21.60 0.14 49.24 0.28 0.54 13.44 1.41 0.47 1.19 88.42 

Cu94_transition_21 20.71 0.18 48.37 0.24 0.71 13.51 1.60 0.30 1.22 86.94 

Cu94_transition_22 20.44 0.16 46.13 0.27 1.45 11.41 1.22 0.43 1.11 82.91 

Cu94_corroded_1 2.78 0.06 66.15 0.06 0.11 0.73 1.15 2.39 0.68 74.23 

Cu94_corroded_2 2.68 0.04 70.91 0.01 0.02 0.63 0.10 0.95 0.50 75.85 

Cu94_corroded_3 2.45 0.03 83.27 0.03 0.05 0.57 0.08 0.40 0.57 87.52 

Cu94_corroded_4 5.32 0.05 68.10 0.01 0.12 0.70 0.13 1.18 0.44 76.08 

Cu94_corroded_5 7.85 0.10 63.47 0.18 0.16 1.65 0.21 1.78 1.65 77.13 

Cu94_corroded_6 5.72 0.09 65.34 0.05 0.07 1.07 0.28 1.69 1.30 75.73 

Cu94_corroded_7 7.39 0.05 66.64 0.07 0.00 0.64 0.07 1.22 0.80 77.01 

Cu94_corroded_8 2.09 0.00 76.65 0.03 0.03 0.31 0.06 1.84 0.58 81.59 

Cu94_corroded_9 2.28 0.03 68.20 0.03 0.06 0.60 0.29 2.15 1.20 74.94 

Cu94_corroded_10 3.29 0.04 71.16 0.18 0.04 1.04 0.11 1.69 0.77 78.32 

Cu94_corroded_11 1.50 0.01 73.38 0.10 0.07 0.21 0.04 2.19 1.11 78.60 

Cu94_corroded_12 4.35 0.02 62.63 0.03 0.02 0.22 0.03 2.43 0.81 70.62 



Cu94_corroded_13 6.39 0.09 64.36 0.29 0.04 1.05 0.27 1.87 5.98 80.37 

Cu94_corroded_14 1.84 0.02 68.97 0.02 0.08 0.31 0.04 2.79 0.24 74.32 

Cu94_corroded_15 1.82 0.00 60.09 0.04 0.00 0.24 0.01 2.63 0.44 65.27 

Cu94_corroded_16 1.72 0.00 67.09 0.04 0.02 0.34 0.04 1.48 0.47 71.20 

Cu94_corroded_17 2.59 0.02 57.45 0.03 0.06 0.30 0.05 1.27 0.58 62.42 

Cu94_corroded_18 5.64 0.05 67.48 0.03 0.01 0.55 0.03 1.27 0.74 75.81 

Cu94_corroded_19 4.04 0.04 57.76 5.39 0.23 0.65 0.05 1.11 3.39 72.70 

Cu94_corroded_20 2.08 0.05 56.46 0.07 0.03 0.44 0.25 0.69 0.71 60.89 

Cu94_corroded_21 1.62 0.04 64.34 0.07 0.04 0.44 0.03 1.21 0.57 68.38 

Cu94_corroded_22 5.94 0.05 55.49 0.02 0.00 0.48 0.05 0.91 0.81 63.77 

Cu94_corroded_23 2.90 0.03 65.29 0.05 0.07 0.69 0.07 1.44 1.87 72.48 

Cu94_corroded_24 3.35 0.09 67.10 0.04 0.16 0.72 0.09 0.70 2.36 74.59 

Cu94_corroded_25 2.46 0.00 70.11 0.02 0.00 0.73 0.11 1.23 1.30 75.95 

Cugrain_large_1_core_1 0.68 0.06 9.09 0.10 72.15 0.73 0.49 0.27 0.07 83.72 

Cugrain_large_1_core_2 0.68 0.06 8.05 0.13 76.41 0.47 0.58 0.35 0.08 86.83 

Cugrain_large_1_core_3 0.30 0.00 3.79 0.02 84.40 0.14 0.46 0.26 0.00 89.38 

Cugrain_large_1_core_4 1.53 0.00 12.36 0.16 86.96 0.92 0.52 0.27 0.02 102.83 

Cugrain_large_1_core_5 0.16 0.01 2.70 0.06 85.68 0.25 0.38 0.06 0.00 89.43 

Cugrain_large_1_core_6 0.32 0.03 3.07 0.05 85.52 0.35 0.40 0.23 0.00 89.98 

Cugrain_large_1_core_7 0.23 0.01 1.67 0.05 83.84 0.33 0.42 0.14 0.13 86.84 

Cugrain_large_1_core_8 0.90 0.21 4.29 0.10 76.86 0.42 0.37 0.09 0.00 83.42 

Cugrain_large_1_core_9 0.31 0.06 3.59 0.00 84.06 0.24 0.33 0.08 0.00 88.76 

Cugrain_large_1_core_10 0.30 0.06 3.42 0.07 85.19 0.13 0.44 0.15 0.00 89.79 

Cugrain_large_1_core_11 0.30 0.07 4.18 0.06 84.34 0.10 0.39 0.23 0.00 89.83 

Cugrain_large_1_core_12 0.38 0.10 3.95 0.05 88.55 0.09 0.48 0.18 0.07 94.03 

Cugrain_large_1_inner_rim_1 3.96 0.09 22.78 0.12 41.55 1.20 0.30 0.20 0.06 70.26 

Cugrain_large_1_inner_rim_2 3.45 0.07 22.36 0.08 48.01 1.10 0.31 0.11 0.06 75.58 

Cugrain_large_1_inner_rim_3 3.64 0.11 22.63 0.13 42.89 1.19 0.30 0.18 0.03 71.16 

Cugrain_large_1_inner_rim_4 2.97 0.00 19.04 0.08 50.22 1.02 0.44 0.15 0.03 73.95 

Cugrain_large_1_inner_rim_5 3.64 0.05 22.72 0.11 43.81 1.10 0.31 0.14 0.02 71.97 

Cugrain_large_1_inner_rim_6 3.25 0.13 19.46 0.13 52.91 0.90 0.28 0.18 0.01 77.38 

Cugrain_large_1_inner_rim_7 3.56 0.12 23.40 0.11 42.68 1.08 0.32 0.25 0.01 71.54 

Cugrain_large_1_inner_rim_8 3.30 0.08 22.52 0.17 44.54 0.93 0.25 0.24 0.07 72.18 

Cugrain_large_1_inner_rim_9 3.45 0.10 22.21 0.11 39.11 0.82 0.31 0.15 0.00 66.34 

Cugrain_large_1_inner_rim_10 3.62 0.08 20.50 0.10 40.05 1.12 0.28 0.27 0.01 66.06 

Cugrain_large_1_inner_rim_11 2.79 0.03 18.95 0.12 56.31 1.04 0.37 0.22 0.00 79.84 

Cugrain_large_1_inner_rim_12 4.26 0.19 23.31 0.09 44.03 1.58 0.53 0.18 0.09 74.43 

Cugrain_large_1_inner_rim_13 3.42 0.11 16.88 0.06 53.32 0.97 0.26 0.19 0.00 75.25 

Cugrain_large_1_inner_rim_14 3.82 0.18 22.24 0.09 46.84 1.08 0.29 0.18 0.05 74.89 

Cugrain_large_1_inner_rim_15 3.96 0.14 21.87 0.10 44.57 1.01 0.37 0.17 0.00 72.31 

Cugrain_large_1_inner_rim_16 3.38 0.11 20.09 0.08 46.19 0.95 0.42 0.23 0.02 71.57 

Cugrain_large_1_outer_rim_1 1.84 0.12 11.10 0.03 67.52 0.46 0.29 0.36 0.05 81.84 



Cugrain_large_1_outer_rim_2 1.91 0.13 11.96 0.13 68.24 0.58 0.40 0.27 0.06 83.83 

Cugrain_large_1_outer_rim_3 4.29 0.14 16.11 0.12 51.78 0.98 0.52 0.25 0.30 74.58 

Cugrain_large_1_outer_rim_4 2.91 0.18 12.45 0.04 63.96 0.92 0.29 0.30 0.12 81.34 

Cugrain_large_1_outer_rim_5 2.14 0.24 12.46 0.17 66.21 0.70 0.70 0.27 0.10 83.00 

Cugrain_large_1_outer_rim_6 1.98 0.10 11.72 0.19 69.58 0.59 0.35 0.39 0.03 84.99 

Cugrain_large_1_outer_rim_7 1.89 0.09 11.55 0.14 70.91 0.53 0.35 0.35 0.07 85.88 

Cugrain_large_1_outer_rim_8 1.65 0.15 8.84 0.09 75.79 0.47 0.37 0.34 0.02 87.88 

Cugrain_large_1_outer_rim_9 1.86 0.06 10.55 0.11 71.21 0.59 0.53 0.30 0.00 85.30 

Cugrain_large_1_outer_rim_10 1.75 0.02 10.77 0.08 70.27 0.74 0.41 0.35 0.09 84.69 

Cugrain_large_1_outer_rim_11 1.70 0.04 10.92 0.08 71.66 0.84 0.30 0.25 0.11 86.08 

Cugrain_large_1_outer_rim_12 2.18 0.06 12.19 0.15 70.03 0.97 0.30 0.24 0.11 86.38 

Cugrain_large_1_outer_rim_13 2.50 0.23 11.97 0.15 69.72 0.92 0.33 0.37 0.23 86.49 

Cugrain_large_1_outer_rim_14 2.33 0.12 11.43 0.14 69.07 1.10 0.49 0.41 0.36 85.64 

Cugrain_large_2_core_1 4.48 0.16 30.25 0.28 45.33 2.33 1.30 1.08 0.08 85.38 

Cugrain_large_2_core_2 3.37 0.13 23.66 0.13 49.11 2.36 0.87 0.68 0.00 80.39 

Cugrain_large_2_core_3 3.77 0.25 22.90 0.11 55.66 2.08 0.49 1.10 0.07 86.44 

Cugrain_large_2_core_4 1.39 0.07 26.98 0.31 39.91 2.26 0.57 0.56 0.29 72.38 

Cugrain_large_2_core_5 5.04 0.23 30.76 0.22 41.42 2.21 0.48 1.11 0.05 81.57 

Cugrain_large_2_core_6 4.53 0.20 30.90 0.24 46.55 2.35 0.48 1.05 0.13 86.49 

Cugrain_large_2_core_7 3.26 0.13 22.79 0.15 50.80 2.20 0.49 0.91 0.04 80.78 

Cugrain_large_2_core_8 2.02 0.12 11.74 0.28 75.57 0.99 0.46 0.09 0.34 91.84 

Cugrain_large_2_core_9 3.62 0.18 11.52 0.17 57.56 1.72 0.48 0.56 0.10 75.94 

Cugrain_large_2_core_10 2.56 0.14 30.48 0.38 48.18 1.92 1.18 0.73 0.07 85.82 

Cugrain_large_2_core_11 3.36 0.26 23.52 0.18 56.71 1.98 0.80 0.94 0.05 87.81 

Cugrain_large_2_core_12 4.71 0.34 29.04 0.25 45.13 2.33 1.05 1.09 0.01 84.07 

Cugrain_large_2_core_13 4.89 0.38 29.92 0.35 48.53 1.97 1.28 1.11 0.07 88.57 

Cugrain_large_2_core_14 4.93 0.33 23.52 0.25 52.02 1.79 1.22 1.05 0.03 85.21 

Cugrain_large_2_core_15 4.68 0.34 27.70 0.26 53.02 1.97 1.01 0.80 0.00 89.88 

Cugrain_large_2_core_16 5.14 0.54 19.77 0.16 52.21 1.68 0.93 0.77 0.10 81.32 

Cugrain_large_2_core_17 5.22 0.53 19.77 0.19 53.36 1.93 1.06 0.95 0.09 83.13 

Cugrain_large_2_rim_1 1.93 0.10 8.85 0.21 81.56 0.58 0.45 0.12 0.24 94.06 

Cugrain_large_2_rim_2 1.55 0.10 8.09 0.16 82.98 0.54 0.36 0.06 0.28 94.18 

Cugrain_large_2_rim_3 2.44 0.16 11.41 0.28 77.11 0.82 0.38 0.14 0.34 93.13 

Cugrain_large_2_rim_4 2.13 0.16 11.85 0.17 78.52 0.99 0.40 0.14 0.38 94.83 

Cugrain_large_2_rim_5 2.11 0.15 12.46 0.13 76.71 1.15 0.52 0.30 0.42 93.97 

Cugrain_large_2_rim_6 2.34 0.23 14.24 0.22 73.96 1.55 0.83 0.26 0.46 94.09 

Cugrain_large_2_rim_7 2.25 0.16 15.35 0.15 71.13 1.84 1.18 0.27 0.69 93.12 

Cugrain_large_2_rim_8 2.41 0.13 13.01 0.23 76.22 1.32 0.64 0.21 0.34 94.67 

Cugrain_large_2_rim_9 2.37 0.18 10.93 0.23 77.58 0.97 0.46 0.12 0.27 93.15 

Cugrain_large_2_rim_10 3.80 0.26 15.32 0.43 70.75 0.97 0.77 0.09 0.48 93.20 

Cugrain_large_2_rim_11 3.08 0.22 11.54 0.29 74.65 0.88 0.44 0.27 0.35 91.73 

Cugrain_large_2_rim_12 2.43 0.17 12.64 0.25 77.29 0.97 0.78 0.20 0.30 95.06 



Cugrain_large_2_rim_13 2.33 0.22 11.82 0.15 78.00 0.91 0.56 0.16 0.20 94.44 

Cugrain_large_2_rim_14 2.61 0.26 10.87 0.35 77.60 0.88 0.57 0.14 0.25 93.62 

Cugrain_large_2_rim_15 2.32 0.19 11.43 0.28 76.43 0.96 0.73 0.15 0.50 93.07 

Cugrain_small_1_1 1.03 0.08 11.11 0.07 54.36 0.77 0.68 0.30 0.03 68.60 

Cugrain_small_1_2 0.89 0.07 8.25 0.04 63.52 0.26 0.61 0.30 0.00 74.02 

Cugrain_small_1_3 1.16 0.08 6.13 0.07 65.30 0.67 0.46 0.17 0.14 74.36 

Cugrain_small_1_4 1.42 0.07 7.79 0.08 54.01 0.37 0.63 0.35 0.05 64.84 

Cugrain_small_1_5 1.09 0.03 10.04 0.07 58.73 0.51 0.53 0.20 0.08 71.35 

Cugrain_small_1_6 1.64 0.04 11.85 0.10 59.59 0.31 1.04 0.22 0.01 74.94 

Cugrain_small_1_7 2.94 0.06 7.47 0.05 48.79 1.29 0.97 0.18 0.02 61.93 

Cugrain_small_1_8 1.58 0.16 11.03 0.15 65.26 1.13 0.79 0.37 0.08 80.67 

Cugrain_small_1_9 2.71 0.28 10.60 0.10 53.86 1.09 0.64 0.29 0.03 69.70 

Cugrain_small_1_10 2.01 0.04 9.92 0.11 63.02 0.65 0.47 0.23 0.02 76.53 

Cugrain_small_1_11 1.82 0.14 11.19 0.05 57.43 1.35 0.71 0.07 0.10 72.99 

Cugrain_small_1_12 1.51 0.10 11.79 0.12 58.65 1.25 0.58 0.37 0.16 74.73 

Cugrain_small_1_13 1.79 0.27 8.98 0.12 61.06 1.03 0.64 0.38 0.09 74.50 

Cugrain_small_1_14 1.81 0.08 9.07 0.10 63.78 1.11 0.60 0.34 0.21 77.17 

Cugrain_small_2_1 3.04 0.10 23.61 0.27 58.64 2.47 1.23 0.70 0.15 90.31 

Cugrain_small_2_2 6.42 0.14 13.97 0.04 39.71 2.31 1.02 0.63 0.02 64.36 

Cugrain_small_2_3 3.33 0.02 31.66 0.23 45.16 2.76 0.86 0.55 0.00 84.67 

Cugrain_small_2_4 4.01 0.05 30.54 0.24 38.57 2.92 1.21 0.29 0.07 77.98 

Cugrain_small_2_5 4.52 0.08 33.41 0.39 40.37 3.27 1.15 0.26 0.07 83.73 

Cugrain_small_2_6 5.64 0.00 36.40 0.50 37.79 4.07 1.20 0.34 1.85 87.82 

Cugrain_small_2_7 5.83 0.12 25.95 0.25 39.14 2.62 1.25 0.28 0.03 75.60 

Cugrain_small_2_8 2.46 0.02 22.07 0.07 43.34 2.90 0.66 0.23 0.09 71.90 

Cugrain_small_2_9 2.77 0.02 23.39 0.32 58.94 2.24 1.24 0.25 0.15 89.38 

Cugrain_small_2_10 3.84 0.02 13.47 0.14 36.55 2.35 1.36 0.24 0.24 58.37 

Cugrain_small_2_11 4.43 0.06 38.58 0.44 38.16 2.92 1.51 0.26 0.13 86.49 

Cugrain_small_3_1 3.02 0.02 16.60 0.37 69.00 1.71 0.69 0.09 0.34 91.92 

Cugrain_small_3_2 3.35 0.07 14.73 0.32 70.27 1.81 0.81 0.32 0.42 92.21 

Cugrain_small_3_3 3.13 0.01 13.12 0.38 44.82 2.15 12.59 0.19 0.23 76.62 

Cugrain_small_3_4 2.03 0.01 11.56 0.15 78.41 1.51 0.72 0.16 0.27 94.98 

Cugrain_small_3_5 4.93 0.03 20.49 0.47 57.69 2.56 1.22 0.40 0.86 88.76 

Cugrain_small_3_6 3.24 0.03 17.86 0.41 64.23 1.60 0.61 0.25 0.71 89.09 

Cugrain_small_3_7 3.07 0.05 16.38 0.37 67.62 1.45 0.61 0.23 0.64 90.66 

Cugrain_small_3_8 2.96 0.00 21.89 0.35 58.34 2.84 0.87 0.64 0.62 88.65 

Cugrain_small_3_9 3.42 0.08 16.77 0.20 64.57 2.30 0.80 0.24 0.59 89.03 

Cugrain_small_3_10 2.76 0.00 13.85 0.23 61.64 2.05 1.19 0.25 0.52 82.64 

Cugrain_small_3_11 3.48 0.06 13.14 0.22 57.47 2.21 0.63 0.21 0.76 78.36 

Cugrain_small_3_12 4.51 0.08 23.21 0.56 53.61 1.99 0.99 0.30 0.64 85.99 

 

  



Table S3: Evolution of the saturation indices (SI) of relevant mineral phases with time.  

Sample 
ID 

Time 
[d] 

SiO2(am) K-Alum alunite jurbanite AlOHSO4 gypsum bassanite anhydrite cuprite chrysocolla 

Ref 

0.007 0.20 -4.62 -6.28 -1.36 -1.63 -1.25 -2.07 -1.47 -10.97 -11.94 

0.042 0.87 -3.30 -4.05 -0.65 -0.92 -0.94 -1.77 -1.16 -11.23 -11.40 

0.167 1.34 -2.23 -2.55 -0.19 -0.46 -0.63 -1.46 -0.85 -11.52 -11.07 

0.333 1.50 -1.81 -1.98 -0.02 -0.28 -0.45 -1.27 -0.67 -11.65 -10.98 

0.667 1.60 -1.44 -1.42 0.14 -0.11 -0.32 -1.14 -0.53 -11.76 -10.93 

1 1.62 -1.26 -1.18 0.21 -0.03 -0.26 -1.08 -0.47 -11.81 -10.95 

2 1.60 -1.00 -0.86 0.30 0.06 -0.14 -0.96 -0.36 -11.90 -11.00 

4 1.57 -0.76 -0.62 0.36 0.13 -0.05 -0.87 -0.26 -11.99 -11.08 

7 1.53 -0.57 -0.36 0.44 0.21 0.04 -0.78 -0.17 -12.05 -11.16 

14 1.47 -0.33 0.06 0.55 0.33 0.14 -0.68 -0.08 -12.10 -11.24 

21 1.41 -0.19 0.24 0.61 0.39 0.19 -0.63 -0.02 -12.16 -11.33 

28 1.39 -0.22 0.19 0.59 0.37 0.19 -0.63 -0.02 -12.15 -11.35 

35 1.33 -0.26 -0.26 0.51 0.30 0.19 -0.62 -0.02 -12.28 -11.48 

Cu9 

0.007 0.29 -4.40 -5.96 -1.25 -1.52 -1.23 -2.06 -1.45 -6.96 -9.84 

0.042 0.95 -3.17 -3.89 -0.59 -0.86 -0.84 -1.67 -1.06 -5.87 -8.64 

0.167 1.39 -2.12 -2.44 -0.16 -0.42 -0.56 -1.38 -0.78 -4.79 -7.66 

0.333 1.53 -1.71 -1.87 0.01 -0.25 -0.41 -1.24 -0.63 -4.46 -7.36 

0.667 1.62 -1.34 -1.36 0.16 -0.09 -0.27 -1.10 -0.49 -4.25 -7.17 

1 1.63 -1.16 -1.12 0.22 -0.02 -0.21 -1.03 -0.43 -4.17 -7.12 

2 1.62 -0.90 -0.83 0.30 0.06 -0.08 -0.90 -0.30 -4.12 -7.10 

4 1.58 -0.64 -0.51 0.39 0.16 -0.02 -0.84 -0.24 -4.08 -7.12 

7 1.54 -0.46 -0.21 0.47 0.25 0.09 -0.73 -0.13 -4.02 -7.13 

14 1.47 -0.24 0.09 0.56 0.34 0.20 -0.62 -0.01 -4.00 -7.19 

21 1.42 -0.10 0.42 0.65 0.43 0.20 -0.61 -0.01 -3.99 -7.24 

28 1.40 -0.22 0.02 0.53 0.32 0.24 -0.58 0.03 -3.95 -7.24 

35 1.28 -0.21 -0.02 0.52 0.31 0.24 -0.58 0.02 -3.95 -7.36 

Cu94 

0.007 0.23 -4.14 -6.13 -1.36 -11.48 -0.92 -1.74 -1.13 -6.68 -9.76 

0.042 1.00 -2.80 -3.67 -0.57 -0.84 -0.84 -1.66 -1.06 -5.34 -8.33 

0.167 1.42 -1.97 -2.33 -0.15 -0.41 -0.51 -1.34 -0.73 -4.46 -7.47 

0.333 1.55 -1.62 -1.81 0.02 -0.24 -0.33 -1.15 -0.54 -4.08 -7.15 

0.667 1.62 -1.28 -1.35 0.15 -0.09 -0.24 -1.06 -0.45 -3.83 -6.96 

1 1.63 -1.10 -1.11 0.22 -0.02 -0.16 -0.98 -0.38 -3.73 -6.90 

2 1.61 -0.85 -0.83 0.30 0.07 -0.08 -0.90 -0.30 -3.54 -6.82 

4 1.57 -0.59 -0.47 0.40 0.18 0.02 -0.80 -0.20 -3.38 -6.78 

7 1.53 -0.40 -0.17 0.48 0.26 0.11 -0.71 -0.10 -3.24 -6.75 

14 1.48 -0.18 -0.16 0.48 0.27 0.21 -0.61 0.00 -3.02 -6.70 

21 1.42 -0.19 0.10 0.56 0.35 0.23 -0.58 0.02 -2.93 -6.71 

28 1.39 -0.08 0.00 0.53 0.32 0.24 -0.58 0.03 -2.86 -6.71 

 


