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Figure A.1: Cross section includes borehole AP2 and sample locations 

 
Table A.1: Depth of samples in drill hole AP2, Areachap 

 
Sample No. Depth (m) Sample No. Depth (m) Sample No. Depth (m)

 
AP2/1 62.2 AP2/9 92.5 AP2/18 112.4 

 
AP2/2 71.2 AP2/14 92.6 AP2/16 113.2 

 
AP2/3 74.4 AP2/12 97.8 AP2/15 118.0 

 
AP2/4 81.2 AP2/10 105.7 AP2/22 120.1 

 
AP2/5 82.5 AP2/11 106.3 AP2/24 122.1 

 
AP2/6 87.1 AP2/21 107.5 AP2/23 124.1 

 
AP2/7 91.1 AP2/20 108.7 AP2/25 141.1 

 
AP2/13 91.1 AP2/19 111.7 AP2/26 153.7 

 
AP2/8 92.2 AP2/17 112.2 AP2/27 165.0 

 
 
 
 
 
 
 
 
 
 
 
 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  GGhhaavvaammii--RRiiaabbii,,  RR    ((22000077))  



 211

             
Figure A.2: Cross section includes borehole AP5 and sample locations. 

 
 

Table A.2: Depth of samples in drill hole AP5, Areachap 
 
Sample No. Depth (m) Sample No. Depth (m) Sample No. Depth (m) Sample No. Depth (m) 

 
AP5/2 29.7 AP5/11 177.9 AP5/25 298.5 AP5/34 335.7 

 
AP5/3 33.5 AP5/14 188.1 AP5/27 306.1 AP5/33 336.8 

 
AP5/4 46.2 AP5/15 196.6 AP5/26 311.5 AP5/40 338.0 

 
AP5/5 60.8 AP5/16 206.9 AP5/29 317.4 AP5/39 339.0 

 
AP5/1 79.2 AP5/17 219.3 AP5/28 318.8 AP5/41 341.4 

 
AP5/6 84.8 AP5/18 228.0 AP5/30 318.9 AP5/42 343.7 

 
AP5/7 108.6 AP5/19 243.2 AP5/31 322.7 AP5/43 344.7 

 
AP5/8 120.8 AP5/20 253.4 AP5/32 326.8 AP5/44 349.0 

 
AP5/9 145.8 AP5/21 269.9 AP5/38 327.4 AP5/45 354.8 

 
AP5/10 154.6 AP5/23 277.6 AP5/37 328.4 AP5/46 360.1 

 
AP5/12 176.2 AP5/24 281.4 AP5/36 331.3 

 
AP5/13 176.5 AP5/22 282.7 AP5/35 334.2  
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Figure A.3: Cross section includes borehole KN12 and sample locations. 

 
 

Table A.3: Depth of samples in drill hole KN12, Kantienpan 
 

Sample No. Depth (m) Sample No. Depth (m) Sample No. Depth (m) Sample No. Depth (m)
 

KN12/1 175.68 KN12/11 233.67 KN12/22 278.5 KN12/33 291.29 
 

KN12/2 179.78 KN12/12 239.8 KN12/19 278.7 KN12/32 292 
 

KN12/3 188.27 KN12/14 250.62 KN12/23 279.41 KN12/34 292.65 
 

KN12/4 190.12 KN12/13 253.95 KN12/24 280.28 KN12/35 293.03 
 

KN12/5 194.67 KN12/15 255.82 KN12/25 280.74 KN12/36 293.8 
 

KN12/6 203.23 KN12/16 262.1 KN12/26 281.8 KN12/37 295.1 
 

KN12/7 209.93 KN12/17 266.8 KN12/28 283.32 KN12/38 297.2 
 

KN12/8 216.76 KN12/18 274.8 KN12/29 285.32 KN12/39 299.1 
 

KN12/9 221.15 KN12/20 276.5 KN12/30 287.25 
 

KN12/10 228.83 KN12/21 277.97 KN12/31 290.8  
 
Note: KN12/27: missing sample 
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Table A. 4: Lithological description of borehole KN12 (Rossouw, 2003) 
 

Depth (m) 
 

Lithological description of borehole KN12 
0.00-6.00 
 

Calcrete 

 
6.00-89.40 
 

Light grey-beige, weathered to 17.80 m, medium-grained, and granular to weakly banded quartzo-feldspathic 
gneiss with intercalated bands of feldspathic amphibolite  

89.40-219.60 
 

Dark-grey, fine-grained and weakly foliated feldspathic amphibolite  

219.60-222.40 
 

Light grey-beige, very weathered, medium-grained, granular to weakly banded quartzo-feldspathic gneiss 

222.40-255.23 
 

Dark-grey, fine-grained and weakly foliated feldspathic amphibolite 

 
225.23-267.52 
 

Pale-grey, strongly banded feldspar-quartz-amphibole gneiss with a quartzo-feldspathic gneiss maker and a 
garnetiferous layer at the bottom 

267.52-274.73 
 

Pegmatite 

274.73-278.24 
 

Dark-grey, fine-grained and weakly foliated feldspathic amphibolite 

278.24-278.34 
 

Chert 

 
 
278.34-282.04 
 
 

Massive sulphides (80%) and wall-rock clasts (20%- gneiss and quartz). Bronze coloured and medium- to 
coarse-grained. Sulphides: pyrrhotite (±30%), sphalerite (±7%), pyrite (±60%) and chalcopyrite (±3%). Two 
barren zones of gneiss with disseminated pyrite (3%) start at 280.12 and 280.62 m with varying thickness of 7 
and 19 cm respectively. Thin chert topping (10 cm). 

 
282.04-290.82 
 

Grey, fine-grained, weakly banded feldspathic amphibolite. Spotty alteration and weakly defined foliation and 
a gradational bottom contact with massive sulphide 

 
290.82-292.70 
 

Massive sulphides (30%) and wall-rock clasts (80%- chlorite and quartz). Bronze coloured and medium- to 
coarse-grained. Sulphides: pyrrhotite (±20%), sphalerite (±2%), pyrite (±80%) and chalcopyrite (±1%) 

 
292.70-300.07 
 

Grey, polymict medium- to coarse-grained, moderately banded quartzo-feldspathic gneiss. Few fractured and a 
gradational bottom contact with pegmatite 

300.07-307.15 
 

Pegmatite 

307.15 
 

End of Hole 
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Table A. 5: Lithological description of borehole KN7 (Rossouw, 2003) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Depth (m) 

 
Lithological description of borehole KN7 

0.00-5.89 
 

Calcrete 

5.89-12.91 
 

Pegmatite 

12.91-39.50 
 
 

Light grey-beige, weathered to a depth of 25.26m, medium-grained, and granular to weakly banded 
quartzofeldspathic gneiss with intercalated bands of feldspathic amphibolite  

39.50-54.70 
 

Dark-grey, slightly weathered fine-grained feldspathic amphibolite  

54.70-83.82 
 

Dark-grey, medium-grained feldspar-quartz-amphibole gneiss  

83.82-98.89 
 
 

Pale-grey, strongly banded feldspar-quartz-amphibole gneiss. Weakly defined foliation with ± 2% pyrrhotite 
and pyrite  

98.89-104.52 
 

Quartzofeldspathic gneiss maker with a garnetiferous layer 

104.52-105.86 
 
 

Dark-grey, fine-grained and weakly foliated feldspathic amphibolite with a 1m mineralised brecciated zone at 
the top  

105.86-105.96 
 

Chert 

105.96-111.35 
 
 

Massive sulphides (70%) and wall-rock clasts (30% - chlorite, epidote and quartz). Sulphides: Pyrrhotite 
(±60%), sphalerite (±10%), pyrite (±30%) and chalcopyrite (±2%)  

111.35-112.96 
 
 

Grey, fine-grained, weakly banded feldspathic amphibolite. Spotty alteration, garnetiferous and weakly defined 
foliation with disseminated sulphides (±3% pyrite)  

112.96-113.55 
 
 

Massive sulphides (70%) and wall-rock clasts (30% - chlorite, epidote and quartz). Sulphides: Pyrrhotite 
(±60%), sphalerite (±10%), pyrite (±30%) and chalcopyrite (±2%)  

113.55-116.54 
 
 
 

Stinger sulphides in medium-grained garnet-cordierite-feldspathic amphibolite. Spotty alteration, moderately 
banded and weakly defined foliation with disseminated sulphides (±5% pyrite). A carbon shale layer occurs 
between 114.82-116.54m with ±10% disseminated sulphides (pyrite) 

116.54-126.64 
 

Grey, polymict medium- to coarse-grained, moderately banded quartzofeldspathic gneiss  

126.64-140.00 
 

Dark-grey, fine-grained, weakly banded biotite with some intercalated thin metaquartzites and a garnet marker 

140.00 
 

End of Hole 
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Table A. 6: Lithological description of borehole KN3 (Rossouw, 2003) 
 

Depth (m) 
 

Lithological description of borehole KN3 
0.00-4.67 

 
Core loss 

4.67-5.47 
 

Calcrete 

5.47-49.70 
 
 

Light-grey, moderately banded medium-grained quartzofeldspathic gneiss. Weathered to a depth of 
41.80m 

49.70-57.77 
 

Dark-grey, fine-grained, weakly banded feldspathic amphibolite with a pink pegmatite vein  

57.77-76.15 
 

Light-grey, moderately banded coarse-grained quartzofeldspathic gneiss  

76.15-120.45 
 
 

Dark-green, fine-grained, weakly banded biotite amphibolite with intercalated bands of gneiss, a 
sugary metaquartzite vein and pegmatite veins  

120.45-163.35 
 

Grey, coarse-grained, moderately banded quartzofeldspathic gneiss  

163.35-169.01 
 

Dark-grey, medium-grained feldspathic amphibolite  

169.01-189.91 
 
 

Stringer sulphides in a medium-grained feldspathic amphibolite. Spotty alteration and moderately 
banded. Gradational bottom contact with massive sulphides 

189.91-190.75 
 
 
 

Massive sulphides (±70%) and wall-rock clasts (30% - chlorite, epidote and quartz). Sulphides: 
Pyrrhotite 60%, pyrite 40%, sphalerite 1% and chalcopyrite 1% (pyrite crystals in a matrix of 
pyrrhotite)  

190.75-192.27 
 

Light-green and fine-grained amphibolite. Sharp bottom contact with massive sulphides 

192.27-204.60 
 
 
 
 

Massive sulphides (80%) and wall-rock clasts (20% - chlorite, epidote and quartz). Bronze coloured 
and unweathered. Blebs of chalcopyrite are more frequent at the bottom 2m of the zone. Sulphides: 
Pyrrhotite (±50%), sphalerite (±15%), pyrite (±30%) and chalcopyrite (±3%). Sphalerite matrix to 
pyrrhotite and pebbly and coarse blebby pyrite replaces both  

204.60-206.15 
 

Chert 

206.15-219.85 
 
 

Dark-grey, fine-grained and weakly foliated feldspathic amphibolite. Gradational bottom contact with 
gneiss 

219.85-230.60 
 

Grey medium-grained quartzofeldspathic gneiss maker with garnetiferous layer (220-226m)  

230.60-236.38 
 

Pale-grey, strongly banded feldspar-quartz-amphibole gneiss. Weakly defined foliation 

236.38-285.44 
 

Dark-grey, medium-grained feldspar-quartz-amphibole gneiss  

285.44-302.80 
 

Dark-grey, slightly weathered fine-grained feldspathic amphibolite. A weakly defined foliation 

302.80 
 

End of Hole 
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Table A. 7: Lithological description of borehole KN2 (Rossouw, 2003) 
 
Depth (m) 

 
Lithological description of borehole KN2 

0.00-5.50 
 Core loss 
5.50-6.00 
 

Calcrete 

6.00-18.65 
 
 

Light-grey, moderately banded, weathered, medium- to coarse-grained quartzofeldspathic gneiss. 
Moderately defined foliation with a gradational bottom contact with the pegmatite 

18.65-21.22 
 

Pegmatite 

21.22-78.98 
 
 
 

Pale-grey, moderately banded, medium- to coarse-grained quartzofeldspathic gneiss. Weathered to a 
depth of 39.83m Moderately defined foliation with pink pegmatite veins. Few fractures and a 
gradational bottom contact with pegmatite 

78.98-83.33 
 

Pegmatite 

83.33-86.56 
 
 
 

Pale-grey, moderately banded, medium-grained quartzofeldspathic gneiss. Weakly defined foliation 
with disseminated sulphides (<1%). Few fractures and a gradational bottom contact with amphibolite 

86.56-88.42 
 

Dark grey and fine grained. A sharp bottom contact with grey gneiss 

88.42-146.09 
 
 

Pale-grey, moderately banded, medium-grained quartzofeldspathic gneiss. Weakly defined foliation 
with pink pegmatite veins with a gradational bottom contact with pink pegmatite 

146.09-148.12 
 

Pegmatite 

148.12-223.60 
 
 

Dark-grey, fine-grained, moderately banded feldspathic amphibolite. Pink pegmatite veins with a 
gradational bottom contact with gneiss 

223.60-234.03 
 
 

Pale-grey, moderately banded, medium-grained quartzofeldspathic gneiss. Weakly defined foliation 
with a pink pegmatite vein 

234.03 
 

End of Hole 
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Figure A.4: Cross section of KN11 and location of samples. 

 
 

Table A.8: Depth of samples in drill hole KN11, Areachap 
Sample No. Depth (m) Sample No. Depth (m) Sample No. Depth (m) Sample No. Depth (m) 

 
KN11/2 22.1 KN11/14 101.3 KN11/26 172.2 KN11/38 210.7 

 
KN11/1 24.2 KN11/15 108.3 KN11/27 175.8 KN11/39 212.2 

 
KN11/3 27.2 KN11/16 112.5 KN11/28 182.4 KN11/40 216.2 

 
KN11/4 42.0 KN11/17 120.1 KN11/29 188.3 KN11/41 217.7 

 
KN11/6 42.8 KN11/18 126.1 KN11/30 195.4 KN11/42 217.8 

 
KN11/5 48.9 KN11/19 130.2 KN11/31 196.8 KN11/43 218.2 

 
KN11/7 60.5 KN11/20 136.8 KN11/32 198.8 KN11/45 224.1 

 
KN11/8 68.4 KN11/21 142.7 KN11/33 205.0 KN11/44 226.7 

 
KN11/9 72.0 KN11/22 149.6 KN11/34 206.6 KN11/47 229.3 

 
KN11/10 78.1 KN11/23 154.4 KN11/35 207.0 KN11/46 231.2 

 
KN11/11 84.7 KN11/24 159.6 KN11/36 208.3 KN11/48 237.7 

 
KN11/12 90.0 KN11/25 165.7 KN11/37 209.2 KN11/49 239.3 

 
KN11/13 97.7  
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Table A. 9: Lithological description of borehole KN11 (Rossouw, 2003) 
 
Depth (m) 

 
Lithological description of borehole KN11 

0.00-6.00 
 

Calcrete 

6.00-33.70 
 
 

Light grey-beige, weathered to 33.70m, medium-grained, and granular to weakly banded 
quartzofeldspathic gneiss with pegmatite veins. Weakly defined foliation with a 25º angle to the 
core axis. Feldspar  

33.70-51.14 
 
 

Dark-grey, fine-grained feldspathic amphibolite. Disseminated sulphide of pyrite and pyrrhotite 
(±2%). A few fractures occur with a gradational bottom contact with the gneiss 

51.14-65.26 
 
 

Grey and medium grained quartzofeldspathic gneiss. Weakly defined foliation with a few fractures 
and a gradational bottom contact with amphibolite 

65.26-72.17 
 
 

Dark-grey, fine-grained feldspathic amphibolite. Garnetiferous and ±3% disseminated sulphide of 
pyrite and pyrrhotite at the bottom ±1.5m of this section 

72.17-95.58 
 
 

Light grey-beige, very weathered, medium-grained, granular to weakly banded quartzofeldspathic 
gneiss 

95.58-129.56 
 

Dark-grey, fine-grained feldspathic amphibolite 

129.56-153.00 
 
 
 

Light grey-beige, very weathered, medium-grained, granular to weakly banded quartzofeldspathic 
gneiss with intercalated bands of feldspathic amphibolite. Few fractures with a sharp bottom contact 
with the amphibolite 

153.00-163.17 
 

Dark-grey, weakly foliated fine-grained feldspathic amphibolite  

163.17-188.35 
 
 

Pale-grey, medium-grained strongly banded feldspar-quartz-amphibole gneiss. Disseminated 
sulphide of pyrite (±2%) 

188.35-193.05 
 

Quartzofeldspathic gneiss maker with garnetiferous layer (192.00-193.05m) 

193.05-204.07 
 

Dark-grey, fine-grained and weakly foliated feldspathic amphibolite  

204.07-206.70 
 
 

Massive sulphides (80%) and wall-rock clasts (20% - chlorite and quartz). Bronze coloured. 
Sulphides: Pyrrhotite (±55%), sphalerite (±7%), pyrite (±35%) and chalcopyrite (±3%). Thin chert 
topping (10cm) 
 

206.70-211.02 
 
 
 

Stinger sulphides in medium-grained garnet-cordierite-feldspathic amphibolite. Spotty alteration 
and moderately banded with disseminated sulphides of pyrite (±10%). A 14cm carbon shale layer 
occurs at 207.28m 

211.02-239.52 
 
 

Grey, polymict medium- to coarse-grained, moderately banded quartzofeldspathic gneiss. Weakly 
defined foliation with occasional garnet porhpyroblasts and ±1% disseminated sulphide of pyrite  

239.52 
 

End of Hole 
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Figure A.5: Geology map of the Kantienpan area (after Rossouw, 2003) and locations of rock samples 

(TDEM: Time domain electro-magnetic conductor). 
 
Extra Figures 
 

 
Note 4: Kantienpan (Boks); 19: Boksput (Kant); 68: south of Upington (BeUp) and 82/: north of Upington (UpUp). 

Figure A.6: Box plot of final results of regional data set (Figure 5.18). 
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Appendix B 
 
 
 
 

Microprobe Analyses 
 
 
 
 

Microprobe analyses here were done by using a energy dispersion spectrometer (EDS), or 

a wavelength dispersion spectrometer (WDS). EDS was used as a qualitative method for 

fast determination of mineral composition, whereas WDS was used for quantitative 

mineral analyses.  
 
A CAMECA EPMA- SX 100 was used to analyse minerals such as biotite, feldspars, 

chlorite, pyroxenes, amphiboles, cordierite (pinite), and garnets. The analytical results for 

selected samples from boreholes KN11 and KN12 from the Kantienpan and AP2 and 

AP5 from the Areachap deposit are summarized in tables B.1 to B.7. 
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Table B.1: Chemical composition of feldspar grains adjacent to the ore zone (Areachap and Kantienpan) 

 
 Sample No. SiO2 Al2O3 MgO FeO MnO CaO K2O Na2O F Cl Total TiO2 ZnO Cr2O3 NiO

 
Areachap 

 
FW AP5_22A_P2_Plag 62.58 22.50 0.00 0.02 0.00 3.83 0.05 9.05 0.00 0.00 98.11 0.00 0.00 0.00 0.01

 
FW AP5_22A_P2_alt_Plag 63.42 22.58 0.22 0.48 0.00 0.75 2.10 8.91 0.01 0.02 98.53 0.00 0.00 0.00 0.00

 
HW AP5_44_P4_alt_Plag 69.23 19.41 0.00 0.03 0.00 0.10 0.06 11.20 0.03 0.00 100.07 0.00 0.00 0.01 0.00

 
HW AP5_44_P3_UN 64.79 18.24 0.00 0.13 0.02 0.00 15.57 0.19 0.00 0.00 98.96 0.00 0.00 0.00 0.00

 
Kantienpan 

 
HW KN11_20_P2_Plag 62.73 23.49 0.07 0.00 0.01 4.88 0.44 8.34 0.06 0.00 100.04 0.02 0.00 0.01 0.00

 
HW KN11_27B_P1_Plag 59.29 25.33 0.06 0.00 0.00 7.13 0.17 7.42 0.00 0.00 99.50 0.03 0.00 0.01 0.00

 
HW KN11_27B_P3_Plag 60.38 25.10 0.08 0.00 0.00 6.83 0.24 7.39 0.00 0.01 100.07 0.01 0.00 0.00 0.00

 
HW KN11_28_P2_Plag 63.20 22.27 0.00 0.02 0.01 3.88 0.49 8.80 0.02 0.01 98.78 0.02 0.00 0.01 0.00

 
HW* KN11_32_P2_Plag 54.15 29.12 0.00 0.17 0.01 10.96 0.12 4.84 0.01 0.00 99.44 0.02 0.00 0.00 0.00

 
HW* KN11_33_2_P5_Plag 57.82 26.45 0.03 0.31 0.02 8.17 0.05 6.62 0.00 0.00 99.53 0.00 0.00 0.00 0.00

 
FW KN11_40_P6_Plag 48.81 32.35 0.20 0.00 0.02 15.72 0.08 2.46 0.04 0.01 99.76 0.02 0.00 0.02 0.00

 
FW KN11_44_P1_Plag 58.15 26.50 0.00 0.07 0.00 8.36 0.13 6.54 -0.02 0.01 99.82 0.02 0.01 0.00 0.00

       
  Note: HW*: Amphibolite, HW: Gneiss and HW:  hangingwall 
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Table B.2: Chemical composition of pyroxene grains near the ore zone (Areachap and Kantienpan) 

 Sample No. SiO2 Al2O3 MgO FeO MnO CaO K2O Na2O F Cl Total TiO2 ZnO Cr2O3 NiO
 

Areachap 
 
FW AP5_38A_P2_OPX 53.65 1.16 16.95 22.51 1.01 1.24 0.01 0.10 0.07 0.00 96.82 0.04 0.07 0.00 0.00

 
Kantienpan 

 
HW KN11_20_P4_Opx 50.06 1.16 12.82 33.26 1.63 0.22 0.00 0.02 0.00 0.00 99.37 0.11 0.07 0.00 0.01
 
HW KN11_27B_P3_Opx 51.17 4.04 21.78 19.62 2.65 0.15 0.00 0.02 0.00 0.00 99.68 0.15 0.07 0.00 0.01
 
HW KN11_27B_P4_Opx 52.11 2.90 22.21 19.17 2.66 0.16 0.00 0.02 0.09 0.00 99.56 0.09 0.13 0.02 0.00
 
HW* KN11_32_P2_Cpx 53.34 1.40 13.91 8.11 0.71 20.97 0.01 0.31 0.07 0.01 99.02 0.14 0.00 0.00 0.00
 
Ore KN12_35A_P2_mica 55.69 2.82 24.10 13.73 1.34 0.15 0.44 0.23 0.42 0.00 99.21 0.01 0.28 0.00 0.00
 
Stringer KN11_38_P2_opx 48.92 4.77 16.29 26.87 1.78 0.19 0.00 0.01 0.03 0.00 98.97 0.02 0.07 0.02 0.01
 
FW KN11_39_P3_opx 50.51 3.89 19.32 25.10 0.78 0.11 0.00 0.02 0.00 0.00 99.82 0.03 0.05 0.00 0.00
 
FW KN11_40_P1_Opx 49.53 3.96 16.07 28.62 1.13 0.20 0.01 0.00 0.00 0.00 99.83 0.03 0.24 0.00 0.00
 
FW KN11_40_P4_Chl? 52.60 3.94 16.77 20.80 1.52 0.23 0.05 0.30 0.28 0.01 96.58 0.01 0.07 0.00 0.00
 
FW KN11_40_P5_Opx 49.74 3.47 27.93 16.64 1.12 0.20 0.00 0.02 0.03 0.00 99.40 0.03 0.20 0.01 0.00
 
FW KN11_40_P6_Opx 49.34 4.16 27.91 16.42 1.10 0.22 0.00 0.03 0.03 0.00 99.48 0.02 0.22 0.00 0.00
 
FW KN11_44_P3_Opx 51.45 3.41 20.79 22.10 1.57 0.20 0.01 0.01 0.03 0.00 99.70 0.04 0.08 0.00 0.00

        

     Note: HW*: Amphibolite, HW: Gneiss and HW:  hangingwall 
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Table B.3: Chemical composition of cordierite grains close to the ore zone (Areachap and Kantienpan) 

 Sample No. SiO2 Al2O3 MgO FeO MnO CaO K2O Na2O F Cl Total TiO2 ZnO Cr2O3 NiO
 

Areachap 
 

FW AP5_23_Cord 48.92 32.71 8.64 7.34 0.34 0.00 0.01 0.19 0.02 0.00 98.21 0.00 0.01 0.00 0.00
 

FW AP5_25_P5_(Bio-Cord,alt) 40.17 32.80 5.24 9.81 0.10 0.14 0.78 0.10 0.10 0.02 89.30 0.00 0.02 0.01 0.00
 

FW AP5_29A_P3_Bio 42.45 31.27 4.76 6.94 0.13 0.15 1.61 0.09 0.10 0.00 87.55 0.02 0.02 0.00 0.00
 

FW AP5_32_P1_Cord 49.32 32.98 9.93 5.09 0.42 0.01 0.00 0.18 0.00 0.01 98.00 0.02 0.01 0.00 0.00
 

FW AP5_32_P1_alt Cord? 38.93 29.65 5.20 12.70 0.20 0.13 2.54 0.06 0.10 0.01 89.55 0.01 0.02 0.00 0.00
 

FW AP5_23_P6_Sill 36.98 61.63 0.05 0.53 0.01 0.00 0.01 0.01 0.13 0.00 99.36 0.00 0.00 0.00 0.00
 

Kantienpan 
 

HW KN11_27B_P5_Cord 49.69 33.15 10.57 4.01 0.57 0.02 0.07 0.13 0.00 0.00 98.26 0.00 0.00 0.00 0.00
 

HW* KN11_33_2_P4_Cord 50.09 33.41 11.06 3.56 0.54 0.01 0.00 0.19 0.01 0.01 98.99 0.00 0.09 0.00 0.00
 

Ore KN11_34B_P3_Cord 50.05 33.48 11.60 2.44 0.73 0.01 0.00 0.10 0.09 0.01 98.59 0.00 0.05 0.01 0.00

Stringer KN11_38_P4_cord 49.23 33.07 9.25 6.68 0.33 0.02 0.01 0.08 0.01 0.00 98.71 0.00 0.02 0.01 
0.00

 
 

FW KN11_39_P4_Cord 49.91 33.41 10.36 4.84 0.28 0.03 0.00 0.11 0.00 0.00 98.98 0.01 0.00 0.00 0.00
 

FW KN11_40_P3_cord 49.56 33.07 9.26 6.64 0.28 0.00 0.01 0.11 0.00 0.01 99.00 0.00 0.04 0.01 0.00
 

FW KN11_41_P3_Cord 48.62 32.62 8.39 7.64 0.31 0.01 0.00 0.37 0.03 0.00 98.06 0.02 0.00 0.02 0.00
 

FW KN11_42_P3_Cor 49.07 32.89 8.57 7.07 0.44 0.01 0.01 0.17 0.00 0.00 98.31 0.00 0.06 0.00 0.00
 

FW KN11_43_P2_Cord 49.35 33.06 9.32 6.13 0.42 0.05 0.00 0.19 0.00 0.00 98.59 0.01 0.04 0.00 0.00
   

Note: HW*: Amphibolite, HW: Gneiss and HW:  hangingwall 
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Table B.4: Chemical composition of garnet grains adjacent to the ore zone (Areachap) 

 
 Sample No. SiO2 Al2O3 MgO FeO MnO CaO K2O Na2O F Cl Total TiO2 ZnO Cr2O3 NiO
 
 AP5_20_P2_Garn 37.68 20.86 3.96 24.66 12.52 0.25 0.00 0.01 0.00 0.01 100.00 0.02 0.00 0.00 0.00
 

FW AP5_22A_P3_Gar 37.26 20.44 2.67 33.08 5.41 0.87 0.00 0.03 0.05 0.00 99.85 0.02 0.00 0.00 0.00
 

FW AP5_23_P1_Gar? 35.36 23.48 3.30 30.88 6.21 0.78 0.01 0.01 0.00 0.01 100.23 0.01 0.12 0.00 0.00
 

FW AP5_23_P4_Gar 37.09 23.55 3.26 30.04 5.90 0.72 0.00 0.01 0.02 0.00 100.69 0.00 0.02 0.01 0.00
 

FW AP5_25_P1_Gar 37.23 20.87 2.63 35.85 2.43 0.52 0.00 0.02 0.00 0.00 99.62 0.00 0.00 0.02 0.00
 

FW AP5_28_B_P4_Garn 37.78 20.91 3.28 36.58 0.90 0.60 0.00 0.03 0.00 0.00 100.15 0.02 0.01 0.00 0.00
 

FW* AP5_38A_P7_Garn 37.62 21.30 4.40 34.56 1.38 0.56 0.00 0.02 0.00 0.01 99.84 0.01 0.00 0.01 0.00
 

HW AP5_42_P1_Gar 37.00 19.89 1.14 24.20 13.24 3.52 0.00 0.04 0.00 0.00 99.11 0.02 0.00 0.01 0.00
 

HW AP5_43_P3_Garn 37.21 19.99 1.27 24.99 11.60 4.32 0.00 0.03 0.01 0.00 99.49 0.02 0.02 0.01 0.00
          

       FW*: Unaltered footwall, FW: Altered footwall 

 

Table B.5: Chemical composition of biotite grains near the ore zone (Areachap and Kantienpan) 

 Sample No. SiO2 Al2O3 MgO FeO MnO CaO K2O Na2O F Cl Total TiO2 ZnO Cr2O3 NiO
 

Areachap 
 

FW AP5_23_P3_Bio 36.19 18.09 12.29 16.74 0.10 0.00 7.87 0.63 0.55 0.02 93.94 1.46 0.00 0.00 0.00
 

FW AP5_22A_P3_Bio 36.32 18.42 11.07 18.27 0.06 0.00 8.07 0.41 0.51 0.00 94.73 1.56 0.02 0.00 0.00
 

FW AP5_30B_P2_bio 38.32 17.94 15.34 12.42 0.13 0.01 8.21 0.42 0.74 0.02 95.10 1.48 0.06 0.00 0.02
 

FW AP5_32_P4_Bio 37.33 18.53 15.57 13.46 0.21 0.00 7.04 0.44 0.53 0.01 93.55 0.39 0.04 0.00 0.00
 

FW* AP5_35_P8_Bio 35.23 15.45 6.12 25.00 0.83 0.01 8.76 0.13 0.12 0.05 94.21 2.40 0.09 0.00 0.00
 

Kantienpan 
 

HW KN11_20_P5_Bio 35.07 14.93 21.90 9.07 0.14 0.05 8.49 0.05 0.24 0.01 94.18 4.20 0.02 0.00 0.00
 

HW KN11_27B_P2_Bio 37.97 16.85 11.56 15.68 0.35 0.00 9.56 0.05 1.00 0.02 95.85 2.79 0.02 0.00 0.00
 

HW KN11_28_P4_Bio 35.79 17.48 14.88 12.74 0.49 0.00 8.51 0.09 0.27 0.10 93.12 2.76 0.00 0.00 0.00
 

FW KN11_38_P3_bio 36.86 17.86 14.40 13.78 0.15 0.00 8.82 0.15 1.45 0.02 94.63 1.17 0.00 0.01 0.00
 

FW KN11_39_P2_Bi 38.12 16.41 10.39 18.39 0.09 0.00 8.45 0.25 2.00 0.01 94.40 0.25 0.03 0.00 0.01
 

FW KN11_41_P2_Bio 36.94 19.10 15.49 12.96 0.12 0.01 8.47 0.31 0.92 0.05 95.44 1.02 0.04 0.00 0.01
 

FW KN11_43_P2_Bio 36.76 18.68 14.67 13.34 0.20 0.02 7.95 0.31 1.11 0.06 94.19 1.06 0.04 0.00 0.00
 

FW KN11_44_P1_Bio 37.83 15.93 11.32 17.10 0.21 0.00 8.84 0.14 1.27 0.03 95.15 2.43 0.04 0.00 0.00
            
        FW: Altered footwall and FW*: Unaltered footwall 
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Table B.6: Chemical composition of gahnite (spinel group) grains close the ore zone (Kantienpan) 

 
 Sample No. SiO2 Al2O3 FeO MgO MnO CaO K2O Na2O F Cl Total TiO2 ZnO Cr2O3 NiO
 

Ore Zone KN11_34B_P5_Spin 0.03 59.02 5.39 6.26 0.46 0.00 0.00 0.66 0.00 0.01 101.27 0.00 29.39 0.01 0.00
 

FW KN11_42_P1_Spin 0.21 56.12 13.71 2.30 0.23 0.00 0.01 0.63 0.06 0.00 99.73 0.01 26.43 0.01 0.00
 

FW KN11_43_P4_Spin 0.23 56.31 12.04 2.47 0.23 0.00 0.00 0.69 0.00 0.00 100.71 0.01 28.69 0.01 0.00
 

Ore Zone KN12_32_P2_Gah 0.42 56.39 9.50 4.28 0.22 0.00 0.00 0.63 0.02 0.00 99.42 0.00 27.94 0.01 0.00
 

Ore Zone KN12_35A_P3_SP 0.01 59.94 16.60 8.56 0.39 0.00 0.01 0.31 0.00 0.01 99.97 0.02 14.10 0.00 0.00
      

    FW: Altered footwall 
 

Table B.7: Chemical composition of chlorite grains near the ore zone (Areachap and Kantienpan) 

 
 Sample No. SiO2 Al2O3 MgO FeO MnO CaO K2O Na2O F Cl Total TiO2 ZnO Cr2O3 NiO

 
Areachap 

 
HW AP5_40_P3_Bio 29.07 16.90 12.57 27.94 0.42 0.04 0.89 0.05 0.13 0.02 88.48 0.39 0.04 0.00 0.01

 
HW AP5_42_P3_Bio 27.00 17.01 6.68 34.06 0.88 0.14 1.04 0.04 0.00 0.00 87.72 0.79 0.07 0.00 0.00

 
HW AP5_44_P2_Chl 26.21 18.46 9.48 33.31 0.68 0.02 0.02 0.01 0.05 0.00 88.31 0.04 0.01 0.00 0.00

 
HW AP5_45_P4_Bio 26.55 18.23 12.41 28.71 1.05 0.09 0.08 0.01 0.05 0.00 87.45 0.17 0.06 0.00 0.00

 
Kantienpan 

 
Ore KN11_36_P2_alt(chl or pin) 30.22 12.57 38.05 4.94 0.76 0.13 0.08 0.02 0.00 0.01 86.82 0.00 0.02 0.00 0.02

 
FW KN11_41_P4_Amp 25.43 23.09 16.71 21.01 0.31 0.01 0.02 0.01 0.12 0.01 86.81 0.03 0.03 0.01 0.01

 
FW: Altered footwall and HW: Hangingwall 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  GGhhaavvaammii--RRiiaabbii,,  RR    ((22000077))  



 226

The calculated mineral formulae from the analyses of plagioclase, pyroxene, cordierite 

and garnet grains are given in Table B.8 to B. 11. 
 

Table B.8: Chemical composition and unit formulae of plagioclase grains close to the ore zone (Areachap 

and Kantienpan). 

 Plagioclase Analyses 

Sample No. 
 

AP5_22A 
[P2_Plag 

(FW)] 

AP5_22A 
[P2_alt_Plag 

(FW)] 

AP5_44 
[P4_alt_Plag

(HW)] 

KN11_27B
[P1_Plag 

(HW)] 

KN11_27B
[P3_Plag 

(HW)] 

KN11_28
[P2_Plag 

(HW)] 

KN11_32
[P2_Plag 
(HW*)] 

KN11_33 
[2_P5_Plag 
(Ore Zone)] 

KN11_40
[P6_Plag 

(FW)] 

KN11_44
[P1-Plag 

(FW)] 
Mineral Oligoclase Albite Albite Andesine Andesine Oligoclase Labradorite Andesine Bytownite Andesine

 
SiO2 62.58 63.42 69.23 59.29 60.38 63.20 54.15 57.82 48.81 58.15 

 
Al2O3 22.50 22.58 19.41 25.33 25.10 22.27 29.12 26.45 32.35 26.50 

 
FeO 0.02 0.48 0.03 0.00 0.00 0.02 0.17 0.31 0.00 0.07 

 
TiO2 0.00 0.00 0.00 0.03 0.01 0.02 0.02 0.00 0.02 0.02 

 
MgO 0.00 0.22 0.00 0.06 0.08 0.00 0.00 0.03 0.20 0.00 

 
CaO 3.83 0.75 0.10 7.13 6.83 3.88 10.96 8.17 15.72 8.36 

 
Na2O 9.05 8.91 11.20 7.42 7.39 8.80 4.84 6.62 2.46 6.54 

 
K2O 0.05 2.10 0.06 0.17 0.24 0.49 0.12 0.05 0.08 0.13 

 
MnO 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.02 0.02 0.00 

 
FeO 0.00 0.01 0.03 0.00 0.00 0.02 0.01 0.00 0.04 0.00 

 
Total 98.11 98.53 100.07 99.50 100.07 98.78 99.44 99.53 99.76 99.82 

 Based on 32(O) 
 

Si 11.26 11.38 12.06 10.63 10.74 11.31 9.82 10.40 8.96 10.42 
 

Al 4.77 4.78 3.98 5.35 5.26 4.70 6.22 5.61 6.99 5.60 
 

Fe+2 0.00 0.07 0.00 0.00 0.00 0.00 0.03 0.05 0.00 0.01 
 

Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
 

Mg 0.00 0.06 0.00 0.02 0.02 0.00 0.00 0.01 0.05 0.00 
 

Ca 0.74 0.14 0.02 1.37 1.30 0.74 2.13 1.57 3.09 1.60 
 

Na 3.16 3.10 3.78 2.58 2.55 3.05 1.70 2.31 0.88 2.27 
 

K 0.01 0.48 0.01 0.04 0.05 0.11 0.03 0.01 0.02 0.03 
 

Ca+Na+K 3.91 3.73 3.81 3.99 3.90 3.91 3.86 3.89 3.98 3.91 
 

Ab 80.81 83.22 99.16 64.68 65.27 78.11 44.10 59.28 21.97 58.16 
 

An 18.90 3.87 0.49 34.35 33.34 19.03 55.18 40.43 77.56 41.08 
 

Or 0.29 12.91 0.35 0.98 1.39 2.86 0.72 0.29 0.47 0.76 
 

Note: HW*: amphibolite, HW: gneiss, HW: hangingwall, FW: footwall, Plag: plagioclase, and AP5_22A [P2_Plag (FW)] means borehole 
AP5_ sample No. 22A_[analysis point No_ in plagioclase (from the footwall zone)]. 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  GGhhaavvaammii--RRiiaabbii,,  RR    ((22000077))  



 227

Table B.9: Chemical composition and unit formulae of pyroxene grains close to the ore zone (Areachap and Kantienpan). 

 Pyroxene Analyses  
Sample No. 

 
 

AP5_38A 
[P2_OPX 

 (FW)] 

KN11_20 
[P4_Opx  
(HW)] 

KN11_27B 
[P3_Opx  
(HW)] 

KN11_27B
[P4_Opx 
 (HW)] 

KN11_32
[P2_Cpx
 (Ore)] 

KN12_35A
[P2_mica 

 (Ore)] 

KN11_38
[P2_opx 

(Stringer)]

KN11_39
[P3_opx 
(FW)] 

KN11_40
[P1_Opx 

(FW)] 

KN11_40 
[P4_Chl? 

 (FW)] 

KN11_40
[P5_Opx 

(FW)] 

KN11_40
[P6_Opx 

(FW)] 

KN11_44
[P3_Opx
 (FW)] 

Mineral 
 
 

Clino- 
Enstatite 

Clino- 
Ferrosilite 

Clino- 
Enstatite 

Clino- 
Enstatite 

Augite 
 

Clino- 
Enstatite 

Clino- 
Enstatite

Clino- 
Enstatite

Pigeonite
 

Clinoenstaite- 
Ferrosilite 

Clino- 
Enstatite

Clino- 
Enstatite

Clino- 
Enstatite

 
SiO2 53.65 50.06 51.17 52.11 53.34 55.69 48.92 50.51 49.53 52.60 49.74 49.34 51.45 

 
Al2O3 1.16 1.16 4.04 2.90 1.40 2.82 4.77 3.89 3.96 3.94 3.47 4.16 3.41 

 
TiO2 0.04 0.11 0.15 0.09 0.14 0.01 0.02 0.03 0.03 0.01 0.03 0.02 0.04 

 
FeO 22.51 33.26 19.62 19.17 8.11 13.73 26.87 25.10 28.62 20.80 16.64 16.42 22.10 

 
MgO 16.95 12.82 21.78 22.21 13.91 24.10 16.29 19.32 16.07 16.77 27.93 27.91 20.79 

 
MnO 1.01 1.63 2.65 2.66 0.71 1.34 1.78 0.78 1.13 1.52 1.12 1.10 1.57 

 
CaO 1.24 0.22 0.15 0.16 20.97 0.15 0.19 0.11 0.20 0.23 0.20 0.22 0.20 

 
Na2O 0.10 0.02 0.02 0.02 0.31 0.23 0.01 0.02 0.00 0.30 0.02 0.03 0.01 

 
K2O 0.01 0.00 0.00 0.00 0.01 0.44 0.00 0.00 0.01 0.05 0.00 0.00 0.01 

 
Cr2O3 0.00 0.00 0.00 0.02 0.00 0.00 0.02 0.00 0.00 0.00 0.01 0.00 0.00 

 
NiO 0.00 0.01 0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 

 
F 0.07 0.00 0.00 0.09 0.07 0.42 0.03 0.00 0.00 0.28 0.03 0.03 0.03 
 

Total 96.82 99.37 99.68 99.56 99.02 99.21 98.97 99.82 99.83 96.58 99.40 99.48 99.70 
 

Note: Mg*=100Mg/(Mg+Fe+Mn), Opx: ortho-pyroxene, chl: Chlorite, FW: footwall, HW: hangingwall and AP5_38A [P2_OPX (FW)] means borehole AP5_ 
sample No. 38A_[analysis point No_ in orthopyroxene( from the footwall zone)]. 
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Table B.9: Continued 

 Pyroxene Analyses  
Sample No. 

 
 

AP5_38A 
[P2_OPX 

 (FW)] 

KN11_20 
[P4_Opx  
(HW)] 

KN11_27B 
[P3_Opx  
(HW)] 

KN11_27B
[P4_Opx 
 (HW)] 

KN11_32
[P2_Cpx
 (Ore)] 

KN12_35A
[P2_mica 

 (Ore)] 

KN11_38
[P2_opx 

(Stringer)]

KN11_39
[P3_opx 
(FW)] 

KN11_40
[P1_Opx 

(FW)] 

KN11_40 
[P4_Chl? 

 (FW)] 

KN11_40
[P5_Opx 

(FW)] 

KN11_40
[P6_Opx 

(FW)] 

KN11_44
[P3_Opx
 (FW)] 

Mineral 
 
 

Clino- 
Enstatite 

Clino- 
Ferrosilite 

Clino- 
Enstatite 

Clino- 
Enstatite 

Augite 
 

Clino- 
Enstatite 

Clino- 
Enstatite

Clino- 
Enstatite

Pigeonite
 

Clinoenstaite- 
Ferrosilite 

Clino- 
Enstatite

Clino- 
Enstatite

Clino- 
Enstatite

 Based on 6(O) 
 

Si 2.07 1.99 1.91 1.94 2.00 2.02 1.90 1.91 1.92 2.02 1.84 1.82 1.93 
 

Al 0.00 0.01 0.09 0.06 0.00 0.00 0.10 0.09 0.08 0.00 0.15 0.18 0.07 
 

Al 0.05 0.04 0.09 0.07 0.06 0.12 0.12 0.08 0.10 0.18 0.00 0.00 0.08 
 

Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
 

Fe+2 0.73 1.11 0.61 0.60 0.25 0.42 0.87 0.79 0.93 0.67 0.51 0.51 0.69 
 

Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
 

Mn 0.03 0.05 0.08 0.08 0.02 0.04 0.06 0.03 0.04 0.05 0.04 0.03 0.05 
 

Ni 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
 

Mg 0.97 0.76 1.21 1.23 0.78 1.30 0.94 1.09 0.93 0.96 1.54 1.54 1.16 
 

Ca 0.05 0.01 0.01 0.01 0.84 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01 
 

Na 0.01 0.00 0.00 0.00 0.02 0.02 0.00 0.00 0.00 0.02 0.00 0.00 0.00 
 

K 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
 
 Atomic Percentages 
 

Mg+Fe+Ca 1.75 1.87 1.83 1.84 1.87 1.72 1.82 1.89 1.86 1.64 2.06 2.05 1.86 
 

Mg 55.63 40.52 66.21 67.14 41.48 75.52 51.71 57.70 49.80 58.63 74.66 74.87 62.37 
 

Fe+2 41.45 58.98 33.46 32.51 13.57 24.14 47.85 42.06 49.76 40.80 24.96 24.71 37.20 
 

Ca 2.93 0.50 0.33 0.35 44.95 0.34 0.43 0.24 0.45 0.58 0.38 0.42 0.43 
 

Mg* 56.21 39.56 63.51 64.42 73.74 74.01 50.31 57.08 49.04 57.23 73.69 73.94 61.00 
 

Note: Mg*=100Mg/(Mg+Fe+Mn), Opx: ortho-pyroxene, chl: Chlorite, FW: footwall, HW: hangingwall and AP5_38A [P2_OPX (FW)] means borehole AP5_ 
sample No. 38A_[analysis point No_ in orthopyroxene( from the footwall zone)]. 
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Table B.10: Chemical composition and unit formulae of cordierite grains near the ore zone (Areachap and Kantienpan). 
 Cordierite Analyses 

Sample No. 
 

AP5_23 
[Cord 
 (FW)] 

AP5_25 
[P5_(Bio- alt 

Cord,)  
(FW)] 

AP5_29A 
[P3_Bio  
(FW)] 

AP5_32 
[P1_Cord 

 (FW)] 

AP5_32 
[P1_alt 
Cord? 
 (FW)] 

KN11_27
B 

[P5_Cord
 (HW)] 

KN11_33
_2 

[P4_Cord 
(HW*)] 

KN11_34
B 

[P3_Cord
 (Ore)] 

KN11_38
[P4_cord 
(Stringer)

] 

KN11_39 
[P4_Cord 

 (FW)] 

KN11_40 
[P3_cord 
 (FW)] 

KN11_41
[P3_Cord 

(FW)] 

KN11_42
[P3_Cord

 (FW)] 

KN11_43
[P2_Cord

 (FW)] 
Mineral Cordierite Cordierite Cordierite Cordierite Cordierite Cordierite Cordierite Cordierite Cordierite Cordierite Cordierite Cordierite Cordierite Cordierite

 
SiO2 48.92 40.17 42.45 49.32 38.93 49.69 50.09 50.05 49.23 49.91 49.56 48.62 49.07 49.35 

 
Al2O3 32.71 32.80 31.27 32.98 29.65 33.15 33.41 33.48 33.07 33.41 33.07 32.62 32.89 33.06 

 
TiO2 0.00 0.00 0.02 0.02 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.02 0.00 0.01 

 
FeO 7.34 9.81 6.94 5.09 12.70 4.01 3.56 2.44 6.68 4.84 6.64 7.64 7.07 6.13 

 
MgO 8.64 5.24 4.76 9.93 5.20 10.57 11.06 11.60 9.25 10.36 9.26 8.39 8.57 9.32 

 
MnO 0.34 0.10 0.13 0.42 0.20 0.57 0.54 0.73 0.33 0.28 0.28 0.31 0.44 0.42 

 
Na2O 0.19 0.10 0.09 0.18 0.06 0.13 0.19 0.10 0.08 0.11 0.11 0.37 0.17 0.19 

 
CaO 0.00 0.14 0.15 0.01 0.13 0.02 0.01 0.01 0.02 0.03 0.00 0.01 0.01 0.05 

 
K2O 0.01 0.78 1.61 0.00 2.54 0.07 0.00 0.00 0.01 0.00 0.01 0.00 0.01 0.00 

 
F 0.02 0.10 0.10 0.00 0.10 0.00 0.01 0.09 0.01 0.00 0.00 0.03 0.00 0.00 
 

Cl 0.00 0.02 0.00 0.01 0.01 0.00 0.01 0.01 0.00 0.00 0.01 0.00 0.00 0.00 
 

Total 98.21 89.30 87.55 98.00 89.55 98.26 98.99 98.59 98.71 98.98 99.00 98.06 98.31 98.59 
 Based on 18(O) 
 

Si 5.03 4.66 4.95 5.03 4.65 5.03 5.03 5.02 5.02 5.03 5.03 5.02 5.03 5.03 
 

Al 0.97 1.34 1.05 0.97 1.35 0.97 0.97 0.98 0.98 0.97 0.97 0.97 0.97 0.97 
 

Al 2.99 3.14 3.24 2.99 2.83 2.99 2.98 2.98 2.99 2.99 2.99 3.00 3.01 3.01 
 

Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
 

Fe+2 0.63 0.95 0.68 0.43 1.27 0.34 0.30 0.20 0.57 0.41 0.56 0.66 0.61 0.52 
 

Mg 1.32 0.91 0.83 1.51 0.93 1.60 1.65 1.74 1.40 1.55 1.40 1.29 1.31 1.41 
 

Mn 0.03 0.01 0.01 0.04 0.02 0.05 0.05 0.06 0.03 0.02 0.02 0.03 0.04 0.04 
 

Na 0.04 0.02 0.02 0.04 0.01 0.03 0.04 0.02 0.02 0.02 0.02 0.07 0.03 0.04 
 

Ca 0.00 0.02 0.02 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 
 

K 0.00 0.12 0.24 0.00 0.39 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
 

Mg# 67.72 48.77 55.01 77.67 42.19 82.45 84.70 89.44 71.17 79.23 71.31 66.19 68.36 73.05 
 

Note: HW*: amphibolite, HW: gneiss, HW: hangingwall, FW: footwall, Mg# = 100*Mg/(Mg+Fe), Bio: biotite, Cord: cordierite, alt: altered and AP5_25 [P5_(Bio- 
alt Cord,) (FW)] means borehole AP5_ sample No. 25_[analysis point No_ in biotite or altered cordierite (from the footwall zone)]. 

. 
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Table B.11: Chemical composition and unit formulae of garnet grains near the ore zone (Areachap). 

 Garnet Analyses 

Sample No. 
 

AP5_20 
[P2_Garn] 

 

AP5_22A 
[P3_Gar n 

(FW)] 

AP5_23 
[P1_Garn?

 (FW)] 

AP5_23 
[P4_Garn 

 (FW)] 

AP5_25 
[P1_Garn 

 (FW)] 

AP5_28_B
[P4_Garn 

(FW)] 

AP5_38A 
[P7_Garn 
 (FW*)] 

AP5_42 
[P1_Garn 
 (HW)] 

AP5_43 
[P3_Garn
 (HW)] 

 
Mineral Almandine  Almandine  Almandine Almandine Almandine Almandine Almandine Almandine Almandine

 
SiO2 37.68 37.26 35.36 37.09 37.23 37.78 37.62 37.00 37.21 

 
Al2O3 20.86 20.44 23.48 23.55 20.87 20.91 21.30 19.89 19.99 

 
Cr2O3 0.00 0.00 0.00 0.01 0.02 0.00 0.01 0.01 0.01 

 
FeO 24.66 33.08 30.88 30.04 35.85 36.58 34.56 24.20 24.99 

 
TiO2 0.02 0.02 0.01 0.00 0.00 0.02 0.01 0.02 0.02 

 
MgO 3.96 2.67 3.30 3.26 2.63 3.28 4.40 1.14 1.27 

 
MnO 12.52 5.41 6.21 5.90 2.43 0.90 1.38 13.24 11.60 

 
CaO 0.25 0.87 0.78 0.72 0.52 0.60 0.56 3.52 4.32 

 
K2O 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 

 
Na2O 0.01 0.03 0.01 0.01 0.02 0.03 0.02 0.04 0.03 

 
F 0.00 0.05 0.00 0.02 0.00 0.00 0.00 0.00 0.01 
 

Total 100.00 99.85 100.23 100.69 99.62 100.15 99.84 99.11 99.49 
 Based on 24(O) 
 

Si 6.04 6.05 5.69 5.87 6.04 6.07 6.01 6.08 6.07 
 

Al 3.94 3.91 0.31 0.13 3.99 3.96 4.01 3.85 3.85 
 

Al 0.00 0.00 4.15 4.26 0.00 0.00 0.00 0.00 0.00 
 

Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
 

Fe+2 3.31 4.49 4.16 3.98 4.86 4.91 4.62 3.32 3.41 
 

Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
 

Mg 0.95 0.65 0.79 0.77 0.64 0.79 1.05 0.28 0.31 
 

Mn 1.70 0.74 0.85 0.79 0.33 0.12 0.19 1.84 1.60 
 

Ca 0.04 0.15 0.13 0.12 0.09 0.10 0.10 0.62 0.76 
 Mol per cent end-members 
 

Mg+Fe+Mn+Ca 6.00 6.03 5.93 5.66 5.93 5.92 5.95 6.06 6.08 
 

Pyrope 15.78 10.71 13.35 13.59 10.74 13.26 17.62 4.60 5.08 
 

Almandine 55.14 74.45 70.10 70.27 82.10 82.94 77.63 54.81 56.11 
 

Spessartine 28.36 12.33 14.28 13.98 5.64 2.07 3.14 30.37 26.38 
 

Grossular 0.72 2.51 2.27 2.16 1.53 1.74 1.61 10.21 12.43 
 

Note: FW*: Unaltered footwall; FW: Altered footwall; Garn: garnet; Mol: molciular and AP5_22A [P3_Gar n (FW)] means borehole 
AP5_ sample No. 22A_[analysis point No_ in garnet (from the footwall zone)]. 
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Table B.12: Chemical composition and unit formulae of biotite grains near the ore zone (Areachap and Kantienpan) 

 Biotite Analyses 

Sample  
No. 

AP5_23 
[P3_Bio 
(FW)] 

AP5_22A 
[P3_Bio 
(FW)] 

AP5_30B 
[P2_Bio 
(FW)] 

AP5_32 
[P4_Bio 
(FW)] 

AP5_35
[P8_Bio
(FW*)]

KN11_20
[P5_Bio 
(HW)] 

KN11_27B
[P2_Bio 
(HW)] 

KN11_28
[P4_Bio 
(HW)] 

KN11_38 
[P3_Bio 

(Ore Zone)]

KN11_39 
[P2_Bio 
(FW)] 

KN11_41 
[P2_Bio 
(FW)] 

KN11_43
[P2_Bio 
(FW)] 

KN11_44
 [P1_Bio

(FW)] 

Mineral Biotite Biotite   Phlogopite Phlogopite Annite Phlogopite Biotite Phlogopite Phlogopite Biotite Phlogopite
 

Phlogopite Biotite 
 
SiO2 36.19 36.32 38.32 37.33 35.23 35.07 37.97 35.79 36.86 38.12 36.94 36.76 37.83 
 
TiO2 1.46 1.56 1.48 0.39 2.40 4.20 2.79 2.76 1.17 0.25 1.02 1.06 2.43 
 
Al2O3 18.09 18.42 17.94 18.53 15.45 14.93 16.85 17.48 17.86 16.41 19.10 18.68 15.93 
 
FeO 16.74 18.27 12.42 13.46 25.00 9.07 15.68 12.74 13.78 18.39 12.96 13.34 17.10 
 
MgO 12.29 11.07 15.34 15.57 6.12 21.90 11.56 14.88 14.40 10.39 15.49 14.67 11.32 
 
MnO 0.10 0.06 0.13 0.21 0.83 0.14 0.35 0.49 0.15 0.09 0.12 0.20 0.21 
 
CaO 0.00 0.00 0.01 0.00 0.01 0.05 0.00 0.00 0.00 0.00 0.01 0.02 0.00 
 
K2O 7.87 8.07 8.21 7.04 8.76 8.49 9.56 8.51 8.82 8.45 8.47 7.95 8.84 
 
Na2O 0.63 0.41 0.42 0.44 0.13 0.05 0.05 0.09 0.15 0.25 0.31 0.31 0.14 
 
F 0.55 0.51 0.74 0.53 0.12 0.24 1.00 0.27 1.45 2.00 0.92 1.11 1.27 
 
Total 93.94 94.73 95.10 93.55 94.21 94.18 95.85 93.12 94.63 94.40 95.44 94.19 95.15 
 Based on 22(O) 
 
Si 5.51 5.51 5.64 5.57 5.62 5.19 5.69 5.42 5.56 5.90 5.46 5.51 5.76 
 
Al 2.49 2.49 2.36 2.43 2.38 2.81 2.31 2.58 2.44 2.10 2.54 2.49 2.24 
 
Al 0.75 0.81 0.74 0.82 0.53 -0.21 0.67 0.53 0.73 0.89 0.78 0.81 0.61 
 
Ti 0.17 0.18 0.16 0.04 0.29 0.47 0.31 0.31 0.13 0.03 0.11 0.12 0.28 
 
Fe+2 2.13 2.32 1.53 1.68 3.34 1.12 1.97 1.61 1.74 2.38 1.60 1.67 2.18 
 
Mg 2.79 2.50 3.36 3.46 1.46 4.83 2.58 3.36 3.24 2.40 3.41 3.28 2.57 
 
Mn 0.01 0.01 0.02 0.03 0.11 0.02 0.04 0.06 0.02 0.01 0.02 0.03 0.03 
 
Ca 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
 
K 1.53 1.56 1.54 1.34 1.78 1.60 1.83 1.64 1.70 1.67 1.60 1.52 1.72 
 
Na 0.37 0.24 0.24 0.25 0.08 0.03 0.03 0.05 0.09 0.15 0.18 0.18 0.08 
 
Mg/Fe 1.31 1.08 2.2 2.06 0.44 4.3 1.31 2.08 1.86 1.01 2.13 1.96 1.18 

 
FW: Altered footwall, FW*: Unaltered footwall, HW: hanging wall and AP5_22A [P3_Bio (FW)] means borehole AP5_ sample No 22A_[analysis point No_ in 

biotite (from the footwall zone)]. 
 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  GGhhaavvaammii--RRiiaabbii,,  RR    ((22000077))  



 232

 
 
 
 
 

Appendix C 
 
 
 
 

Sample preparation and whole rock analysis 
 
 
 
 

C.1. Sample preparation for XRF Analysis 
 
The remainder of quarter-core samples after making thin sections was crushed in a jaw 

crusher before being milled in a carbon-steel mill. The samples were milled to a particle 

size of <63 micron. To minimize possible cross contamination, the mill was cleaned after 

every sample by milling clean quartz, washing the mill pots, and drying with acetone, 

followed by pre contaminating the mill with the sample to be milled.  
 

3 grams of each sample powder were weighed and dried at 100°C overnight before being 

roasted at 1000°C overnight to determine the absorbed (H2O-) and the percentage loss on 

ignition (H2O+), respectively. 

 

Major elements were determined on fused beads, prepared following the standard method 

used in the analytical laboratory of the Department of Geology, University of Pretoria, as 

adapted from Bennett and Oliver (1992). One gram of pre-roasted sample powder and 6 

grams of flux (Lithium tetra-borate) mixed in a Pt crucible is fused at 1050°C for 15 
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minutes in a muffle furnace with occasional swirling. The fused mixture is poured into a 

pre-heated Pt/Au mould and left to cool at room temperature in a desiccator. The bottom 

surface of the glass disk is analysed by x-ray fluorescence spectroscopy (XRF) using an 

ARL 9400XP+ wavelength dispersive XRF Spectrometer.  
 

Trace elements were determined on pressed powder briquettes prepared following the 

method of Watson (1996). Approximately 16-20ml of sample powder is mixed with less 

than 1 volume % of a liquid binder (Mowiol: polyvinyl alcohol). This mixture is loaded 

into aluminium cups to increase the stability and strength before being pressed at ± 7 

tons/in2.   
 

 

C.1.1. CALIBRATION 
The XRF Spectrometer was calibrated with certified reference materials. The 

NBSGSC fundamental parameter program was used for matrix correction of major 

elements as well as for Cl, Co, Cr, V, Sc and S. The Rh Compton peak ratio method 

was used for the other trace elements. 
 

 

C.3. XRF analytical precision and accuracy 
 
Standard deviations and detection limits are listed in Table C.1. 
 

 
C.4. Results of XRF analyses  
 
The results of XRF analysis are given below in Tables C.2 to C.6. The word “Fused” in 

the table refers to fused bead analysis and “Powder” to pressed powder briquette analysis. 

The first three columns in Table C.2 (LIT, GSN, and NIMN) are standard reference 

samples.  

The sulphide samples were analysed as pressed powder briquettes using the UNIQUANT 

software, a fundamental parameter based programme, calibrated with pure metals and 

oxides (Samples KN12/22 to KN12/25 and KN11/34 to KN11/37).  This software 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  GGhhaavvaammii--RRiiaabbii,,  RR    ((22000077))  



 234

analyses samples by specifying a sulphide matrix.  In this case S is analysed at a different 

peak position and Fe, Mn, Cu, Ni, Zn and Pb expressed as elements. 
 

Table C.1: Standard deviation and detection limit of XRF analysis 
 wt % Standard deviation (%) LOD 
SiO2 0.4 0.02 
TiO2 0.03 0.0032
Al2O3 0.3 0.01 
Fe2O3 0.3 0.0097
MnO 0.0065 0.0013
MgO 0.1 0.0118
CaO 0.07 0.01 
Na2O 0.11 0.0265
K2O 0.06 0.005 
P2O5 0.08 0.01 
 ppm Standard deviation (%) LOD 
Cl* 100 11 
Co 6 3 
Cr 40 15 
F* 500 400 
S* 300 40 
Sc 5 1 
V 10 1 
As* 10 3 
Cu 3 2 
Ga 2 2 
Mo 1 1 
Nb 3 2 
Ni 6 3 
Pb 3 3 
Rb 4 2 
Sr 4 3 
Th 2 3 
U 2 3 
W* 10 6 
Y 4 3 
Zn 4 4 
Zr 6 10 
Ba 14 5 
La 24 5 
Ce 14 6 

 
Values for elements indicated with an *should be considered semi-quantitative 
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Table C.2: XRF analytical results for samples from borehole AP5 (Areachap) 

 
Fused LIT GSN NIMN AP5/1 AP5/2 AP5/3 AP5/4 AP5/5 AP5/6 AP5/7 AP5/8 AP5/9 AP5/10AP5/11 AP5/12AP5/13
 
Depth (m) - - - 79.2 29.7 33.5 46.2 60.8 84.8 108.6 120.8 145.8 154.6 177.9 176.2 176.5
Rock 
Name 

Standard 
 

Standard 
 

Standard 
 

Bt-Hbl 
Gn 

Hbl-
Gn 

Bt-Hbl 
Gn 

Amph.
 

Amph.
 

Hbl-
Bt-Gn

Amph.
 

Garnet-
Bt-Gn

Hbl-
Gn 

Garnet-
Bt-Gn 

Chl-
Schist 

Granite 
rock 

Granite 
rock 

 
SiO2 (wt%) 0.01 65.87 52.5 64.68 52.11 56.69 47.74 54.18 66.1 52.04 75.36 53.54 71.27 70.71 75.84 69.16
 
TiO2 n.d. 0.65 0.19 0.68 1.1 0.74 0.77 0.89 0.42 0.88 0.26 0.92 0.34 0.41 0.21 0.53 
 
Al203 0.01 14.85 16.71 14.6 17.43 16.51 19.69 16.73 15.09 14.58 12.29 14.56 12.16 13.92 11.73 14.39
 
Fe2O3 n.d. 3.67 9.01 7.65 11.23 10.41 10.84 10.52 5.97 12.14 4.52 11.7 5.37 4.44 2.68 3.69 
 
MnO 0.01 0.05 0.18 0.2 0.18 0.19 0.19 0.22 0.16 0.13 0.16 0.26 0.14 0.05 0.02 0.06 
 
MgO n.d. 2.22 7.63 1.53 3.82 3.64 4.78 3.28 1.48 6.78 0.57 5.2 1.04 1.21 0.22 1.79 
 
CaO n.d. 2.69 11.38 5.42 9.31 3.71 10.43 7.55 4.01 7.76 1.21 9.28 1.69 0.57 0.63 0.75 
 
Na2O 0.23 3.83 2.63 3.08 2.89 4.02 2.2 3.17 3.41 3.59 4.84 2.96 3.96 6.7 6.5 6.83 
 
K2O n.d. 4.74 0.24 0.87 1.24 1.45 1.29 1.32 1.98 0.68 1.31 0.74 1.8 0.54 0.35 0.58 
 
P2O5 0.01 0.3 0.03 0.23 0.43 0.19 0.2 0.28 0.15 0.12 0.07 0.2 0.09 0.16 0.07 0.18 
 
LOI n.d. 1.29 0.00 0.52 0.83 2.48 1.36 0.92 0.58 0.89 0.3 0.78 0.58 1.19 0.91 1.63 
 
Total:  100.16 100.28 99.45 100.57 100.03 99.49 99.04 99.37 99.56 100.89 100.14 98.44 99.90 99.16 99.59

 
Hbl: hornblende, Bt: biotite, Gn: gneiss, Chl: chlorite, Amph.: amphibolite and n.d.: Not detected. 
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Table C.2: Continued 
 
Powder SIO2 GSN NIMN AP5/1 AP5/2 AP5/3 AP5/4 AP5/5 AP5/6 AP5/7 AP5/8 AP5/9 AP5/10 AP5/11AP5/12AP5/13
 
Cl* (ppm) 90 536 57 12 84 41 56 9 91 110 29 217 8 40 26 71 
 
Co 2 39 49 42 47 41 49 43 33 51 28 51 30 28 32 32 
 
Cr 16 51 36 10 40 27 62 27 11 34 10 62 10 10 10 10 
 
F* 584 4789 100 100 100 100 100 100 528 100 551 100 1218 191 288 190 
 
S* 16 108 16 350 132 16 16 45 16 16 16 454 16 16 16 16 
 
Sc 1 5 20 14 15 31 9 20 11 33 8 28 10 14 4 10 
 
V 3 55 200 57 247 169 210 185 76 339 5 322 1 37 36 46 
 
As 3 9 3 3 3 3 3 3 3 3 4 3 3 3 3 3 
 
Cu 2 23 11 46 186 3 44 35 26 4 19 40 4 7 2 5 
 
Ga 2 20 17 16 16 16 16 17 14 16 18 16 16 14 10 13 
 
Mo 1 1 1 1 2 1 1 1 1 1 1 1 2 1 1 1 
 
Nb 2 22 2 5 6 3 3 4 4 2 8 3 8 5 2 10 
 
Ni 3 36 109 6 19 10 43 9 6 24 6 32 5 6 4 6 
 
Pb 3 55 3 8 7 4 6 7 8 5 8 4 15 4 3 3 
 
Rb 2 181 5 21 27 64 54 38 56 21 26 17 109 20 22 18 
 
Sr 3 583 264 309 417 309 431 401 427 190 86 331 167 77 24 35 
 
Th 3 43 3 5 3 3 4 3 6 3 4 3 5 10 4 3 
 
U 3 13 3 3 3 3 3 3 3 3 3 3 4 5 3 3 
 
W* 6 452 6 316 112 100 95 118 228 85 325 146 299 281 463 369 
 
Y 4 18 6 33 27 24 16 25 19 24 87 23 65 23 14 28 
 
Zn 11 54 59 92 89 103 76 92 70 30 126 90 100 36 11 41 
 
Zr 10 213 12 105 96 58 42 67 79 44 265 55 217 139 159 220 
 
Ba 5 1443 81 506 573 351 378 400 1009 123 231 269 703 131 47 133 
 
La 5 49 19 31 47 32 31 42 15 43 32 55 23 18 29 13 
 
Ce 28 122 10 44 45 25 18 24 42 6 54 35 46 27 52 37 

 
*: Semi-quantitative analysis. 
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Table C.2: Continued 
 
Fused AP5/14 AP5/15 AP5/16 AP5/17 AP5/18 AP5/19 AP5/20AP5/21 AP5/22 AP5/23AP5/24AP5/25 AP5/26 AP5/27 AP5/28 AP5/29
 
Depth (m) 188.1 196.6 206.9 219.3 228 243.2 253.4 269.9 282.7 277.6 281.4 298.5 311.5 306.1 318.8 317.4

Rock 
Name 

Amph. 
 

Hbl-Gn 
 

Amph. 
 

Hbl-Gn 
 

Hbl-Gn
 

Sil-Crd-
Bt-Gn 

Bt-Gn
 

Sil-
Crd-Bt-

Gn 

Garnet-
Sil-Crd-
Bt-Gn

Sil-
Crd-Bt-

Gn 

Sil-
Crd-Bt-

Gn 

Sil-
Crd-Bt-

Gn 
Garnet-
Crd-Gn 

Garnet-
Sil-Crd-
Bt-Gn 

Garnet-
Sil-Crd-
Bt-Gn

Sil-
Crd-Bt-

Gn 
 
SiO2 (wt%) 47.51 58.37 48.51 55.14 53.54 65.7 66.89 65.25 70.51 67.44 75.03 72.59 64.25 56.41 70.12 78.07
 
TiO2 0.47 0.76 1.07 1.16 0.95 0.8 0.4 0.37 0.47 0.3 0.25 0.25 0.56 0.55 0.27 0.25 
 
Al203 15.21 15.35 14.52 14.06 14.67 13.75 13.91 13.23 11.85 10.89 11.6 11.63 14.9 14.11 15.02 9.2 
 
Fe2O3 8.96 7.64 12.85 13.42 12.62 9.26 6.62 9.61 7.01 13.55 4.51 7.32 7.69 12.61 9.91 4.5 
 
MnO 0.16 0.14 0.33 0.43 0.33 0.19 0.14 0.1 0.08 0.08 0.05 0.13 0.11 0.17 0.13 0.06 
 
MgO 8.94 4.25 7.06 5.51 4.66 2.67 2.55 5.98 4.21 3.86 3.24 2.34 4.68 7.27 3.12 2.65 
 
CaO 12.99 6.11 5.14 3.66 5.71 2.31 0.56 0.05 0.34 n.d. 0.23 0.01 0.76 0.56 0.02 0.07 
 
Na2O 1.55 3.79 3.91 3 5.03 3.56 5.47 0.32 0.82 0.23 1.42 0.38 2.23 1.51 0.1 1.03 
 
K2O 1.28 1.34 0.36 0.87 0.68 0.79 0.32 2.65 2.15 1.54 1.42 1.57 1.47 1.25 0.91 1.34 
 
P2O5 0.09 0.21 0.15 0.17 0.15 0.27 0.13 0.12 0.18 0.04 0.06 0.04 0.21 0.07 0.06 0.05 
 
LOI 1.78 1.58 6.08 2.43 1.08 0.96 2.18 2.26 2.47 2.59 2.14 1.79 3.37 1.25 0.24 1.61 
 
Total: 98.96 99.55 99.97 99.87 99.43 100.26 99.20 99.93 100.11 100.52 99.94 98.05 100.23 95.78 99.91 98.84

 
Hbl: hornblende, Bt: biotite, Gn: gneiss, Sil: sillimanite, Crd: cordierite, Amph.: amphibolite and n.d.: Not detected. 
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Table C.2: Continued 
 
Powder AP5/14 AP5/15 AP5/16 AP5/17 AP5/18 AP5/19 AP5/20AP5/21 AP5/22 AP5/23AP5/24AP5/25 AP5/26 AP5/27 AP5/28 AP5/29
 
Cl* (ppm) 130 131 13 15 78 8 8 15 18 8 8 8 8 8 8 17 
 
Co 47 39 58 50 49 42 28 39 33 50 27 39 33 54 48 38 
 
Cr 323 58 25 15 19 10 10 10 10 10 10 10 10 16 10 16 
 
F* 100 100 100 100 567 100 1032 1438 945 1615 913 887 231 467 281 733 
 
S* 16 404 16 16 16 381 637 1139 16 27647 16 16 92 247 16 16 
 
Sc 41 11 41 34 36 19 11 18 16 13 9 13 18 23 12 12 
 
V 241 136 279 325 343 6 1 31 12 1 6 1 27 174 1 1 
 
As 3 3 5 3 3 3 3 4 3 3 3 3 3 3 4 4 
 
Cu 5 28 2 8 2 22 9 57 3 137 2 3 3 16 2 2 
 
Ga 11 15 25 19 17 17 16 14 14 19 12 16 15 24 21 10 
 
Mo 1 1 1 1 1 1 1 21 3 1 1 2 1 1 1 1 
 
Nb 2 7 2 4 2 5 6 6 8 5 6 5 5 6 4 3 
 
Ni 106 39 24 6 15 5 3 3 3 3 3 3 4 7 3 9 
 
Pb 8 6 13 31 5 6 49 3 3 3 3 3 29 3 3 15 
 
Rb 74 61 29 52 30 25 70 63 46 31 31 36 37 24 17 43 
 
Sr 264 477 56 142 132 158 28 9 29 9 48 8 66 52 6 30 
 
Th 5 3 5 3 3 3 3 3 3 3 3 6 3 7 6 3 
 
U 4 3 19 3 3 3 3 3 3 3 3 6 3 3 5 3 
 
W* 75 133 32 116 116 339 279 184 213 362 210 355 147 237 500 377 
 
Y 9 20 31 34 27 40 51 34 60 56 67 67 25 21 89 43 
 
Zn 63 72 184 144 156 68 257 49 49 38 32 53 48 109 34 51 
 
Zr 22 81 53 71 48 144 209 150 197 195 241 161 107 175 225 150 
 
Ba 511 633 26 292 130 336 656 1423 1328 1474 881 1008 967 623 1115 659 

La 28 34 35 33 39 29 8 5 7 14 6 13 17 28 14 
 

5 

Ce 11 35 23 18 12 28 37 39 39 25 46 29 22 62 54 
 

40 
 

*: Semi-quantitative analysis. 
 
 
 
 
 
 
 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  GGhhaavvaammii--RRiiaabbii,,  RR    ((22000077))  



 239

Table C.2: Continued 
 
Fused AP5/30 AP5/31 AP5/32 AP5/33 AP5/34 AP5/35 AP5/36 AP5/37 AP5/38 AP5/39 AP5/40 AP5/41 AP5/42 AP5/43 AP5/44 AP5/45 AP5/46
 
Depth (m) 318.9 322.7 326.8 336.8 335.7 334.2 331.3 328.4 327.4 339 338 341.4 343.7 344.7 349 354.8 360.1 

Rock 
Name 
 

Sil-Crd-
Bt-Gn 

 

Hbl-
Schist 

 

Sil-Crd-
Gn 

 

Amph. 
 
 

Bt-Hbl 
Gn 

 

Bt-Gn 
 
 

Gneiss
 
 

Sil-Crd-
Schist 

 

Garnet-
Hbl-

Schist 

Amph.
 
 

Bt-Hbl-
Gneiss

 

Hbl- 
Gneiss

 

Garnet-
Bt-Gn 

 

Hbl-
Garnet-

Bt- 
Gneiss 

Hbl-Gn
 
 

Hbl-Bt-
Gn 

 

Amph.
 
 

 
SiO2 (wt%) 73.05 53.1 71.03 51.14 60.7 68.26 74.38 66.37 55.85 49.57 51.69 56.38 73.83 59.51 70.5 69.61 46.85 
 
TiO2 0.29 1.3 0.25 0.89 0.96 0.31 0.29 0.49 0.51 1.04 0.89 1.2 0.23 0.46 0.32 0.44 1.9 
 
Al203 11.64 13.92 11.84 14.62 14.12 13.05 11.23 12.74 15.31 14.56 14.63 13.8 12.32 12.43 12.12 12.67 13.44 
 
Fe2O3 6.36 18.78 7.69 14.64 11.88 6.28 4.92 8.91 10.59 15.08 14.09 13.34 4.23 10.17 5.86 6.47 17.02 
 
MnO 0.09 0.23 0.11 0.29 0.36 0.15 0.11 0.16 0.22 0.34 0.4 0.33 0.17 0.24 0.14 0.16 0.26 
 
Mg 3.99 8.86 4.7 4.65 1.39 1.92 0.5 4.88 5.89 4.54 4.55 2.4 0.41 2.39 0.91 1.26 7.1 
 
CaO n.d. 1.01 0.03 7.94 4.22 3.26 1.09 n.d. 4.99 8.2 7.37 6.12 1.73 7.09 2.22 3.66 10.12 
 
Na2O 0.49 0.9 0.35 4.22 4.56 4.36 5.52 0.33 2.92 3.87 3.9 4.31 4.83 2.54 4.15 3.12 1.82 
 
K2O 1.48 0.37 1.55 1.35 1.11 1.13 0.41 2.32 1.32 1.65 0.99 1.21 0.64 2.22 0.96 1.42 0.77 
 
P2O5 0.05 0.27 0.05 0.13 0.48 0.08 0.06 0.06 0.1 0.14 0.13 0.6 0.07 0.13 0.08 0.06 0.24 
 
LOI 2.41 1.34 2.14 0.47 0.62 0.78 0.55 3.32 1.76 0.65 0.85 0.46 0.48 0.85 0.94 0.91 0.79 
 
Total: 99.85 100.07 99.73 100.34 100.42 99.58 99.07 99.58 99.46 99.54 99.49 100.14 98.96 98.06 98.20 99.78 100.31

 
Hbl: hornblende, Bt: biotite, Gn: gneiss, Sil: sillimanite, Crd: cordierite, Amph.: amphibolite and n.d.: Not detected. 
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Table C.2: Continued 
 
Powder AP5/30 AP5/31 AP5/32 AP5/33 AP5/34 AP5/35 AP5/36 AP5/37 AP5/38 AP5/39 AP5/40 AP5/41 AP5/42 AP5/43 AP5/44 AP5/45 AP5/46
 
Cl* (ppm) 8 8 8 50 26 23 8 8 8 108 40 29 13 33 16 182 36 
 
Co 40 60 38 61 43 35 34 35 46 60 57 45 30 44 36 39 

68 
 

Cr 10 15 10 19 10 18 10 10 52 23 18 10 10 17 10 12 
143 

 
 
F* 717 100 784 100 100 551 100 100 100 100 100 100 384 100 136 281 100 
 
S* 1542 16 74 16 56 16 140 497 400 452 203 69 180 16 16 34 780 
 
Sc 14 35 13 29 23 14 9 21 37 33 30 32 7 20 14 11 36 
 
V 2 260 1 378 1 49 12 11 198 384 301 30 1 103 34 58 390 
 
As 3 26 4 3 3 3 3 3 3 3 3 3 3 3 6 3 4 
 
Cu 37 2 11 28 14 11 20 25 23 72 51 18 20 3 8 16 75 
 
Ga 17 19 15 16 21 16 18 17 15 16 18 18 15 16 17 17 17 
 
Mo 1 1 3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
 
Nb 4 3 5 2 3 6 7 5 3 2 4 3 7 3 7 6 2 
 
Ni 3 11 6 9 4 12 5 3 27 16 13 3 4 10 4 9 62 
 
Pb 22 39 21 9 6 6 4 130 6 4 14 4 11 3 3 9 7 
 
Rb 38 13 45 40 36 36 15 81 54 59 24 52 37 79 40 34 46 
 
Sr 12 23 15 171 167 153 71 13 95 136 174 151 169 337 177 190 86 
 
Th 5 3 3 3 3 5 3 4 3 3 5 3 5 3 3 4 3 
 
U 3 3 3 3 3 4 3 3 3 3 3 3 3 3 3 3 3 
 
W* 408 162 281 111 253 238 389 165 114 95 119 154 329 190 362 300 94 
 
Y 61 29 49 22 45 55 82 46 27 25 40 36 53 35 57 65 36 
 
Zn 101 96 92 99 151 95 54 181 111 105 129 114 99 96 90 125 170 
 
Zr 187 80 203 43 80 232 241 201 71 47 68 55 167 76 180 200 72 
 
Ba 751 237 705 325 535 604 157 959 1496 456 327 302 376 490 381 482 90 
 
La 23 44 18 47 33 34 25 26 5 41 34 42 13 44 17 32 31 
 
Ce 48 8 42 6 26 45 45 41 15 15 19 19 46 33 40 44 10 

 
*: Semi-quantitative analysis. 

 
 
 
 
 
 
 
 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  GGhhaavvaammii--RRiiaabbii,,  RR    ((22000077))  



 241

Table C.3: XRF analytical results for samples from borehole AP2 (Areachap) 
 
Fused AP2/1 AP2/2 AP2/3 AP2/4 AP2/5 AP2/6 AP2/7 AP2/8 AP2/9 AP2/10 AP2/11 AP2/12 AP2/13 AP2/14 AP2/15AP2/16AP2/17
 
Depth (m) 62.2 71.2 74.4 81.2 82.5 87.1 91.1 92.2 92.5 105.7 106.3 97.8 91.1 92.6 118 113.2 112.2

Rock 
Name 

Garnet-
Schist 

Amph. 
 

Garnet-
mica-

Gn 

Bt-
Hbl-
Gn 

Bt-Gn 
 

Hbl-
Gn 

 

Hbl-
Gn 

 

Highly 
altered 
rock 

Highly 
altered 
rock 

Gossan 
Zone 

Gossan 
Zone 

Gossan 
Zone 

Granite(?)
 

Granite(?) 
 

Hbl-Bt-
Gn 

Gneiss
 

Gossan 
Zone 

 
SiO2 (wt%) 62.72 33.98 54.41 62.63 76.33 46.63 53.46 45.83 48.82 72.14 73.63 49.75 54.31 77.66 53.15 53.22 39.43
 
TiO2 0.61 0.62 0.97 0.63 0.05 1.07 0.96 0.53 0.64 0.25 0.05 0.04 0.04 0.03 2.05 1.49 1.64 
 
Al203 15.52 12.3 16.75 15.84 13.38 17.31 15.58 17.91 20.45 11.63 12.89 10.03 9.07 12.87 14.37 12.27 14.25
 
Fe2O3 7.65 9.93 11.57 7.2 0.93 10.23 12.06 15.63 11.84 4.97 3.49 26.32 0.53 0.66 13.64 13.69 26.51
 
MnO 0.18 0.19 0.25 0.18 0.01 0.26 0.22 0.21 0.21 0.19 0.03 0.11 

 
n.d. 0.01 0.24 0.3 0.33 

 
MgO 2.86 3.77 4.11 2.82 0.08 7.51 4.13 6.93 5.85 3.51 1.07 2.29 

 
n.d. 

 
n.d. 4.83 5.71 6.34 

 
CaO 1.28 6.29 3.1 1.03 0.59 4.37 5.69 0.7 0.95 0.29 

 
n.d. 

 
n.d. 0.02 

 
n.d. 5.6 7.26 0.98 

 
Na2O 5.71 2.49 4.18 5.63 3.66 5.03 3.47 4.97 5.22 1.6 6.75 1.01 3.79 7.6 4.06 2.91 1.06 
 
K2O 0.8 0.77 1.53 1.06 4.92 0.76 1.22 0.73 1.33 2.43 0.03 4.98 2.26 0.12 0.54 0.57 2.87 
 
P2O5 0.23 0.12 0.24 0.17 0.04 0.31 0.23 0.09 0.08 0.06 0.03 0.05 0.02 0.05 0.83 0.16 0.18 
 
LOI 2.31 29.65 3.14 2.28 0.45 6.74 1.72 5.22 4.45 2.61 1.42 4.44 29.65 0.42 0.89 1.81 5.89 
 
Total: 99.84 100.10 100.24 99.46 100.45 100.24 98.2 98.75 99.83 99.70 99.41 99.01 99.71 99.41 100.22 99.40 99.48

 
Hbl: hornblende, Bt: biotite, Gn: gneiss, Amph.: amphibolite and n.d.: Not detected. 
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Table C.3: Continued 
 
Powder AP2/1 AP2/2 AP2/3 AP2/4 AP2/5 AP2/6 AP2/7 AP2/8 AP2/9 AP2/10 AP2/11 AP2/12 AP2/13 AP2/14 AP2/15AP2/16AP2/17
 
Cl* (ppm) 36 8 40 45 27 8 8 8 40 33 47 39 30 41 50 38 8 
 
Co 44 58 46 36 28 46 48 63 54 38 41 81 36 43 46 56 96 
 
Cr 11 19 17 14 10 24 26 24 49 10 10 11 10 10 12 96 164 
 
F* 100 100 100 100 432 100 100 100 100 100 462 108 485 431 100 100 100 
 
S* 16 16 351 16 16 16 16 16 16 16 16 16 16 16 44 16 16 
 
Sc 22 26 29 30 1 34 28 18 25 14 1 6 2 1 29 38 65 
 
V 87 341 182 105 3 222 221 141 164 54 11 121 5 6 155 317 395 
 
As 3 6 3 3 3 3 3 7 5 3 3 4 3 3 3 3 3 
 
Cu 45 11 56 12 2 3 53 175 83 80 64 572 7 5 11 87 4 
 
Ga 15 17 17 15 11 19 18 16 15 12 10 14 9 8 17 15 23 
 
Mo 1 1 1 1 1 1 1 1 1 1 1 25 1 1 1 3 1 
 
Nb 5 4 4 4 2 4 4 3 3 4 4 3 4 2 4 4 5 
 
Ni 7 6 9 4 3 15 16 15 19 5 4 4 3 3 9 38 75 
 
Pb 21 6 34 8 41 9 38 10 8 3 3 35 22 3 4 9 31 
 
Rb 23 34 53 21 122 21 45 34 84 15 2 114 76 6 20 13 161 
 
Sr 111 295 179 73 96 88 223 125 205 100 27 57 62 34 167 77 93 
 
Th 8 3 3 3 43 6 3 20 3 5 28 17 25 48 3 3 3 
 
U 5 3 3 12 5 9 3 10 8 8 4 23 3 7 3 3 40 
 
W* 298 122 135 141 397 22 116 19 12 234 489 110 544 615 168 92 25 
 
Y 23 18 30 15 47 15 26 39 8 13 17 24 13 49 43 36 45 
 
Zn 236 109 165 280 211 247 83 5414 2409 2404 1558 5761 275 267 111 346 3026 
 
Zr 85 39 88 60 14 51 64 78 23 72 58 11 10 86 84 98 84 
 
Ba 339 357 857 354 234 194 588 273 242 34 5 694 272 5 155 96 538 
 
La 22 19 24 11 13 18 39 52 30 14 10 18 5 5 47 46 66 
 
Ce 37 25 38 28 55 31 28 41 17 39 10 10 18 30 33 25 88 

 
*: Semi-quantitative analysis. 
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                   Table C.3: Continued 
 
Fused AP2/18 AP2/19 AP2/20 AP2/21 AP2/22 

 
AP2/23

 
AP2/24

 
AP2/25 

 
AP2/26

 
AP2/27 

 
Depth (m) 112.4 111.7 108.7 107.5 120.1 124.1 122.1 141.1 153.7 165 
 
Rock Name Amph. Hbl-Gn Amph. Amph. Bt-Hbl-Gn Bt-Gn Hbl-Gn Bt-Schist Hbl-Gn Amph. 
 
SiO2 (wt%) 52.01 46.95 47.62 47.07 69.81 

 
70.85

 
53.67

 
62.46 

 
56.44 

 
50.27 

 
TiO2 1.34 1.85 1.01 0.85 0.44 

 
0.42 

 
1.05 

 
0.83 

 
0.57 

 
0.81 

 
Al203 13.56 14.02 17.42 18 11.88 

 
12.32

 
15.22

 
12.47 

 
14.99 

 
14.64 

 
Fe2O3 15.68 16.39 14.84 12.59 6.81 

 
6.76 

 
12.48

 
9.51 

 
8.23 

 
11.38 

 
MnO 0.3 0.28 0.25 0.24 0.14 

 
0.19 

 
0.21 

 
0.15 

 
0.18 

 
0.21 

 
MgO 6.44 7.02 5.33 5.67 1.48 

 
1.31 

 
4.41 

 
5.67 

 
4.38 

 
6.54 

 
CaO 3.19 6.51 5.17 8.59 4.18 

 
1.86 

 
8.5 

 
1.14 

 
7.45 

 
10.83 

 
Na2O 2.55 3.41 4.54 3.46 3.17 

 
4.37 

 
3.32 

 
2.25 

 
3.39 

 
2.56 

 
K2O 0.8 0.9 1.07 1 0.56 

 
0.95 

 
0.63 

 
3.63 

 
1.67 

 
0.78 

 
P2O5 0.16 0.2 0.16 0.14 0.09 

 
0.07 

 
0.18 

 
0.24 

 
0.14 

 
0.2 

 
LOI 3.67 2.29 2.82 3.02 0.42 

 
1.12 

 
0.48 

 
1.39 

 
1.32 

 
1.16 

 
Total: 99.70 99.83 100.21 100.61 98.97 

 
100.22

 
100.17

 
99.74 

 
98.73 

 
99.40 

 
                         Hbl: hornblende, Bt: biotite, Gn: gneiss, Amph.: amphibolite and n.d.: Not detected. 
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                  Table C.3: Continued 
 
Powder AP2/18 AP2/19 AP2/20 AP2/21 AP2/22 

 
AP2/23

 
AP2/24

 
AP2/25 

 
AP2/26

 
AP2/27 

 
Cl* (ppm) 8 30 15 42 8 

 
8 

 
8 

 
14 

 
77 

 
70 

 
Co 68 63 57 54 39 

 
30 

 
54 

 
38 

 
43 

 
54 

 
Cr 120 108 38 37 10 

 
10 

 
19 

 
10 

 
69 

 
150 

 
F* 100 100 100 100 110 

 
1388 

 
100 

 
1196 

 
100 

 
1238 

 
S* 16 16 16 16 216 

 
16 

 
43 

 
16 

 
132 

 
313 

 
Sc 48 51 38 28 9 

 
18 

 
27 

 
30 

 
19 

 
27 

 
V 266 379 313 299 82 

 
42 

 
311 

 
95 

 
201 

 
300 

 
As 3 4 3 4 4 

 
3 

 
3 

 
3 

 
7 

 
3 

 
Cu 10 5 5 6 17 

 
2 

 
25 

 
4 

 
21 

 
44 

 
Ga 17 19 15 16 14 

 
18 

 
17 

 
18 

 
14 

 
15 

 
Mo 1 1 1 1 1 

 
1 

 
1 

 
3 

 
1 

 
1 

 
Nb 6 5 3 3 3 

 
6 

 
2 

 
7 

 
5 

 
3 

 
Ni 55 55 24 25 3 

 
6 

 
8 

 
5 

 
28 

 
50 

 
Pb 13 8 6 3 7 

 
9 

 
4 

 
7 

 
6 

 
3 

 
Rb 34 32 50 52 22 

 
30 

 
15 

 
314 

 
93 

 
24 

 
Sr 77 97 186 194 145 

 
68 

 
157 

 
45 

 
252 

 
257 

 
Th 4 3 4 3 8 

 
4 

 
3 

 
3 

 
7 

 
3 

 
U 8 5 4 3 4 

 
3 

 
3 

 
3 

 
3 

 
3 

 
W* 64 55 45 44 311 

 
205 

 
173 

 
82 

 
188 

 
173 

 
Y 29 36 19 16 52 

 
64 

 
27 

 
56 

 
23 

 
18 

 
Zn 1228 622 293 229 99 

 
155 

 
90 

 
133 

 
65 

 
86 

 
Zr 100 96 29 28 168 

 
230 

 
66 

 
157 

 
55 

 
39 

 
Ba 224 209 196 140 146 

 
368 

 
72 

 
288 

 
432 

 
122 

 
La 41 53 37 41 18 

 
25 

 
19 

 
32 

 
19 

 
22 

 
Ce 
 

35 
 

18 
 

17 
 

20 
 

45 
 

 
40 

 
20 

 
54 

 
33 

 
26 

 
                         *: Semi-quantitative analysis. 
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                                     Table C.4: XRF analytical results from surface (Kantienpan).  
 
Fused KPR5/1 KPR5/2 KPR5/3 KPR5/4 KPR5/5 
 
Depth (m) Surface Surface Surface Surface Surface 
 
Rock Name Amph. Bt-Crd-Gn Crd-Sil-Bt-Gn Amph. Hbl-Gn  to Amph. 
 
SiO2 (wt%) 46.05 48.31 73.26 47.15 53 
 
TiO2 0.7 0.82 0.21 0.66 0.53 
 
Al203 14.27 20.56 12.89 12.81 14.45 
 
Fe2O3 10.66 10.56 4 8.62 7.56 
 
MnO 0.19 0.19 0.13 0.24 0.22 
 
MgO 6.54 3.78 5.14 8.3 3.95 
 
CaO 19.99 10.39 n.d. 20.51 17.72 
 
Na2O 1.32 3.33 0.34 0.96 1.97 
 
K2O 0.11 1.04 3.03 0.25 0.6 
 
P2O5 0.09 0.24 0.04 0.09 0.13 
 
LOI 0.61 1.21 1.02 0.56 0.56 
 
Total: 100.54 100.42 100.06 100.16 100.70 

 
                                         Bt: biotite, Gn: gneiss, Sil: sillimanite, Crd: cordierite, Amph.: amphibolite and n.d.: Not detected. 
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                                               Table C.4: Continued 
 
Powder KPR5/1 KPR5/2 KPR5/3 KPR5/4 KPR5/5
 
Cl* (ppm) 8 23 8 8 8 
 
Co 47 35 30 45 39 
 
Cr 273 10 10 614 173 
 
F* 100 968 4094 100 100 
 
S* 16 16 16 26 159 
 
Sc 6 5 9 9 1 
 
V 250 1 3 191 150 
 
As 3 3 3 3 11 
 
Cu 190 2 2 35 13 
 
Ga 13 16 19 13 16 
 
Mo 1 1 1 1 1 
 
Nb 2 16 20 8 4 
 
Ni 81 4 7 136 139 
 
Pb 5 5 6 3 3 
 
Rb 6 56 63 16 21 
 
Sr 291 34 18 242 228 
 
Th 4 13 11 3 3 
 
U 3 3 3 3 3 
 
W* 99 372 314 88 124 
 
Y 12 14 27 34 18 
 
Zn 77 69 140 69 82 
 
Zr 24 302 297 35 61 
 
Ba 350 1366 993 226 384 
 
La 41 14 31 43 37 
 
Ce 12 87 75 18 25 

 
                                                           *: Semi-quantitative analysis. 
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Table C.5: XRF analytical results for samples from borehole KN12 (Kantienpan) 
 
Fused KN12/1 KN12/2 KN12/3 KN12/4 KN12/5 KN12/6 KN12/7 KN12/8 KN12/9 KN12/10 KN12/11 KN12/12 KN12/13 KN12/14
 
Depth (m) 175.68 179.78 188.27 190.12 194.67 203.23 209.93 216.76 221.15 228.83 233.67 239.8 253.95 250.62 
Rock 
Name 

Bt-Hbl-
Gn 

Amph. 
 

Bt-Hbl-
Gn 

Amph. 
 

Amph. 
 

Amph. 
 

Bt-Gn 
 

Bt-Gn 
 

Amph. 
 

Amph. 
 

Bt-Hbl-Gn 
 

Bt-Gn 
 

Amph. 
 

Amph. 
 

 
SiO2 (wt%) 76.08 45.72 48.2 47.25 48.54 49.75 49.29 69.69 48.91 49.46 48.97 65.01 50.39 48.42 
 
TiO2 0.19 0.89 0.78 0.77 0.79 0.98 0.97 0.45 1.02 1.31 1.02 0.59 0.84 1.43 
 
Al203 11.54 20.16 19.91 19.69 18.04 17.79 19.62 14.39 18.82 15.83 18.14 14.18 18.97 15 
 
Fe2O3 5.04 11.4 11.37 12.61 11.42 12.38 10.65 5.12 13.05 14.59 12.3 7.15 10.12 16.24 
 
MnO 0.09 0.24 0.18 0.18 0.18 0.16 0.21 0.1 0.27 0.28 0.19 0.23 0.2 0.36 
 
MgO 2.47 3.44 4.62 3.75 5.51 4.39 4.01 0.64 3.96 5.08 5.61 1.75 4.47 4.98 
 
CaO 0.01 14.17 9.09 10.61 8.17 7.41 8.3 3.71 6.67 8.67 4.92 3.43 8.45 8.2 
 
Na2O 0.57 2.01 3.66 3.37 3.92 3.91 4.06 3.82 3.68 3.88 4.52 4.68 4.6 3.23 
 
K2O 3.57 1.26 1.06 0.66 1.53 1.58 1.69 1.38 1.55 1.11 3 1.02 0.77 1.26 
 
P2O5 0.04 0.27 0.27 0.21 0.24 0.33 0.29 0.14 0.26 0.45 0.23 0.21 0.22 0.34 
 
LOI 0.27 0.4 1.34 0.36 0.51 1.07 0.46 0.38 0.00 0.00 0.75 0.1 0.23 0.58 
 
Total: 99.86 99.95 100.46 99.47 98.87 99.76 99.56 99.83 97.94 100.64 99.65 98.37 99.26 100.03 

 
Hbl: hornblende, Bt: biotite, Gn: gneiss, Amph.: amphibolite and n.d.: Not detected. 
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Table C.5: Continued 
 
Powder KN12/1 KN12/2 KN12/3 KN12/4 KN12/5 KN12/6 KN12/7 KN12/8 KN12/9 KN12/10 KN12/11 KN12/12 KN12/13 KN12/14
 
Cl* (ppm) 48 18 76 55 44 59 27 21 38 50 57 8 16 8 
 
Co 49 44 49 48 49 49 45 29 49 52 50 31 56 41 
 
Cr 28 32 41 41 55 34 27 10 24 30 27 10 21 26 
 
F* 100 100 100 100 100 2867 994 1217 1415 100 100 100 398 100 
 
S* 51 136 267 1380 72 733 76 535 81 645 391 282 236 42 
 
Sc 13 8 22 16 23 26 20 15 26 30 27 18 37 23 
 
V 251 264 253 227 247 279 292 19 301 420 348 27 430 267 
 
As 3 5 4 4 3 3 3 3 3 3 3 3 4 3 
 
Cu 47 42 54 359 3 59 7 71 7 69 3 6 66 

2 
 

Ga 19 20 18 19 15 20 20 16 23 21 17 16 20 
16 

 

Mo 1 1 1 1 1 1 2 1 1 1 1 1 1 
 

1 

Nb 4 3 4 4 5 5 6 6 4 4 3 4 5 
 

3 

Ni 18 21 23 26 29 18 19 3 16 11 15 3 6 
1 
5 

Pb 6 8 5 7 6 11 11 7 7 19 4 8 6 
 

14 
 
Rb 23 30 27 12 37 63 61 36 55 22 82 9 51 18 
 
Sr 586 400 560 567 444 213 324 161 133 366 284 191 359 327 
 
Th 3 3 3 3 3 3 4 4 3 3 3 3 3 7 
 
U 3 3 3 3 3 5 3 3 3 3 3 3 3 

3 
 

W* 152 118 80 120 90 78 81 285 108 81 71 242 81 
9 
3 

Y 21 20 20 22 20 32 26 34 26 30 22 28 31 
2 
2 

Zn 76 93 83 82 73 112 99 73 98 76 59 100 184 
 

59 

Zr 58 37 50 52 51 63 73 156 56 58 45 110 59 
 

46 

Ba 501 496 320 260 508 533 610 481 723 235 602 639 815 
 

326 

La 38 24 45 35 28 16 40 23 38 42 37 17 37 
 

36 

Ce 28 33 28 29 31 45 38 45 22 41 28 32 34 
 

30 
 

*: Semi-quantitative analysis. 
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Table C.5: Continued 
 
Fused KN12/15 KN12/16 KN12/17 KN12/18 KN12/19 KN12/20 KN12/21 KN12/22 KN12/23 KN12/24 KN12/25 KN12/28
 
Depth (m) 255.82 262.1 266.8 274.8 278.7 276.5 277.97 278.5 279.41 280.28 280.74 281.8 
Rock 
Name 

Garnet-Bt-
Crd-Gn 

Sil-Crd- 
Bt-Gn 

Sil-Crd- 
Bt-Gn 

Bt-Hbl- 
Gn  

Crd-Bt- 
Gn 

Hbl-Gn 
 

Bt-Hbl- 
Gn 

Ore Zone
 

Ore Zone 
 

Ore Zone 
 

Ore Zone
 

Bt-Crd- 
Gn 

 
SiO2 (wt%) 63.98 66.5 68.6 53.79 60.77 55.33 51.45 

 
41.27 

 
24.86 

 
15.47 

 
23.46 35.6 

 
TiO2 0.38 0.37 0.45 0.95 0.88 1.06 1.29 

 
0.11 

 
0.0642 

 
132 

 
340 0.16 

 
Al203 14.95 13.62 13.86 16.54 15.9 14.84 15.16 

 
3.74 

 
5.83 

 
1.36 

 
3.43 10.37 

 
Fe2O3 5.45 5.71 5.3 11.96 9.26 13.41 15.21 

 
24.04 

 
37.98 

 
45.82 

 
36.40 29.09 

 
MnO 0.06 0.13 0.11 0.31 0.14 0.26 0.29 

 
0.14 

 
0.18 

 
0.13 

 
0.18 0.42 

 
MgO 4.06 2.17 1.41 4.52 2.97 2.97 3.7 

 
1.46 

 
2.61 

 
1.86 

 
2.60 6.4 

 
CaO 1.29 2.11 2.34 8.01 4.56 7.17 8.02 

 
0.43 

 
0.93 

 
0.98 

 
0.28 1.04 

 
Na2O 1.92 2.45 4.19 2.42 3.8 3.03 2.83 

 
<10 ppm

 
<10 ppm

 
<10 ppm 

 
<10 ppm 0.72 

 
K2O 3.28 3.48 1.52 0.77 0.91 0.39 0.42 

 
663 

 
0.20 

 
154 

 
680 1.31 

 
P2O5 0.07 0.08 0.06 0.28 0.23 0.37 0.47 

 
247 

 
675 

 
370 

 
413 0.09 

 
LOI 3.46 1.75 0.98 0.73 0.64 n.d. 0.09 

 
 n.a. n.a.  n.a.  n.a.  9.84 

 
Total: 98.91 98 98.83 100.30 100.08 98.84 98.92 94.19 **  96.10**  92.96**  91.20** 95.06 

 
n.a.: not applicable, Hbl: hornblende; Bt: biotite; Gn: gneiss; Sil: sillimanite; Crd: cordierite, n.d.: Not detected and **: recalculated total 
for sulphide riched samples (S, Cu, Zn and Pb) based on the powder disc analysis.  
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Table C.5: Continued 
 
Powder KN12/15 KN12/16 KN12/17 KN12/18 KN12/19 KN12/20 KN12/21 KN12/22 KN12/23 KN12/24 KN12/25 KN12/27
 
Cl* (ppm) 8 8 8 14 8 48 45 8 8 8 8 13 
 
Co 25 28 33 51 42 51 55 63 76 111 85 60 
 
Cr 10 10 10 10 15 10 12 10 10 22 16 10 
 
F* 2233 1074 1225 1699 932 539 319 3227 3604 3915 3061 3199 
 
S* 14913 10252 4014 720 1048 643 1121 127976 145676 181278 158576 90645 
 
Sc 19 19 17 19 24 25 26 2 1 1 2 7 
 
V 8 26 4 158 159 157 228 17 9 5 5 15 
 
As 3 3 3 3 3 3 3 3 3 3 7 6 
 
Cu 142 11 18 26 13 91 483 3425 4319 5442 4749 15955 
 
Ga 17 14 15 20 19 18 20 3 5 2 2 35 
 
Mo 2 1 1 1 1 1 1 16 25 27 57 22 
 
Nb 7 5 4 6 3 6 4 4 6 2 2 7 
 
Ni 3 3 4 6 8 5 5 15 14 25 22 9 
 
Pb 12 18 12 24 39 10 45 341 532 406 589 1079 
 
Rb 76 66 26 23 35 7 12 4 12 3 3 60 
 
 
Sr 130 141 228 218 247 357 351 7 22 21 4 57 
 
Th 7 6 6 4 3 3 3 3 9 5 5 14 

U 4 3 3 3 3 3 3 3 7 8 3 
3 
 

W* 220 222 346 330 273 340 272 322 168 279 242 
1 
47 

Y 44 37 35 46 23 43 32 4 18 6 5 
 

78 

Zn 111 86 81 126 168 160 183 97306 83299 85577 90797 
2 

3213 

Zr 168 142 139 120 121 91 65 58 41 10 25 
 

136 

Ba 578 1115 529 332 434 382 528 117 926 2175 235 
 

4542 

La 30 5 26 51 39 37 34 64 43 11 72 
 

5 
 
Ce 56 50 43 48 39 40 40 9 33 10 10 105 

 
*: Semi-quantitative analysis 
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Table C.5: Continued 
 
Fused KN12/28 KN12/29 KN12/30 KN12/31 KN12/32 KN12/33 KN12/34 KN12/35 KN12/36 KN12/37 KN12/38 KN12/39
 
Depth (m) 283.32 285.32 287.25 290.80 292 291.29 292.65 293.03 293.80 295.10 297.20 299.10
Rock 
Name 

Bt-Crd-
Gn 

Crd-Bt-
Gn 

Bt-garnet-
Crd-Gn 

Bt-Crd-
Gn 

Ore Zone
 

Ore Zone
 

Bt-Crd-
Gn 

Ore Zone
 

Crd-Bt-
Gn 

Garnet-Bt-
Crd-Gn 

Bt-Gn 
 

Crd-Bt-
Gn 

 
SiO2 (wt%) 78.31 78.49 79.18 68.86 34.92 56.65 73.74 33.38 62.6 71 70.64 69.07 
 
TiO2 0.07 0.09 0.09 0.08 0.15 0.12 0.11 0.37 0.3 0.37 0.41 0.37 
 
Al203 8.03 8.09 7.34 14.26 8.51 7.17 10.37 16.8 11.89 13.26 13.89 13.3 
 
Fe2O3 6.53 8.12 7.67 7.85 30.65 20.22 6.46 24.14 12.69 5.74 4.7 5.77 
 
MnO 0.09 0.04 0.12 0.04 0.09 0.07 0.04 0.17 0.19 0.18 0.13 0.22 
 
MgO 3.48 3.15 2.28 2.17 5.48 4.97 1.65 10.59 5.15 1.29 1.14 1.11 
 
CaO 0.08 n.d. 0.08 0.64 0.26 0.09 1.64 0.64 2.63 2.55 4.11 3.27 
 
Na2O 0.13 0.1 0.12 1.57 0.13 0.13 1.63 0.21 1.48 3.54 3.54 3.32 
 
K2O 0.52 0.63 0.41 1.61 1.64 1.38 1.17 2.54 1.81 1.2 0.49 1.09 
 
P2O5 0.02 0.02 0.02 0.02 0.01 0.02 0.03 0.03 0.05 0.06 0.12 0.09 
 
LOI 2.01 0.99 0.92 2.75 16.77 8.81 2.8 9.43 1.01 0.51 0.37 0.75 
 
Total: 99.27 99.73 98.25 99.85 98.63 99.66 99.63 98.31 99.80 99.68 99.54 98 

 
Hbl: hornblende, Bt: biotite, Gn: gneiss, Crd: cordierite and n.d.: Not detected. 
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Table C.5: Continued 
 
Powder KN12/28 KN12/29 KN12/30 KN12/31 KN12/32 KN12/33 KN12/34 KN12/35 KN12/36 KN12/37 KN12/38 KN12/39
 
Cl* (ppm) 9 8 8 8 8 8 8 11 8 8 8 20 
 
Co 43 45 52 40 74 69 44 55 48 38 34 41 
 
Cr 10 10 10 10 10 10 10 34 11 10 10 10 
 
F* 2011 2210 1175 1113 4573 4265 1339 5063 2657 524 497 212 
 
S* 9667 1689 4873 20996 108778 51831 12360 47767 6250 450 153 1975 
 
Sc 2 5 5 1 8 6 2 18 12 10 10 7 
 
V 2 1 2 8 9 6 8 64 76 23 40 29 
 
As 3 3 3 3 3 3 5 3 3 3 3 3 
 
Cu 315 38 165 1849 4707 1529 626 2352 184 6 3 70 
 
Ga 19 15 12 22 39 32 14 37 18 14 14 14 
 
Mo 1 1 1 2 19 19 10 10 1 1 1 1 
 
Nb 4 4 3 3 7 5 3 8 7 7 3 4 
 
Ni 5 4 4 4 12 4 5 5 13 5 4 3 
 
Pb 91 11 16 91 17 12 53 19 13 13 8 13 
 
Rb 20 21 19 37 61 71 40 109 86 25 12 21 
 
Sr 12 8 11 57 5 7 115 73 167 183 334 244 
 
Th 3 4 5 3 3 3 4 12 6 5 6 9 

U 3 3 3 3 3 3 3 7 3 3 3 
3 
 

W* 438 480 571 360 413 444 545 109 338 418 368 
4 
39 

Y 13 23 44 7 6 15 31 50 36 37 19 
 

32 

Zn 280 113 87 322 1238 971 247 2586 211 230 67 
 

99 

Zr 124 133 117 211 137 130 201 336 143 157 152 
 

146 
 
Ba 1011 458 389 806 482 420 312 1166 585 585 516 727 
 
La 5 24 26 7 42 37 19 47 41 19 28 18 
 
Ce 23 22 24 24 6 6 37 66 49 65 45 47 

 
*: Semi-quantitative analysis. 
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Table C.6: XRF analytical results for samples from borehole KN11 (Kantienpan). 
 
Fused KN11/1 KN11/2 KN11/3 KN11/4 KN11/5 KN11/6 KN11/7 KN11/8 KN11/9 KN11/10 KN11/11 KN11/12 KN11/13 KN11/14
 
Depth (m) 24.20 22.10 27.20 42.00 48.90 42.80 60.54 68.40 72.00 78.13 84.66 90.00 97.65 101.28 
Rock 
Name 

Granite 
 

Bt-Crd-
Gn 

Bt-Crd-
Gn 

Amph. 
 

Amph. 
 

Gneiss 
 

Crd-Bt-
Gn 

Amph. 
 

Amph. 
 

Amph. 
 

Bt-Gn 
 

Spotty 
Gneiss 

Amph. 
 

Amph. 
 

 
SiO2 (wt%) 67.12 65.88 68.06 48.44 49.03 72.2 71.24 50.23 46.57 51.74 63.04 61.18 50.2 51.6 
 
TiO2 0.46 0.37 0.31 1.05 1.01 0.43 0.4 1.21 1.18 1.13 1.02 1.02 1.19 1.27 
 
Al203 14.96 13.51 13.91 17.27 16.95 12.43 13.48 17.09 16.86 15.72 15.01 15.05 15.97 15.36 
 
Fe2O3 5.31 6.48 6.42 12.94 12.59 4.76 4.41 13.48 15.95 12.92 8.59 8.63 13.42 11.75 
 
MnO 0.14 0.11 0.13 0.2 0.21 0.11 0.11 0.43 0.52 0.33 0.23 0.27 0.34 0.38 
 
MgO 2.52 1.87 2.18 4.97 4.37 0.66 0.67 4.07 4.61 3.1 1.91 1.76 3.9 3.46 
 
CaO 1.77 1.62 1.89 8.95 6.72 2.08 1.2 5.44 4.32 5.7 3.72 3.39 8.49 8.15 
 
Na2O 2.55 2.92 2.87 4.03 4.56 4.76 4.68 4.54 3.95 4.01 4.35 3.58 4.32 4.86 
 
K2O 3.55 3.87 2.3 0.9 1.96 1.06 3.33 1.41 2.55 1.06 1.75 3.79 1.02 0.72 
 
P2O5 0.08 0.07 0.06 0.26 0.3 0.09 0.1 0.54 0.52 0.46 0.38 0.39 0.58 0.6 
 
LOI 0.82 2.35 1.19 0.23 0.73 0.1 0.17 0.13 0.41 0.00 0.00 0.15 0.00 0.00 
 
Total: 99.29 99.06 99.32 99.24 98.42 98.68 99.80 98.58 97.45 96.17 99.98 99.19 99.37 97.94 

 
Hbl: hornblende, Bt: biotite, Gn: gneiss, Crd: cordierite, Amph.: amphibolite and n.d.: Not detected. 
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         Table C.6: Continued 
 
Powder KN11/1 KN11/2 KN11/3 KN11/4 KN11/5 KN11/6 KN11/7 KN11/8 KN11/9 KN11/10 KN11/11 KN11/12 KN11/13 KN11/14
 
Cl* (ppm) 8 13 8 21 16 8 8 29 8 60 10 8 15 8 
 
Co 37 31 34 52 47 37 36 46 50 46 34 36 46 44 
 
Cr 10 10 10 45 40 10 10 10 11 10 10 10 15 17 
 
F* 504 626 1316 100 906 100 223 695 1738 787 249 274 296 100 
 
S* 3121 8500 12305 107 200 545 365 163 5243 1368 838 4615 25 2160 
 
Sc 17 20 12 22 17 11 12 26 30 27 18 19 17 22 
 
V 19 26 21 329 304 1 1 149 197 134 42 33 252 248 
 
As 3 3 3 3 3 3 3 3 3 3 3 3 4 3 
 
Cu 5 64 14 84 28 159 24 24 1114 94 33 98 2 99 
 
Ga 15 15 16 17 17 14 14 22 21 21 17 18 19 20 
 
Mo 1 2 1 1 1 1 6 2 7 10 1 1 1 1 
 
Nb 5 5 4 4 5 5 4 4 4 5 6 6 3 6 
 
Ni 4 4 5 23 23 3 5 4 5 3 4 4 5 6 
 
Pb 6 36 16 3 3 3 5 22 72 9 12 26 7 9 
 
Rb 49 65 37 10 43 4 35 33 65 26 20 43 16 4 
 
Sr 125 168 122 245 289 231 132 303 170 150 149 146 175 249 
 
Th 4 11 8 3 3 6 6 3 4 3 4 3 3 3 
 
U 3 4 4 4 3 3 3 3 4 3 3 3 3 

3 
 

W* 396 224 284 115 68 447 470 123 66 134 199 221 109 
1 
47 

 
Y 37 41 39 23 22 27 50 38 31 36 38 24 35 42 
 
Zn 75 103 108 81 70 54 46 370 472 297 202 149 140 208 
 
Zr 143 154 158 46 49 175 183 85 77 81 158 141 61 23 
 
Ba 1106 1079 954 315 630 373 960 730 775 882 842 1574 427 291 
 
La 5 15 5 40 35 21 11 37 37 22 35 5 34 46 
 
Ce 44 52 50 35 30 43 61 38 34 28 50 33 38 32 

 
*: Semi-quantitative analysis. 

 
 
 
 
 
 
 
 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  GGhhaavvaammii--RRiiaabbii,,  RR    ((22000077))  



 255

 Table C.6: Continued 
 
Fused KN11/15 KN11/16 KN11/17 KN11/18 KN11/19 KN11/20 KN11/21

 
KN11/22

 
KN11/23 

 
KN11/24 

 
KN11/25

 
KN11/26

 
Depth (m) 108.25 112.48 120.05 126.10 130.20 136.80 142.70 149.55 154.43 159.60 165.66 172.20 
Rock 
Name 

Gneiss 
 

Amph. 
 

Amph. 
 

Bt-Hbl-
Gn 

Spotty 
Gneiss 

Bt-Gn 
 

Bt-Gn 
 

Bt-Gn 
 

Bt-Hbl-
Gn 

Bt-Hbl-
Gn 

Sil-Crd-
Bt-Gn 

Crd-Gn
 

 
SiO2 (wt%) 69.47 50.32 47.7 49.42 72.92 73.2 72.5 

 
72.24 

 
47.61 

 
49.88 

 
64.71 

 
68.22 

 
TiO2 0.73 0.8 1 0.76 0.33 0.47 0.47 

 
0.21 

 
0.81 

 
0.71 

 
0.46 

 
0.35 

 
Al203 12.48 19.47 17.4 18.74 12.69 12.72 13.97 

 
12.8 

 
17.9 

 
18.14 

 
14.15 

 
14.29 

 
Fe2O3 6.56 10.22 13.11 10.63 4.07 4.59 2.91 

 
1.78 

 
11.83 

 
11.2 

 
5.53 

 
5.92 

 
MnO 0.2 0.32 0.37 0.27 0.1 0.12 0.07 

 
0.04 

 
0.29 

 
0.21 

 
0.05 

 
0.18 

 
MgO 1.56 3.89 5.4 4.04 0.63 0.83 0.67 

 
0.33 

 
6.08 

 
5.11 

 
1.4 

 
1.69 

 
CaO 4.22 7.48 6.66 7.42 1.07 2.46 1.53 

 
1.33 

 
7.45 

 
8.62 

 
1.14 

 
1.65 

 
Na2O 3.61 4.49 4.05 4.78 4.75 4.35 4.49 

 
3.12 

 
3.53 

 
4.29 

 
2.37 

 
2.24 

 
K2O 0.62 1.91 1.93 1.46 2.59 0.91 2.7 

 
5.45 

 
2.08 

 
0.94 

 
3.01 

 
2.75 

 
P2O5 0.28 0.2 0.25 0.15 0.03 0.11 0.05 

 
0.07 

 
0.21 

 
0.18 

 
0.05 

 
0.06 

 
LOI 0.26 0.48 0.51 0.54 0.21 0.23 0.26 

 
0.7 

 
1.15 

 
0.61 

 
3.15 

 
1.85 

 
Total: 99.98 99.59 98.37 98.22 99.42 100.01 99.64 

 
98.08 

 
98.94 

 
99.90 

 
96.04 

 
99.18 

 
Hbl: hornblende, Bt: biotite, Gn: gneiss, Sil: sillimanite, Crd: cordierite, Amph.: amphibolite and n.d.: Not detected. 
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Table C.6: Continued 
 
Powder KN11/15 KN11/16 KN11/17 KN11/18 KN11/19 KN11/20 KN11/21

 
KN11/22

 
KN11/23 

 
KN11/24 

 
KN11/25

 
KN11/26

 
Cl* (ppm) 18 31 36 16 8 9 8 

 
55 

 
159 

 
98 

 
8 

 
8 

 
Co 37 43 50 43 31 37 27 

 
27 

 
50 

 
48 

 
29 

 
36 

 
Cr 10 28 30 34 10 10 10 

 
10 

 
52 

 
46 

 
10 

 
10 

 
F* 100 380 100 100 100 100 1086 

 
579 

 
100 

 
100 

 
305 

 
359 

 
S* 1591 24 1239 831 292 140 16 

 
16 

 
173 

 
140 

 
18678 

 
13916 

 
Sc 9 19 28 21 13 11 11 

 
1 

 
22 

 
22 

 
9 

 
10 

 
V 47 261 287 269 7 7 2 

 
18 

 
287 

 
278 

 
3 

 
22 

 
As 3 3 3 3 3 3 3 

 
3 

 
3 

 
3 

 
3 

 
3 

 
Cu 70 2 152 124 11 45 4 

 
2 

 
161 

 
197 

 
9 

 
17 

 
Ga 13 19 18 18 13 14 13 

 
12 

 
18 

 
17 

 
17 

 
14 

 
Mo 1 1 1 1 18 1 1 

 
1 

 
1 

 
1 

 
1 

 
2 

 
Nb 4 3 4 3 5 6 6 

 
7 

 
5 

 
3 

 
7 

 
7 

 
Ni 4 14 12 15 3 4 4 

 
4 

 
25 

 
23 

 
5 

 
4 

 
Pb 14 73 86 30 9 5 12 

 
32 

 
13 

 
11 

 
25 

 
26 

 
Rb 10 39 51 33 24 9 45 

 
137 

 
53 

 
17 

 
46 

 
37 

 
Sr 146 219 271 335 107 232 140 

 
144 

 
314 

 
202 

 
128 

 
119 

 
Th 5 3 3 4 7 5 7 

 
20 

 
3 

 
3 

 
6 

 
4 

 
U 3 3 3 3 3 3 3 

 
6 

 
3 

 
3 

 
3 

 
3 

 
W* 348 91 66 78 397 456 300 

 
312 

 
77 

 
99 

 
302 

 
325 

 
Y 23 19 23 19 43 31 33 

 
25 

 
18 

 
15 

 
41 

 
40 

 
Zn 115 296 223 126 51 60 41 

 
40 

 
115 

 
77 

 
92 

 
100 

 
Zr 108 46 54 47 195 165 189 

 
152 

 
44 

 
38 

 
163 

 
145 

 
Ba 495 956 769 700 706 485 676 

 
1113 

 
633 

 
256 

 
569 

 
1044 

 
La 20 23 37 43 21 16 22 

 
20 

 
43 

 
43 

 
22 

 
23 

 
Ce 28 24 33 21 61 46 66 

 
83 

 
37 

 
22 

 
56 

 
49 

 
*: Semi-quantitative analysis. 
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Table C.6: Continued 
 
Fused 

 
KN11/27 

 
KN11/28 

 
KN11/29 

 
KN11/30

 
KN11/31 KN11/32 KN11/33 KN11/34 KN11/35 KN11/36

 
Depth (m) 175.80 182.40 188.32 195.35 196.84 198.80 205 206.57 206.95 208.25 
Rock 
Name 

Crd-Bt-
Gn 

Crd-Bt-
Gn 

Bt-Gn 
 

Bt-Hbl-
Gn 

Bt-Hbl-
Gn 

Hbl-Gn to 
Amph. 

Bt-Sil-Crd-
Gn 

Bt-Garnet-
Crd-Gn 

Ore Zone 
 

Ore Zone
 

 
SiO2 (wt%) 

 
67.84 

 
66.73 

 
61.96 

 
51.34 

 
45.23 48.81 85.96 

 
59.71 

 
14.00 

 
13.15 

 
TiO2 

 
0.37 

 
0.44 

 
0.5 

 
0.81 

 
1.24 1.45 0.08 

 
0.05 

 
0.03 

 
0.01 

 
Al203 

 
14.24 

 
14.19 

 
16.5 

 
18.43 

 
17.05 14.95 3.91 

 
12.01 

 
4.38 

 
1.30 

 
Fe2O3 

 
5.77 

 
6.12 

 
8.37 

 
9.87 

 
15.35 16.32 3.95 

 
9.87 

 
35.67 

 
43.24 

 
MnO 

 
0.16 

 
0.1 

 
0.21 

 
0.25 

 
0.28 0.28 0.06 

 
0.13 

 
0.28 

 
0.19 

 
MgO 

 
2.74 

 
1.48 

 
1.94 

 
3.75 

 
5.26 4.34 1.72 

 
1.99 

 
3.18 

 
2.82 

 
CaO 

 
2.02 

 
1.4 

 
5.65 

 
8.39 

 
11.94 9.31 0.05 

 
3.26 

 
2.98 

 
0.90 

 
Na2O 

 
2.52 

 
3.21 

 
2.61 

 
3.91 

 
2.01 2.81 0.17 

 
0.78 

 
n.d. 

 
n.d. 

 
K2O 

 
3.07 

 
2.8 

 
1.35 

 
0.82 

 
0.39 0.36 0.4 

 
0.64 

 
0.28 

 
0.10 

 
P2O5 

 
0.08 

 
0.09 

 
0.14 

 
0.24 

 
0.22 0.31 0.03 

 
0.062  

 
0.04  

 
0.04  

 
LOI 

 
1.25 

 
2.46 

 
0.7 

 
1.69 

 
0.65 0.55 1.87  n.a. n.a.  n.a.  

 
Total: 

 
100.04 

 
99.03 

 
99.93 

 
99.51 

 
99.64 99.47 98.23 94.73 ** 92.50 ** 89.95 **

 
n.a.: not applicable; Hbl: hornblende; Bt: biotite; Gn: gneiss; Sil: sillimanite; Crd: cordierite, n.d.: Not detected, **: recalculated total for 
sulfide riched samples (S, Cu, Zn and Pb) based on the powder disc analysis and Amph.: amphibolite.  
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Table C.6: Continued 
 
Powder 

 
KN11/27 

 
KN11/28 

 
KN11/29 

 
KN11/30

 
KN11/31 KN11/32 KN11/33 KN11/34 KN11/35 KN11/36

 
Cl* (ppm) 

 
19 

 
68 

 
96 

 
89 

 
53 64 14 8 8 9 

 
Co 

 
33 

 
29 

 
39 

 
39 

 
56 54 41 64 93 97 

 
Cr 

 
10 

 
10 

 
19 

 
40 

 
41 26 10 10 17 10 

 
F* 

 
1047 

 
393 

 
1500 

 
2049 

 
100 272 1214 524 2506 4081 

 
S* 

 
8408 

 
10108 

 
1140 

 
4602 

 
1076 733 8384 52269 163606 159185 

 
Sc 

 
17 

 
18 

 
23 

 
30 

 
25 33 2 1 1 1 

 
V 

 
27 

 
8 

 
125 

 
284 

 
490 458 2 1 7 5 

 
As 

 
7 

 
3 

 
3 

 
6 

 
3 10 3 3 3 3 

 
Cu 

 
8 

 
12 

 
22 

 
72 

 
284 185 235 1461 9470 6724 

 
Ga 

 
15 

 
15 

 
17 

 
21 

 
20 19 10 34 2 2 

 
Mo 

 
1 

 
1 

 
1 

 
1 

 
1 1 1 1 13 62 

 
Nb 

 
5 

 
5 

 
5 

 
8 

 
3 3 2 4 3 3 

 
Ni 

 
5 

 
3 

 
11 

 
14 

 
16 8 3 7 27 21 

 
Pb 

 
20 

 
31 

 
23 

 
182 

 
27 12 233 1509 447 673 

 
Rb 

 
53 

 
38 

 
55 

 
24 

 
20 9 13 12 17 11 

 
Sr 

 
136 

 
194 

 
90 

 
345 

 
479 414 23 119 40 56 

 
Th 

 
7 

 
3 

 
6 

 
5 

 
3 3 3 13 11 3 

 
U 

 
3 

 
3 

 
4 

 
6 

 
3 3 3 3 8 5 

 
W* 

 
307 

 
253 

 
233 

 
135 

 
158 133 519 327 195 163 

 
Y 

 
37 

 
45 

 
29 

 
32 

 
19 26 23 40 13 6 

 
Zn 

 
113 

 
82 

 
128 

 
262 

 
200 189 214 7023 143196 113388 

 
Zr 

 
137 

 
156 

 
81 

 
49 

 
35 50 51 107 44 12 

 
Ba 

 
902 

 
887 

 
512 

 
312 

 
117 221 2260 3859 1328 

2311 
 

La  
14 

 
15 

 
24 

 
27 

 
33 51 5 5 37 

 
6 

Ce  
47 

 
58 

 
43 

 
31 

 
24 25 33 37 17 

 
6 

 
*: Semi-quantitative analysis.  
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Table C.6: Continued 
 
Fused KN11/37 KN11/38 KN11/39 KN11/40 

 
KN11/41

 
KN11/42

 
KN11/43

 
KN11/44

 
KN11/45 

 
KN11/46 

 
KN11/47 

 
KN11/48

 
KN11/49

 
Depth (m) 209.2 210.66 212.16 216.23 217.73 217.8 218.19 226.69 224.06 231.18 229.29 237.65 239.33 
Rock 
Name 

Ore Zone 
 

Garnet-Bt-
Crd-Gn 

Bt-Crd-
Gn 

Bt-Crd-
Gn 

Sil-Bt-
Crd-Gn 

Sil-Crd-
Bt-Gn 

Sil-Bt-
Crd-Gn 

Sil-Bt-Gn
 

Amph. 
 

Bt-Gn 
 

Gneiss to 
granulite 

Bt-Gn 
 

Bt-Gn 
 

 
SiO2 (wt%) 

 
13.66 78.43 76.69 75.12 

 
75.22 

 
75.86 

 
79.52 

 
68.55 

 
44.7 

 
70.72 

 
67.15 

 
56.57 

 
65 

 
TiO2 

 
0.02 0.09 0.09 0.12 

 
0.13 

 
0.13 

 
0.09 

 
0.36 

 
0.86 

 
0.36 

 
0.57 

 
0.55 

 
0.47 

 
Al203 

 
1.42 8.85 9.33 9.67 

 
10.77 

 
10.56 

 
7.47 

 
11.19 

 
19.15 

 
12.94 

 
15.1 

 
16.42 

 
13.47 

 
Fe2O3 

 
40.56 7.86 7.85 8.26 

 
8.04 

 
7.77 

 
7.62 

 
7.34 

 
12.94 

 
4.76 

 
5.7 

 
8.15 

 
10.78 

 
MnO 

 
0.18 0.1 0.06 0.12 

 
0.06 

 
0.09 

 
0.08 

 
0.21 

 
0.32 

 
0.12 

 
0.13 

 
0.14 

 
0.19 

 
MgO 

 
2.00 2.81 3.6 4.11 

 
2.97 

 
2.83 

 
2.72 

 
4.25 

 
5.64 

 
0.98 

 
1.44 

 
3.87 

 
1.51 

 
CaO 

 
0.27 

 
n.d. 

 
n.d. 0.04 

 
n.d. 

 
n.d. 

 
0.02 

 
2.84 

 
11.62 

 
3.19 

 
3.95 

 
9.32 

 
2.51 

 
Na2O 

 
n.d. 0.13 0.13 0.16 

 
0.18 

 
0.26 

 
0.23 

 
2.16 

 
2.16 

 
3.62 

 
3.66 

 
2.78 

 
3.36 

 
K2O 

 
0.07 0.58 0.8 1.16 

 
1.17 

 
1.17 

 
0.85 

 
1.39 

 
0.21 

 
0.64 

 
1.28 

 
0.41 

 
1.68 

 
P2O5 

 
0.03  0.02 0.02 0.03 

 
0.02 

 
0.03 

 
0.02 

 
0.05 

 
0.24 

 
0.08 

 
0.15 

 
0.19 

 
0.07 

 
LOI n.a.  0.75 0.99 1.34 

 
0.87 

 
1.19 

 
1.2 

 
0.47 

 
0.43 

 
0.86 

 
0.38 

 
0.27 

 
0.37 

 
Total: 90.03 ** 99.62 99.60 100.11 

 
99.44 

 
99.89 

 
99.84 

 
98.83 

 
98.29 

 
98.28 

 
99.53 

 
98.68 

 
99.42 

 
n.a.: not applicable; Hbl: hornblende; Bt: biotite; Gn: gneiss; Sil: sillimanite; Crd: cordierite, n.d.: Not detected, **: recalculated total for sulfide riched 
samples (S, Cu, Zn and Pb) based on the powder disc analysis and Amph.: amphibolite  
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Table C.6: Continued 
 
Powder KN11/37 KN11/38 KN11/39 KN11/40 

 
KN11/41

 
KN11/42

 
KN11/43

 
KN11/44

 
KN11/45 

 
KN11/46 

 
KN11/47 

 
KN11/48

 
KN11/49

 
Cl* (ppm) 8 214 279 247 

 
254 

 
416 

 
286 

 
296 

 
247 

 
257 

 
408 

 
135 

 
211 

 
Co 99 52 46 45 

 
43 

 
46 

 
44 

 
41 

 
49 

 
33 

 
34 

 
40 

 
43 

 
Cr 10 10 10 10 

 
10 

 
10 

 
10 

 
10 

 
54 

 
10 

 
10 

 
31 

 
10 

 
F* 3488 928 2131 3209 

 
2001 

 
1990 

 
1687 

 
2228 

 
832 

 
460 

 
1465 

 
401 

 
354 

 
S* 165953 3476 4959 4853 

 
1272 

 
6230 

 
9094 

 
430 

 
1146 

 
383 

 
427 

 
16 

 
811 

 
Sc 1 7 4 5 

 
6 

 
5 

 
4 

 
12 

 
22 

 
13 

 
16 

 
17 

 
10 

 
V 6 1 1 1 

 
1 

 
1 

 
1 

 
57 

 
280 

 
25 

 
23 

 
155 

 
43 

 
As 3 3 4 3 

 
3 

 
3 

 
3 

 
3 

 
3 

 
3 

 
3 

 
3 

 
3 

 
Cu 6885 192 54 71 

 
39 

 
141 

 
274 

 
10 

 
45 

 
15 

 
19 

 
8 

 
21 

 
Ga 2 17 17 16 

 
16 

 
16 

 
14 

 
15 

 
19 

 
12 

 
16 

 
15 

 
15 

Mo 54 1 1 1 
 

1 
 

1 
 

1 
 

1 
 

1 
 

1 
 

1 
 

1 
 

1 

Nb 4 4 4 5 
 

4 
 

4 
 

3 
 

17 
 

3 
 

4 
 

5 
 

2 
 

4 

Ni 15 3 4 4 
 

3 
 

4 
 

3 
 

9 
 

27 
 

4 
 

4 
 

19 
 

4 

Pb 634 3 12 3 
 

8 
 

10 
 

11 
 

5 
 

13 
 

8 
 

11 
 

7 
 

5 

Rb 5 16 24 35 
 

28 
 

31 
 

23 
 

38 
 

9 
 

14 
 

30 
 

5 
 

23 

Sr 4 10 13 13 
 

13 
 

11 
 

18 
 

142 
 

428 
 

274 
 

226 
 

365 
 

259 

Th 3 3 4 3 
 

4 
 

5 
 

7 
 

16 
 

3 
 

5 
 

5 
 

3 
 

7 

U 3 3 3 3 
 

3 
 

3 
 

3 
 

3 
 

3 
 

3 
 

3 
 

3 
 

3 

W* 157 585 486 398 
 

388 
 

435 
 

421 
 

308 
 

143 
 

307 
 

275 
 

184 
 

318 

Y 4 52 18 30 
 

18 
 

23 
 

17 
 

34 
 

22 
 

31 
 

38 
 

18 
 

29 

Zn 144803 111 85 263 
 

133 
 

903 
 

111 
 

125 
 

226 
 

51 
 

74 
 

50 
 

118 

Zr 15 143 135 161 
 

173 
 

169 
 

118 
 

185 
 

35 
 

147 
 

134 
 

63 
 

175 

Ba 31 1036 2940 494 
 

714 
 

944 
 

1037 
 

1048 
 

86 
 

291 
 

884 
 

255 
 

1232 

La 55 9 5 24 
 

16 
 

10 
 

5 
 

35 
 

50 
 

26 
 

13 
 

37 
 

36 

Ce 6 12 15 22 
 

26 
 

30 
 

21 
 

115 
 

25 
 

26 
 

45 
 

24 
 

53 
 

*: Semi-quantitative analysis.  
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Appendix D 
 
 
 
 

Analytical methods and results of regolith 
analyses 

 
 
 
 
D.1. Regolith samples 
 
These samples were collected from the sand cover that was deposited by the wind, 

commonly referred to as the Kalahari sand. The sand samples were sieved to identify the 

best size fraction with the highest element content. For this, a few samples from within 

and outside of the assumed secondary dispersion haloes of the deposit were selected and 

sieved into five fractions: 

 

1) –710 to +180 micron. 

2) –180 to +125 micron. 

3) –125 to +75 micron. 

4) –75 to +45 micron; and 

5) –45 micron.  
 

Different extractions were prepared using ammonium nitrate (NH4NO3), ammonium 

acetate (NH4OAC), ethylene diamine tetraacetic acid (NH4EDTA) and calcium hydro 

phosphate (Ca (H2PO4) 2) before analyzing the solutions by Inductively Coupled Plasma 

Mass Spectrometry (ICP-MS) for the elements of interest including Cu, Zn, Pb, Cd, Mn, 

Fe, Ba and S.  
 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  GGhhaavvaammii--RRiiaabbii,,  RR    ((22000077))  



 

 262

D.1.1. NH4NO3 extraction 
A 0.2 M NH4NO3 solution is used to remove weakly bound elements of interest from 

the sand particles. 50 ml of this solution is added to a small plastic container (100 ml), 

with 5 grams of the sand sample. The container is shaken for 30-minutes in a 

mechanical shaker. Two blank samples, comprising a plastic container with 50 ml of 

the 0.2 M NH4NO3 solution, were also shaken for 30-minutes. The blank samples are 

analyzed to determine the abundance of the elements of interest in the reagents.  
 

The suspension was then poured into a centrifuging tube to separate the solid part of 

the sample. The solution is for analysis. The results of the ICP-MS analysis of these 

samples are given in Table D.1. Duplicate samples were also analyzed and later used 

for statistical analysis. Based on this table, most of the elements, except Ba and Mn, 

have very high blank contents. The finest sample fraction analyzed (-75μ) shows the 

highest contents of the elements of interest. The -45 μ size fraction was analyzed for a 

limited number of samples, but as inadequate quantities of this fraction was available 

for most of the samples, it was decided to base the interpretation of the data on the     

-75 μ grain size fraction. When the samples from within (KP12/13) and outside 

(KP12/2) the assumed geochemical halo are compared to each other, samples from 

within the halo returned higher concentrations of the elements of interest. 
 

The results of statistical validation exercises (regression and correlation procedures) 

for duplicated samples are summarized in Table D.2. The slope of the regression line 

between the duplicate analyses is close to one for only Ba and Mn where the null 

hypothesis (H0=0) that the slope is equal to null may be rejected (probability values < 

0.0001).  Inaccuracy in the intercept is probably caused by the small number of 

duplicate pairs. However, inspection of the data reveals that the repeatability of both 

high and low concentrations is poor.  In general, this is confirmed by the strong 

correlation coefficients determined for Ba and Mn. The results of Cu, Zn, Pb, Cd and 

Fe are rejected due to the high blank values for these elements and the poor 

repeatability of the determinations. 

 

 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  GGhhaavvaammii--RRiiaabbii,,  RR    ((22000077))  



 

 263

Table D.1: ICP-MS analytical results of wind blown sand samples (5 gram sample + 50 ml of 0.2 M NH4NO3 solution, 30minute 

shacking times) 

Location Sample No Fraction 

(μ) 

Cu 

(ppb) 

Zn 

(ppb) 

Pb 

(ppb) 

Ba 

 (ppb) 

Mn 

(ppb) 

Fe 

(ppb) 

Cd 

(ppb) 

T (0C)1 

Extraxt. 

PH1 

Extract. 

T (0C)2 

solution 

PH2 

solution 

-710 

 to +180 

180 

161 

609 

676 

203 

163 

5518 

5971 

1291 

1600 

800 

900 

66 

126 

21.9 

23.8 

4.63 

4.91 

22.3 

24.7 

5.2 

5 

-180  

to  +125 

165 

155 

626 

690 

195 

166 

7638 

10705 

1283 

2040 

700 

900 

63 

98 

22 

23.8 

5.2 

4.91 

22.3 

24.7 

5 

5.1 

-125 

 to  +75 

162 

160 

552 

679 

173 

159 

9861 

7536 

1637 

1741 

700 

550 

65 

102 

22 

23.8 

5.2 

4.91 

22.3 

24.8 

5.33 

5.1 

-75  

to  +45 

183 

184 

643 

904 

171 

170 

14897 

16036 

2642 

3081 

700 

900 

82 

102 

22 

23.8 

5.2 

4.91 

22.3 

24.6 

5.38 

5.1 

 

 

 

 

Outside 

 the halo 

 

 

 

T2/290N 

From 

Areachap 

-45 

 

251 

183 

1085 

651 

186 

169 

21077 

21646 

7194 

8453 

740 

800 

91 

128 

22 

23.8 

5.2 

4.91 

22.3 

24.7 

5.27 

5.2 

-710  

to  +180 

158 

141 

401 

519 

174 

177 

5212 

4913 

1100 

884 

700 

700 

87 

141 

21.9 

23.8 

4.6 

4.9 

22 

22.4 

6.1 

6.2 

-180  

to  +125 

189 

132 

602 

282 

165 

164 

6766 

6616 

723 

697 

700 

700 

70 

115 

21.9 

23.8 

4.6 

4.9 

22 

24.7 

6.1 

6.2 

-125 

 to  +75 

144 

136 

501 

569 

167 

159 

9019 

9457 

996 

948 

800 

700 

88 

136 

22 

23.8 

5.2 

4.9 

22.4 

24.6 

6.4 

6.3 

-75  

to +45 

125 

156 

379 

869 

167 

161 

12903 

13606 

925 

1071 

700 

120 

75 

108 

22 

23.8 

5.2 

4.9 

22.5 

24.6 

6.7 

6.5 

 

 

 

 

Outside 

 the halo 

 

 

 

KP12/2 

From 

Kantienpan 

-45 

 

130 

144 

221 

286 

163 

173 

15885 

17683 

1276 

1452 

700 

700 

82 

131 

22 

23.8 

5.2 

4.9 

22.7 

24.7 

7 

6.9 

-710  

to +180 

231 

166 

1127 

547 

202 

168 

8075 

8741 

2274 

1213 

900 

700 

92 

160 

22 

23.8 

5.2 

4.9 

23.5 

24.6 

5.8 

5.9 

-180  

to +125 

245 

136 

1282 

447 

202 

166 

11045 

11561 

2219 

90.30 

900 

600 

114 

133 

22 

23.8 

5.2 

4.9 

23.5 

24.6 

5.9 

5.9 

-125 

 to +75 

296 

143 

1629 

424 

201 

168 

14083 

15050 

2557 

1089 

1000 

700 

101 

162 

22 

23.8 

5.2 

4.9 

23.5 

24.7 

6 

6 

-75 

 to +45 

188 

368 

939 

1838 

172 

218 

17346 

17907 

1649 

3709 

700 

900 

84 

120 

24.1 

23.8 

5 

4.9 

24.4 

24.5 

6.1 

5.3 

 

 

 

 

Inside 

 the halo 

 

 

 

KP12/13 

 From 

Kantienpan 

 

-45 

 

159 

149 

702 

524 

168 

174 

22252 

24030 

3576 

3105 

700 

700 

104 

127 

24.1 

23.8 

5 

4.9 

24.1 

24.7 

6 

6.3 

Background Blank 

 

 183 

117 

922 

501 

173 

176 

215 

296 

507 

311 

600 

700 

135 

110 

23.8 

23.8 

4.91 

4.91 

24.9 

24.8 

5.11 

4.95 

 
1. The temperature and pH of NH4NO3   
2. The temperature and pH of the solution at the end of shacking time 
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Table D.2: Results of statistical analysis on duplicate samples and the null hypothesis (0.2 M NH4NO3 

solution, 30 min shacking time, n=16) 

Elements Slope H0=0  

(Pr> | t |) 

Intercept H0=0 

(Pr> | t |) 

Correlation 

coefficient 

Cu 0.02 0.9278 747 0.0025 0.05 

Zn 0.04 0.8630 180 0.0003 0.02 

Pb -0.19 0.5236 213 0.0008 -0.17 

Ba 0.92 <0.0001 363 0.5316 0.99 

Mn 0.73 <0.0001 513 0.0823 0.89 

Fe -0.01 0.7858 1281 0.0476 -0.07 

Cd 0.34 0.2045 45 0.1766 0.34 

 
 

D.1.2. NH4OAC  extraction  
The second solution tested for its ability to remove weakly-bound cations of the 

elements of interest from the sand, is 1 M NH4OAC solution. For this, 45 ml of this 

solution is added to a plastic container with 2.5 grams of the sand sample. This 

container is shaken for 30, 60 and 120-minutes. Two blank samples, contain only the 

reagents, were also shaken for 120-minutes as references samples.  
 

The results of ICP-MS analyses of these samples and their duplicates are given in 

Table D.3. Again, Ba and Mn are concentration show the lowest contents in the 

reagents. The finest sample fraction (-75μ) returned the highest contents, and samples 

from within the halo have higher element concentrations. 
 

The statistical validation for duplicate samples is summarized in Table D.4. The slope 

of the regression line between the duplicate analyses is close to one for Ba and Mn. 

Inaccuracy in the intercept is probably caused by the small number of duplicate pairs. 

The null hypothesis (H0=0) that the slope equal to null is only rejected for Ba and Mn, 

(probability values < 0.0001).  This is confirmed by the high correlation coefficients 

determined for Ba and Mn.  
 

Inspection of the data reveals that the repeatability of both low and high 

concentrations is poor.  
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Table D.3: ICP-MS analytical results of sand samples (2.5 gram sample + 45 ml of 1 M NH4OAC solution, 

different shacking times) 

 
<75-45μ fraction 

Shacking Cu Zn Pb Ba Mn PH1 of T (0C)1 PH2 of T (0C)2 Location Sample No 
Time (ppb) (ppb) (ppb) (ppb) (ppb) Extract. Extract. Solution Solution

 
351 752 56 19721 2912 7.2 22.3 7.2 22 

30 
 

 
313 787 74 20772 3395 7.2 22.3 7.2 22 

 
304 590 54 21181 3470 7.2 22.3 7.2 22.1 

60 
 

 
517 1264 63 21807 4750 7.2 22.3 7.1 22.3 

 
308 479 77 24457 3517 7.2 22.3 7.2 22.4 

Outside the 
 halo 

  
  
  
  

T2/290N 
 
 
 
 
 

120 
 

 
297 760 31 21058 3710 7.2 22.3 7.3 22.3 

 
320 846 50 39704 3474 7.2 22.3 7.2 21.6 

30 
 

 
329 1008 76 38954 4140 7.2 22.3 7.2 21.9 

 
356 972 68 40115 4262 7.2 22.3 7.21 21.9 

68 
 

 
342 630 68 41584 4349 7.2 22.3 7.21 21.8 

 
432 1494 97 41260 4106 7.2 22.3 7.1 22.2 

Inside the 
 halo 

  
  

  
  

KP12/14 
 
 
 
 
 

125 
 

 
326 792 13 40099 4455 7.2 22.3 7.2 21.7 

 
<710-180 μ fraction 

 
265 918 65 6991 1546 7.2 22.3 7 21.9 

30 
 

 
257 504 45 8383 1624 7.2 22.3 7.2 21.9 

 
236 486 22 6228 1562 7.2 22.3 7.2 21.8 

60 
 

 
245 612 65 6561 1823 7.2 22.3 7.1 22.1 

 
241 342 70 6926 1991 7.2 22.3 7.2 22.2 

Outside the 
 halo 

  
  
  
  

T2/290N 
 
 
 
 
 

120 
 

 
265 1044 38 6755 1867 7.2 22.3 7.1 22.3 

 
241 378 94 11844 1472 7.2 22.3 7.2 21.5 

30 
 

 
254 774 79 12033 1561 7.2 22.3 7.2 21.7 

 
263 594 112 13057 3706 7.2 22.3 7.2 21.7 

68 
 

 
319 1602 97 12524 3274 7.2 22.3 7.2 21.7 

 
277 810 135 12874 2106 7.2 22.3 7.2 21.9 

Inside the  
halo 

  
  
  
  

KP12/14 
 
 
 
 
 

125 
 

274 
 

522 
 

83 
 

11930 
 

1908 
 

7.2 
 

22.3 
 

7.2 
 

22.9 
 

 
265 918 65 6991 1546 7.2 22.3 7 21.9 

Background 
 

 Blank 
 

120 
 

 
257 504 45 8383 1624 7.2 22.3 7.2 21.9 

 
1. The temperature and pH of NH4OAC 
2. The temperature and pH of the solution at the end of shacking time 
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Table D.4: Results of statistical analysis on duplicate samples and null hypothesis (1 M NH4OAC solution, 
different shacking time, n=13) 

Elements Slope H0=0  

(Pr> | t |) 

Intercept H0=0 

(Pr> | t |) 

Correlation 

coefficient 

Cu 0.32 0.1754 198 0.0159 -0.30 

Zn -0.29 0.3221 975 0.0022 0.40 

Pb 0.20 0.6006 62 0.0215 0.16 

Ba 1.01 <0.0001 -267 0.7167 0.99 

Mn 0.80 <0.0001 362 0.2102 0.94 

 

Using different shaking times for extracting the cations of interest did not result in 

any meaningful improvement of the results. 

 
 

D.1.3. NH4EDTA extraction  
A 0.02 M NH4EDTA solution may also be used to remove weakly bound cations of 

the elements of interest from the finest parts of sand (here -75μ). 50 ml of this 

solution was added to a plastic container, with 2 grams of the sand sample. These 

different duplicates were shaken for 30, 60, 120 and 240-minutes. Two blank 

samples, with 50 ml of 0.02 M NH4EDTA solution, were also shaken for 240-

minutes.  
 

The solution was analyzed by ICP-MS (Table D.5). The blank 0.02 M NH4EDTA 

solution contains low contents of Cu, Zn, Pb, Mn and Ba (see the blank sample 

contents in Table D.5). Samples from within the halo (KP12/13) have significantly 

higher element contents than the samples from outside the halo (KP12/2).  
 

The results of the statistical validation are summarized in Table D.6. The slopes of the 

regression lines between duplicate analyses are in all cases close to one. The 

hypothesis that there is no correlation can be rejected with probability values of less 

than 0.0005. This is confirmed by the high correlation coefficients. Inaccuracy in the 

intercept is probably caused by the small number of duplicate pairs. Inspection of the 

data reveals that the repeatability of high concentrations is poorer than that of lower 

concentrations. The numbers of duplicate pairs are too small to infer anything from 

the differences between the elements. 
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Table D.5: ICP-MS analytical results of sand samples (2 gram sample + 50 ml of 0.02 M NH4EDTA 

solution, different shacking times) 

 
<75-45u fraction 

 
Shacking Cu Zn Pb Ba Mn PH1 T (0C)1 PH2 T (0C)2 

Location Sample No 

 
Time (ppb) (ppb) (ppb) (ppb) (ppb) Extract. Extract. Solution Solution 

 
2270 3858 1770 19840 65913 4.49 22.4 4.14 22.6 

30 
 

 
2833 4200 1965 18535 58348 4.49 22.4 4.16 24.3 

 
2570 3748 1843 21578 66305 4.49 22.4 4.16 22.9 

75 
 

 
2690 4675 2450 19495 54878 4.49 22.4 4.12 24.4 

 
2955 4588 2530 24248 71298 4.49 22.4 4.16 22.8 

125 
 

 
2848 4468 2350 20380 55583 4.49 22.4 4.18 24.6 

 
3145 4845 2908 23175 54425 4.49 22.4 4.2 23 

Outside the 
halo 

  
  
  

  
  
  

KP12/2 
 
 
 
 
 
 
 
 

240 
 

 
3230 6180 2863 21970 55153 4.49 22.4 4.24 24.5 

 
3853 6023 3923 32665 68833 4.5 24 4.11 24.4 

30 
 

 
4553 6160 4505 34830 79068 4.5 24 4.13 24.8 

 
4103 6225 4805 34370 74235 4.5 24 4.11 24.6 

60 
 

 
4703 6395 5135 34420 79970 4.5 24 4.15 24.5 

 
5390 8563 4813 34355 86328 4.5 24 4.11 24.9 

120 
 

 
4825 7625 5355 34900 81153 4.5 24 4.11 24.9 

 
6758 8743 7255 43313 97883 4.5 24 4.17 24.4 

Inside the 
halo 

  
  
  

  
  
  

KP12/13 
 
 
 
 
 
 
 

180 
 

 
5100 7175 5735 36488 79765 4.5 24 4.18 24.3 

 
439 1645 175 618 2148 4.49 22.4 4.5 24.9 

Background 
 

  
Blank 

 
240 

 
 

361 1839 163 410 1046 4.49 22.4 4.5 25.1 
 
1. The temperature and pH of NH4EDTA   
2. The temperature and pH of the solution at the end of shacking time 
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Table D.6: Results of statistical analysis on duplicate samples and null hypothesis (1 M NH4EDTA 

solution, different shacking time, n=9) 

Elements Slope H0=0  

(Pr> | t |) 

Intercept H0=0 

(Pr> | t |) 

Correlation 

coefficient 

Cu 1.12 0.0004 -366 0.5971 0.94 

Zn 1.20 0.0002 -1150 0.2674 0.92 

Pb 1.07 <0.0001 -280 0.5906 0.95 

Ba 1.01 0.0002 1200 0.6151 0.98 

Mn 0.99 <0.0001 5504 0.5709 0.93 

 

In Figure D.1, variations in the concentrations of Zn, Cu and Pb following different 

shacking times are shown. Zn (Fig. D.1, A and C) shows an optimum time of 180 

minutes for both samples from within and outside of the halo. Cu (Fig. D.1B) and Pb 

(Fig. D.1 E) shows the same optimum times for samples outside the halo.  For 

samples from within the halo, Cu (Fig. D.1 D) shows an increasing trend, whereas Pb 

(Fig. D.1 F) shows two increases, one from 30 to 60 and the other from 120 minutes. 

The latter may suggest that after this shaking time, another phase hosting Pb may 

begin to be leached. Based on Figures D.1, NH4EDTA could be used as a solution for 

the extraction of mobile metal ions with a shaking time of 180-minutes. 
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Figure D.1: Optimization of the shacking times and concentrations for Zn (A and C), Cu (B and D) and Pb 

(E and F) within and outside of the halo, NH4EDTA method 
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D.1.4. Ca (H2PO4) 2 extraction  
A 0.02 M Ca (H2PO4) 2 solution is used to remove S that is weakly bound to the sand. 

50 ml of this solution was added to a plastic container (100 ml), with 5 grams of the   

-75 μ of the sand sample. The container is shaken for 120-minutes. Two blank 

samples were also shaken for 120-minutes.  
 

The solution together with the blank samples was analyzed by ICP-MS (Table D.7). 

The S content in the reagents is lower than that of the sample solutions. Based on this 

table, samples within the halo show high contents of S when compared to the rest of 

the samples.  

 

The results of the statistical calculations of duplicate samples are summarized in 

Table D.8. The slope of the regression lines between duplicate analyses is close to the 

ideal slope of one. The hypothesis that there is no correlation is rejected, with 

probability values of < 0.0001. This is confirmed by the good correlation coefficients 

determined. Inaccuracy in the intercept is probably caused by the small number of 

duplicate pairs. Inspection of the data reveals that the repeatability of high 

concentrations is poorer than that of lower values.  
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Table D.7: ICP-MS analytical results of sand samples for sulphur (5 grams sample + 50 ml of 0.02 M Ca 

(H2PO4) 2 solution, 120-minute shacking times) 

 
<75μ fraction 

Location Sample No Sulphur (mg/l)
 
 

S (ppb) 
 
 

PH1 
Extract.

 

T (0C)1

Extract.
 

PH2 
Solution 

 

T (0C)2 
Solution 

 

Outside the 
halo 

KP12/3 
 

 
0.84 
1.44 

8400 
14400 

3.3 
3.3 

25 
25   

Inside the 
halo 

KP12/12 
 

 
0.87 
0.8 

8700 
8000 

3.3 
3.3 

25 
25 

4.6 
4.6 

25 
25 

Inside the  
halo 

KP12/13 
 

 
0.84 
0.95 

8400 
9500 

3.3 
3.3 

25 
25   

Inside the 
halo 

KP12/14 
 

 
0.82 
1.04 

8200 
10400 

3.3 
3.3 

25 
25   

Inside the  
halo 

KP12/15 
 

 
0.78 
0.83 

7800 
8300 

3.3 
3.3 

25 
25 

4.2 
4.2 

25 
25 

Outside the 
halo 

KP12/19 
 

 
0.78 
0.98 

7800 
9800 

3.3 
3.3 

25 
25 

3.9 
3.9 

25 
25 

Background 
 

Blank 

 
0.59 

0.571 
5900 
5710 

3.4 
3.4 

25.9 
25.9 

3.1 
2.9 

25.1 
24.7 

Inside the  
halo 

KP12/1 
 

 
1.291 
1.564 

12910 
15640     

Inside the 
halo 

KP12/7 
 

 
1.016 
1.137 

10160 
11370     

Inside the 
halo 

KP12/10 
 

 
6.085 
6.636 

60850 
66360     

Inside the 
halo 

KP12/18 
 

 
1.581 
1.658 

15810 
16580     

Background 
Blank 

 

 
0.699 
0.680 

6990 
6800     

 
1. The temperature and pH of Ca (H2PO4) 2 
2. The temperature and pH of the solution at the end of shacking time 

 

Table D.8: Results of statistical analysis on duplicate samples and null hypothesis (0.02 M Ca (H2PO4) 2 

solution, different shacking times, n=12) 

Elements Slope H0=0  

(Pr> | t |) 

Intercept H0=0 

(Pr> | t |) 

Correlation 

coefficient 

S 0.92 <0.0001 -460 0.52 0.99 

 

To optimize the shaking times, one sample within the halo at Kantienpan (KP12/13) 

was analyzed at different shaking times (Table D.9) and the variation of S versus 

shaking times shown in Figure D.2.  S contents increase until it reaches a peak (~ 
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12400 ppb) after 60-minutes of shaking, then decreases to 11300 ppb for a shaking 

time of 120-minute. The error calculated for duplicate pairs of sulphur analyses 

amounts to 6.7%. The difference observed between a shaking period of 60 minutes 

and 120 minutes approximates the same amount and it was decided to use a 120 

minutes period for the routine sample preparation.  
 

Table D.9: ICP-MS analytical results of sand samples for S for different shacking times (5 gram sample + 

50 ml of 0.02 M Ca (H2PO4) 2 solution) 

Location Sample No Shaking Time 
(Minute) 

 
S (ppb)

 

KP12/13/1 
 

 
20 
20 

8721 
12880

KP12/13/2 
 

 
40 
40 

11143 
12368

 
KP12/13/3 

 
60 
60 

12344 
9545 

Inside 
of 
the 
halo 

 
 
 KP12/13/4 

 
120 
120 

11316 
11173

Blank 
 

Background
 

 
120 
120 

5888 
5706 

 

 
Figure D.2: Optimization of the shacking times and concentrations of S for sample from inside of the 

halo, Ca (H2PO4) 2 method. 
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D.1.5. XRF total analyses 
The samples colleted from two regolith sampling traverses, one from Kantienpan 

(KP12) and the other from Areachap (T2), were analyzed by x-ray fluorescence 

spectroscopy (XRF) to compare the results with those from the partial extraction 

methods. The same sample preparation and anlytical method (XRF) as the one used 

for whole rock sample analyses was used for the analyses of regolith samples except 

that only pressed powder pellets were analyzed. The analytical results are presented 

in Tables D. 10 and D.11. Note that the major element concentrations in these 

samples are semi-quantitative in nature.  
 
 

Table D.10: XRF analytical results of regolith sampling traverse KP12 for the <75 μ size fraction  
 % ppm 
 

Sample No. MnO Cu Zn Pb S Rb Sr Cl Co Sc V As Ga Mo Nb Ni Th U Y Zr Cr
 

KP 12/1 0.08 22 98 9 128 90 124 67 24 17 106 7 14 1 18 29 18 3 41 986 48 
 

KP 12/2 0.09 22 94 15 38 97 116 244 27 20 126 11 14 1 19 32 22 3 43 989 70 
 

KP 12/3 0.09 22 91 16 16 101 112 12 26 20 113 4 14 1 18 32 20 3 43 876 48 
 

KP 12/4 0.10 24 96 13 16 102 109 8 30 24 117 11 16 1 18 34 19 3 44 851 64 
 

KP 12/5 0.09 27 94 15 16 101 115 74 28 23 116 12 14 1 17 31 20 3 43 920 47 
 

KP 12/6 0.09 29 90 13 16 101 109 55 27 22 116 8 15 1 19 32 20 3 46 929 55 
 

KP 12/7 0.11 27 103 17 16 109 102 43 32 24 122 11 16 1 19 35 19 3 45 833 71 
 

KP 12/8 0.09 23 97 14 16 99 111 8 28 21 115 9 14 1 19 32 21 3 46 1044 55 
 

KP 12/9 0.12 33 120 20 66 124 89 183 38 28 130 10 17 1 17 44 22 3 45 564 75 
 

KP 12/10 0.09 20 99 13 204 95 118 115 25 19 114 11 13 1 18 29 21 3 42 1036 35 
 

KP 12/11 0.09 21 113 14 16 97 114 21 28 20 117 10 14 1 19 30 22 3 46 1113 57 
 

KP 12/12 0.12 31 138 18 16 111 103 50 35 26 128 9 18 1 19 37 21 3 46 783 68 
 

KP 12/13 0.07 13 86 21 56 96 89 182 31 89 98 12 9 1 12 20 11 3 19 274 10 
 

KP 12/14 0.10 26 133 22 16 103 103 104 28 22 121 10 14 1 19 33 17 3 44 895 68 
 

KP 12/15 0.10 29 135 16 16 109 103 39 32 25 127 9 17 1 20 36 20 3 49 969 76 
 

KP 12/16 0.10 28 127 16 16 110 101 23 32 26 122 9 16 1 20 35 23 3 44 804 59 
 

KP 12/17 0.12 30 131 22 81 111 100 142 34 25 122 9 17 1 19 38 22 3 43 837 66 
 

KP 12/18 0.09 24 106 15 16 102 105 85 30 23 120 13 15 1 21 37 20 3 49 1047 80 
 

KP 12/19 0.10 25 102 15 16 111 101 8 30 26 118 13 16 1 19 35 22 3 44 819 66 
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Table D.11: XRF analytical results of regolith sampling traverse T2 for the <75 μ finest size fraction  
 % ppm 
 

Sample No. MnO Cu Zn Pb Fe2O3 S Rb Sr Cl Co Sc V As Ga Mo Nb Ni Th U Y Zr Cr 
 

T2/390N 0.07 21 65 18 5.30 40 86 124 8 16 13 111 8 12 1 23 23 16 5 55 1413 137 
 

T2/290N 0.09 29 83 23 5.87 185 97 113 8 21 17 108 3 14 1 21 30 12 4 45 976 138 
 

T2/190N 0.08 26 79 19 5.60 124 89 121 8 18 14 111 8 14 1 23 27 16 4 53 1318 135 
 

T2/140N 0.06 25 67 22 5.24 71 82 123 8 15 13 109 7 14 1 24 24 18 5 54 1494 128 
 

T2/90NB 0.06 24 70 20 5.20 20 82 124 8 14 11 106 3 13 1 24 22 17 5 53 1539 134 
 

T2/90NA 0.08 29 85 19 5.55 109 86 120 40 18 14 110 16 15 1 24 24 17 4 53 1387 130 
 

T2/50N 0.06 29 86 21 5.04 78 82 122 8 14 13 100 3 13 1 23 21 15 3 51 1345 122 
 

T2/30N 0.10 86 174 53 6.55 1895 93 114 8 24 17 114 12 16 1 20 29 15 3 49 1038 142 
 

T2/20N 0.09 45 119 26 6.04 369 88 121 8 21 16 117 6 15 1 23 27 17 5 54 1300 138 
 

T2/10N 0.08 38 103 27 5.68 337 84 123 8 20 13 112 3 14 1 24 25 18 5 58 1551 136 
 

T2/0 (T3/240) 0.12 56 143 31 6.70 403 98 120 8 26 17 119 3 17 1 18 34 11 3 43 711 135 
 

T2/10S 0.09 57 154 29 6.04 569 90 118 8 22 16 108 3 15 1 21 28 15 3 49 1092 144 
 

T2/20S 0.08 43 99 26 5.74 332 88 117 8 18 16 112 3 14 1 23 26 16 4 51 1339 136 
 

T2/40S 0.08 43 90 28 5.89 304 85 122 8 20 15 117 6 13 1 25 25 19 5 57 1560 149 
 

T2/60S 0.07 39 84 22 5.55 228 84 121 8 17 13 112 16 13 1 25 25 18 6 57 1662 142 
 

T2/80S 0.07 31 73 21 5.33 172 85 123 8 16 13 107 8 12 1 24 23 18 4 53 1496 131 
 

T2/100S 0.06 29 71 21 5.38 93 86 125 8 16 12 110 3 14 1 24 22 17 5 57 1549 134 
 

T2/150S 0.06 24 65 18 4.98 59 82 122 8 15 11 102 8 12 1 23 22 15 4 54 1438 114 
 

T2/200S 0.06 25 66 21 4.95 69 82 125 8 14 12 104 3 12 1 22 22 14 4 52 1364 116 
 

T2/300S 0.08 29 79 21 5.86 69 90 123 8 19 14 119 8 15 1 24 27 17 5 56 1393 139 
 

T2/350S 0.07 25 93 22 5.57 53 89 122 8 17 13 117 8 13 1 24 26 17 5 57 1468 137 
 

T2/190N 0.08 28 81 22 5.61 106 89 120 8 20 14 112 3 14 1 23 27 15 3 50 1235 129 
 

T2/30N 0.10 86 175 49 6.66 1885 94 115 8 25 17 113 8 16 1 20 29 14 3 47 1017 138 
 

T2/10S 0.09 59 152 30 6.05 576 87 117 8 22 15 109 5 15 1 21 29 13 4 48 1057 130 
 

T2/300S 0.08 29 79 22 5.85 71 93 125 8 20 15 120 3 16 1 24 27 17 4 55 1381 134 
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D.1.6. Regolith data set of the Kantienpan traverses 
 

Table D.12: ICP-MS results of regolith sampling traverse KP12 (0.02 M Ca (H2PO4) 2 solutions for S, 
shaking time: 120-minutes, and 0.02 M NH4EDTA solutions for the rest of the elements shaking time 180-

minutes) 
Cu Zn Pb Ba Mn S (mg/l) S (mg S/Kg soil) Sample No. 

 
Sample interval (m)

 (ppb) (ppb) (ppb) (ppb) (ppb) (Duplicate) (ppm) 
 

4712 6931 29984 20101 79674 1.291 13 
 

KP12/1 
 
 

0 
 
 

 
4267 6245 3024 19272 66012 1.564 16 

KP12/2 20 
 

3230 6181 2861 21967 55153 0.972 10 

KP12/3 40 
 

2716 2329 28720 22064 83073 0.84 8 

KP12/4 60 
 

3517 2866 28905 21923 98921 0.832 8 
 

3609 2151 8424 26216 105322 1.186 12 KP12/5 
 
 

80 
 
 

 
3449 2176 3578 23697 80709 - - 

KP12/6 100 
 

2190 1351 5416 18605 101596 1.24 12 

KP12/7 120 
 

3611 5527 7474 27026 143786 1.016(1.137) 10(11) 

KP12/8 140 
 

2519 3294 120681 22117 104948 0.963 10 

KP12/9 150 
 

4754 4216 7807 29775 138939 18.43 184 
 

2910 4959 3431 22779 102246 6.085 61 KP12/10 
 
 

160 
 
 

 
2699 3592 2785 20010 69948 6.636 66 

KP12/11 170 
 

2421 3448 3656 26426 102942 1.018 10 

KP12/12 180 
 

5477 6486 5761 46845 142653 1.44 14 

KP12/13 190 
 

5100 7175 5736 36488 79764 0.87 9 

KP12/14 200 
 

3258 9552 4240 23363 193172 0.8 8 
 

4282 6501 5862 38136 132096 0.84 8 
 

KP12/15 
 
 

210 
 
 

 
4443 6864 4931 32897 93406 - - 

KP12/16 220 
 

3382 4693 5660 34671 133881 2.067 21 

KP12/17 240 
 

4274 6606 5831 33177 113758 8.594 86 

KP12/18 260 
 

3309 3962 3995 28089 85337 1.581(1.658) 16(17) 

KP12/19 300 
 

3409 2938 4290 31478 87442 0.78 78 

Blank   
 

68 218 84 266 2144 0.699(0.68) 7(7) 

 
 
 
 
 
 
 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  GGhhaavvaammii--RRiiaabbii,,  RR    ((22000077))  



 

 276

Table D.13: ICP-MS results of regolith sampling traverse KP5 (0.02 M NH4EDTA solutions for Cu, Zn, 
Pb, Ba, Mn and Fe, shaking time: 180-minutes) 

 
Cu Zn Pb Ba Mn Fe Sample No. 

 
 

Sample interval  
(m) 

 
 

(ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
 

4838 3030 2089 16784 211 132 KP5/1 
 
 

0 
 
 

 
4072 2419 2593 16518 213 136 

KP5/2 20 
 

4201 5121 2140 19209 199 88 

KP5/3 40 
 

3805 3812 1727 17006 187 86 

KP5/4 60 
 

3594 3820 2503 21121 246 155 
 

3526 4581 2942 20802 231 123 KP5/5 
 
 

70 
 
 

 
3591 4584 1898 21063 229 121 

KP5/6 80 
 

6897 11078 3075 28241 379 150 

KP5/7 90 
 

3880 5654 2270 21546 220 96 

KP5/8 100 
 

3658 5086 2351 20143 167 107 

KP5/9 110 
 

4603 6014 2275 20320 185 102 
 

4342 5654 2602 18084 173 103 KP5/10 
 
 

120 
 
 

 
4169 5798 2669 17521 177 103 

KP5/11 130 
 

4672 5177 2886 19588 232 112 

KP5/12 140 
 

4688 5858 2851 21543 212 114 

KP5/13 160 
 

3703 5153 2935 20782 219 127 

KP5/14 180 
 

2413 4200 2667 17849 211 112 
 

3253 5549 3532 22430 236 142 KP5/15 
 
 

200 
 
 

 
3318 5710 3185 21832 233 138 

KP5/16 220 
 

4487 4892 3413 23608 354 147 

KP5/17 240 
 

3784 2709 3594 21388 255 133 
 

3409 4096 3274 20775 292 160 KP5/18 
 
 

270 
 
 

 
3458 4007 3015 20499 297 153 
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Table D.14: ICP-MS results of regolith traverse KP8 (0.02 M NH4EDTA solutions for Cu, Zn, Pb, Ba, Mn 
and Fe, shaking time: 180-minutes) 

 
Cu Zn Pb Ba Mn Fe Sample No. 

 
 

Sample interval 
(m) 

 
 

(ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
 

4268 4875 1961 14271 185 84 KP8/1 
 
 

0 
 
 

 
4178 5195 1720 12916 177 79 

KP8/2 20 
 

5535 5263 3221 25316 312 145 

KP8/3 40 
 

9756 7233 4217 25787 354 92 

KP8/4 60 
 

7991 7233 3678 29336 453 149 
 

5159 6633 2042 22664 235 75 KP8/5 
 
 

80 
 
 

 
5313 8413 1941 20902 231 72 

KP8/6 100 
 

7990 11349 3503 29159 366 132 

KP8/7 120 
 

5562 10792 4164 31777 364 149 

KP8/8 140 
 

4608 7280 3400 25945 345 171 
 

3620 3391 2652 20683 252 115 KP8/9 
 
 

170 
 
 

 
3679 4379 2594 20002 260 105 

 
3004 3804 2783 17849 254 139 KP8/10 

 
 

180 
 
 

 
3060 3622 2468 16795 263 133 

KP8/11 190 
 

3548 3677 3595 21887 366 192 

KP8/12 200 
 

3152 4592 3654 20060 332 182 

KP8/13 230 
 

4552 4355 4575 22798 501 254 

KP8/14 260 
 

4665 4191 4541 25041 435 164 
 

3948 5009 2593 19193 222 110 KP8/15 
 
 

290 
 
 

 
3887 4894 2536 19148 221 112 

KP8/16 340 
 

6815 4830 2661 16571 239 142 
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Table D.15: MMI results of regolith traverses 7700NW and 7800NW for Cu and Zn (Rossouw, 2003) 
 

Regolith Traverse 7700NW Regolith Traverse 7800NW 
 

Sample No. Zn (ppb) R/R1 (B=98) Cu (ppb) R/R2 (B=16) Sample No. Zn (ppb) R/R1 (B=98) Cu (ppb) R/R2 (B=16) 
 

800 175 1.8 46.5 2.9 800 45 0.5 1.9 0.1 
 

825 260 2.7 25.9 1.6 825 135 1.4 28.6 1.8 
 

850 60 0.6 1.9 0.1 850 125 1.3 1.9 0.1 
 

875 75 0.8 1.9 0.1 875 200 2.0 41.1 2.6 
 

900 175 1.8 62.4 3.9 900 70 0.7 1.9 0.1 
 

925 100 1.0 1.9 0.1 925 300 3.1 86.5 5.4 
 

950 295 3.0 78.7 4.9 950 255 2.6 70.4 4.4 
 

975 205 2.1 62.9 3.9 975 115 1.2 1.9 0.1 
 

1000 225 2.3 45.2 2.8 1000 300 3.1 83.6 5.2 
 

1025 80 0.8 2.1 0.1 1025 540 5.5 51.5 3.2 
 

1050 270 2.8 89.1 5.6 1050 295 3.0 83 5.2 
 

1075 420 4.3 71.7 4.5 1075 370 3.8 30.2 1.9 
 

1100 160 1.6 130 8.1 1100 100 1.0 12 0.8 

1125 295 3.0 104.1 6.5 1125 5265 53.7 69 
 

4.3 

1150 75 0.8 1.9 0.1 1150 400 4.1 83.9 
 

5.2 

1175 180 1.8 111.5 7.0 1175 1980 20.2 46.2 
 

2.9 

1200 540 5.5 60.6 3.8 1200 980 10.0 269.7 
 

16.9 

1225 1380 14.1 1.9 0.1 1225 400 4.1 118.3 
 

7.4 

1250 270 2.8 120 7.5 1250 1345 13.7 99.6 
 

6.2 

1275 100 1.0 1.9 0.1 1275 430 4.4 33.9 
 

2.1 
 

1300 270 2.8 111.2 7.0 1300 955 9.7 83.7 5.2 
 

1325 520 5.3 35.3 2.2 1325 200 2.0 82.8 5.2 
 

1350 320 3.3 105.4 6.6 1350 420 4.3 78.7 4.9 
 

1375 290 3.0 67.6 4.2 1375 270 2.8 61.7 3.9 
 

1400 145 1.5 93.2 5.8 1400 300 3.1 82.9 5.2 
 

1425 220 2.2 113.7 7.1 1425 270 2.8 96.8 6.1 
 

1450 320 3.3 88.1 5.5 1450 385 3.9 89.9 5.6 
 

1475 545 5.6 23.2 1.5 1475 40 0.4 1.9 0.1 
 

1500 405 4.1 67.3 4.2 1500 340 3.5 44.1 2.8 
 
Note: R/R1=[(peak/background) Zn, Background= 98 ppb]; R/R2=[(peak/background) Cu, Background= 16 ppb] 
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D.1.7. Regolith data set of the Areachap traverses 
 
Table D.16: ICP-MS results of regolith sampling traverse T1 (0.02 M NH4EDTA solutions for Cu, Zn, Pb, Ba, Mn 

and Fe, shaking time: 180-minutes; <75μ size fraction) 
 

Sample No. Sample interval (m) Cu (ppb) Zn (ppb) Pb (ppb) Ba (ppb) Mn (ppb) Fe (ppm) 
 

647 2294 1199 8586 68531 58 T1/390N 
 
 

390 
 
 

 
636 2251 1140 8359 68084 52 

T1/290N 290 
 

1785 2312 1773 15534 122906 77 

T1/190N 190 
 

1572 3027 1572 11950 99999 64 

T1/140N 140 
 

2203 6664 2147 14419 136571 88 

T1/90N 90 
 

1471 1928 1671 10876 117036 71 

T1/70N 70 
 

1925 3465 2046 15040 125658 72 

T1/50N 50 
 

1710 3231 2127 9957 149248 94 

T1/30N 30 
 

2209 3130 1928 12460 118183 70 

T1/20N 20 
 

2813 3402 2180 12840 137797 74 

T1/10N 10 
 

2420 3907 1853 11626 118671 70 

 
 

2430 2987 2191 13908 140861 89 

T1/0 
 

2350 3991 2108 13059 142242 88 

 

0 
 
 

 
2480 4112 2261 13725 148332 87 

 
 

 
1360 2706 1708 9393 102775 68 

T1/10S 
 

1388 3132 1666 9633 105520 68 
 
 

 -10 
 
 

 
1566 3689 1750 10548 108189 74 

T1/20S -20 
 

1492 2745 1762 9438 103259 64 

T1/30S -30 
 

1490 2996 1461 8589 78532 56 

T1/50S -50 
 

1693 3420 1537 8526 90973 54 

T1/70S -70 
 

1405 2937 1541 10606 97924 60 

T1/90S -90 
 

1270 2544 1675 10283 99216 74 

T1/140S -140 
 

1812 3530 1574 9974 97244 59 

T1/190S -190 
 

1425 6016 1412 9894 78391 59 

T1/250S 
 

1720 12134 1790 8321 105853 76 

T1/250S -250 
 

1736 12269 1764 8260 104247 78 
 

74 819 17 478 1345 61 Blank 
 
   

 
47 670 <1 392 308 2 
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Table D.17: ICP-MS results of regolith sampling traverse T3 (0.02M NH4EDTA solutions for Cu, Zn, Pb, Ba, Mn 
and Fe, shaking time: 180-minutes; <75μ size fraction) 

 
Sample No. Sample interval Cu (ppb) Zn (ppb) Pb (ppb) Ba (ppb) Mn (ppb) Fe (ppm) 

 
T3/0 (T1/0) 0 2480 4112 2261 13725 148332 87 

 
T3/30 30 1704 3496 1590 10825 119164 67 

 
T3/60 60 2772 4679 1635 9908 109543 64 

 
T3/90 90 2270 4424 1592 9992 105432 62 

 
T3/120 120 3315 3845 2030 12362 133356 53 

 
T3/150 150 4038 5180 2119 12549 128565 79 

 
T3/180 180 8667 9054 3082 14858 180343 102 

 
T3/210 210 7120 10174 3378 12520 109333 62 

 
T3/240 240 14821 13789 6963 19647 351 114 
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Table D.18: ICP-MS results of regolith sampling traverse T2 (0.02M NH4EDTA solutions for Cu, Zn, Pb, Ba, Mn and 
Fe, shaking time: 180-minutes; <75μ size fraction) 

Sample No. 
 

Sample 
interval (m)  

Cu (ppb) 
 

Zn (ppb) 
 

Pb (ppb) 
 

Ba (ppb) 
 

Mn (ppb) 
 

Fe (ppm) 
 

S (mg/l) 
 

S (ppm) 
 

T2/0 (T3/240) 
 

14821 13789 6963 19647 350500 114 
 

0 
 15870 12899 5494 21585 345750 112 1.35 14 

T2/10N 
 

20715 26877 4849 21348 261750 135 
 

10 
 19484 25012 4918 20328 264000 135 1.43 14 

T2/20N 
 

2141 4197 1384 13790 154500 81 
 

20 
 1626 3638 1443 13370 145750 76 0.62 6 

T2/30N 
 

30810 28977 4281 11201 207007 152 
 

30 
 34590 33638 7327 13084 185374 157 1.13 11 

T2/50N 50 
 

3864 11272 2590 7208 44475 69 1.04 10 

T2/70N 70 
 

3472 7955 2809 10078 54697 85 0.86 9 

T2/90N 90 
 

1851 6010 2315 7558 39784 61 0.83 8 

T2/140N 140 
 

1821 5069 2360 7237 42203 64 0.93 9 

T2/190N 190 
 

2888 6051 3159 10992 66796 101 0.91 9 
 

T2/290N There was no enough sample left 0.95 10 

T2/390N 
 

2440 17236 1997 16876 191250 84 
 

390 
 2399 17294 1873 16996 188750 83 0.77 8 

 
8781 9691 4853 18491 175000 95 

T2/10S 
-10 

 9038 9744 3765 18627 173000 92 2.02 
20 

  
 

9475 10836 5434 10796 65924 94 
T2/20S 

-20  
 10808 10603 4297 11020 57963 97 

1.75 
  

18 
 

T2/40S 
 

3518 8900 2062 7548 38009 60 
 

-40 
 4342 8393 2817 8251 47603 70 1.22 12 

T2/60S -60 
 

9226 15092 3301 10788 52391 72 1.43 14 

T2/80S -80 
 

4710 9477 2864 6505 43577 75 1.25 13 

T2/100S 
 

8727 12469 3677 10351 57630 82 
 

-100 
 7849 10468 3864 9293 55527 80 0.76 8 

T2/150S -150 
 

2087 6954 2034 6893 45026 66 1.25 13 

T2/200S -200 
 

2107 4611 2422 6650 42958 59 1.48 15 

T2/300S 
 

2966 7176 2967 9865 62205 78 
 

-300 
 3086 8326 3575 9253 63899 93 0.95 10 

T2/350S 
 

11414 9726 3580 22563 242250 112 
 

-350 
 11400 9511 3334 21940 240500 112 1.36 14 
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D.2. Calcrete samples 
 
Calcrete material collected from the cover above the ore deposits contains pieces of 

gossan. To distinguish the source of the elements of interest in the calcrete samples 

analyzed by XRF, the magnetic component was separated by using a hand magnet 

followed by a Frantz isodinamic magnetic separator (a procedure explained in Fig. D.3). 

For this purpose, the whole procedure was done on sample (KP12/4), a calcrete sample 

collected from above the ore zone in the Kantienpan area. Both the magnetic and non-

magnetic parts of the sample were analyzed. The sample numbers given in brackets in 

this figure indicate those fractions that were analyzed by XRF. The results of XRF 

analysis on the magnetic and non-magnetic parts of the samples are given in Table D.18. 
 

For the other calcrete samples, the magnetic part was removed and the original and 

magnetic parts were analyzed by XRF (Tables D.19 and D.23).  
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Figure D.3: Flow chart of the separation of magnetic and non-magnetic parts of calcrete samples [(in bracket): 

sample number for XRF analysis, A: ampere]. 
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Table D.19: XRF results of the magnetic, non-magnetic and visually cleaned parts of the calcrete sample 
KPR12/4, Kantienpan (major elements: wt. %) 

 
% KPR 12/4 Non-Mag1 Non-Mag2 Non-Mag3 Mag1 Mag2 Mag3 Mag4 Mag5 
 

SiO2 * 18.43 16.84 13.84 15.56 12.67 12.71 12.42 13.79 14.69 
 

TiO2 * 0.22 0.09 0.1 0.15 0.21 0.51 1.1 0.98 0.53 
 

Al2O3 * 2.54 1.99 1.91 2.05 1.91 1.92 1.94 2.35 2.66 
 

Fe2O3 * 1.52 0.74 0.74 1 1.61 9.99 3.2 3.3 2.14 
 

MnO * 0.05 0.04 0.04 0.05 0.04 0.06 0.08 0.08 0.06 
 

MgO * 2.23 2.10 2.04 2.19 2.12 2.35 2.14 2.34 2.43 
 

CaO  
* 39.34 39.81 42.0 39.96 42.42 39.92 40.77 40.73 40.58 

 
Na2O * 0.23 0.24 0.24 0.23 0.23 0.27 0.27 0.28 0.28 

 
K2O * 0.71 0.66 0.58 0.64 0.57 0.41 0.44 0.49 0.56 

 
P2O5 * 0.17 0.21 0.11 0.22 0.11 0.09 0.09 0.12 0.17 

 
TOTAL 65.44 62.72 61.57 62.04 61.90 68.23 62.46 64.45 64.10 

 
Note: KPR12/4 is the original sample, Non-Mag: non-magnetic part of sample; Mag: magnetic part of samples. 
*: Semi-quantitative XRF powder analyses  
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Table D.19: Continued 

Trace elements (ppm) KPR 12/4 Non-Mag1 Non-Mag2 Non-Mag3 Mag1 Mag2 Mag3 Mag4 Mag5 
 

As 9 12 8 5 6 16 8 11 6 
 

Cu 20 12 8 12 5 6 11 14 13 
 

Ga 2 2 2 2 2 3 2 2 2 
 

Mo 1 1 1 1 1 1 1 1 1 
 

Nb 4 2 3 3 5 6 13 10 7 
 

Ni 6 4 4 5 4 9 5 8 9 
 

Pb 4 3 3 6 3 16 3 4 3 
 

Rb 24 20 19 20 19 16 18 18 22 
 

Sr 180 218 242 219 240 233 233 237 238 
 

Th 4 4 3 6 5 4 3 6 6 
 

U 3 3 3 3 3 3 3 3 3 
 

W * 82 156 104 68 54 6 11 19 22 
 

Y 10 8 8 9 8 9 10 16 16 
 

Zn 45 42 39 52 42 70 86 68 62 
 

Zr 85 69 73 87 76 65 94 90 92 
 

Cl * 552 528 287 486 441 172 197 174 197 
 

Co 9 9 4 2 2 31 3 5 3 
 

Cr 10 10 10 10 10 10 10 10 10 
 

F * 268 491 274 471 419 100 1452 560 651 
 

S * 513 578 363 1142 446 289 300 299 329 
 

Sc 1 1 1 1 1 1 1 1 1 
 

V 35 16 18 19 37 305 72 63 46 
 
Note: KPR12/4 is the original sample, Non-Mag: non-magnetic part of sample; Mag: magnetic part of samples. 
*: Semi-quantitative analyses  
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Table D.20: XRF results of calcrete samples and magnetic parts, Kantienpan (major elements: wt. %, A: 
ampere) 

Original 0.1A 0.3 - 0.9A Original 0.1- 0.3A 0.5- 0.9A Original 0.1 -  0.3A 0.5 - 0.9A 
 

% KPR12/1 KPR12/1 KPR12/1 KPR12/2 KPR12/2 KPR12/2 KPR12/3 KPR12/3 KPR12/3 
 

SiO2 * 14 16.78 17.82 11.79 13.58 13.06 9.44 9.81 12.08 
 

TiO2 * 0.1 0.47 0.97 0.15 0.88 0.83 0.12 0.77 0.77 
 

Al2O3 * 1.22 2.11 2.26 1.68 2.36 2.23 1.23 1.7 2.28 
 

Fe2O3 * 0.79 8.08 3.14 1.48 10.72 4.22 1.54 12.23 5.77 
 

MnO * 0.05 0.04 0.06 0.05 0.08 0.14 0.04 0.07 0.07 
 

MgO 
* 2.51 1.95 1.96 2.53 2.48 2.28 1.73 1.85 1.69 

 
CaO  

* 43.30 37.20 39.70 44.17 39.11 39.37 46.63 37.60 40.75 
 

Na2O * 0.18 0.45 0.4 0.19 0.44 0.35 0.19 0.23 0.4 
 

K2O * 0.33 0.38 0.45 0.51 0.4 0.47 0.29 0.24 0.27 
 

P2O5 * 0.11 0.11 0.12 0.18 0.16 0.16 0.08 0.07 0.06 
 

TOTAL 62.59 67.56 66.87 62.72 70.20 63.12 61.28 64.56 64.15 
 
Note: *: Semi-quantitative XRF powder analyses 
 

Table D.20: Continued 

Original 0.1 - 0.2A 0.35- 0.8A Original 0.1- 0.2A 0.4 - 0.85A 
 

% KPR12/5 KPR12/5 KPR12/5 KPR12/6 KPR12/6 KPR12/6 
 

SiO2 * 16.59 14.18 15.81 11.34 14.01 13.51 
 

TiO2 * 0.19 0.95 0.88 0.16 0.98 1.54 
 

Al2O3 * 2.42 2.36 2.86 2.01 2.75 2.87 
 

Fe2O3 * 2.31 8.36 5.46 3.05 11.91 10.54 
 

MnO * 0.05 0.08 0.1 0.06 0.09 0.15 
 

MgO 
* 2.48 2.62 2.73 1.73 1.98 1.88 

 
CaO  

* 39.72 35.85 35.81 44.35 37.23 34.84 
 

Na2O * 0.24 0.23 0.24 0.2 0.26 0.26 
 

K2O * 0.72 0.43 0.55 0.45 0.45 0.47 
 

P2O5 * 0.12 0.1 0.14 0.18 0.17 0.19 
 

TOTAL 64.84 65.15 64.58 63.52 69.82 66.25 
 

Note: *: Semi-quantitative XRF powder analyses 
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Table D.20: Continued 

Original 0.1A 0.3- 0.9A Original 0.1 - 0.3A 0.5 - 0.9A Original 0.1 - 0.3A 0.5 - 0.9A 
 

ppm KPR12/1 KPR12/1 KPR12/1 KPR12/2 KPR12/2 KPR12/2 KPR12/3 KPR12/3 KPR12/3 
 

As 12 6 6 7 6 3 6 14 3 
 

Cu 9 15 15 19 30 27 32 35 42 
 

Ga 2 5 3 2 6 2 2 3 2 
 

Mo 1 1 1 1 6 1 2 1 1 
 

Nb 3 8 10 3 17 2 2 7 2 
 

Ni 3 3 3 6 11 3 3 7 3 
 

Pb 3 4 7 5 7 7 9 8 22 
 

Rb 14 18 13 17 25 2 12 14 2 
 

Sr 154 138 134 158 182 86 207 225 123 
 

Th 7 5 3 3 15 3 3 3 3 
 

U 3 5 3 3 13 3 3 3 3 
 

W * 6 14 16 13 10 17 6 6 20 
 

Y 5 7 7 7 16 3 4 6 3 
 

Zn 40 31 36 95 118 124 117 156 107 
 

Zr 33 61 77 47 67 68 35 58 59 
 

Cl * 485 8 8 8 8 8 8 260 8 
 

Co 2 20 2 2 34 10 2 42 14 
 

Cr 10 75 44 10 118 73 10 10 52 
 

F * 635 1069 3358 290 219 2573 276 100 2184 
 

S * 532 412 418 488 555 453 601 654 849 
 

Sc 1 1 1 1 1 1 1 1 1 
 

V 26 203 51 28 282 61 28 395 94 
 
Note: *: Semi-quantitative analyses 
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Table D.20: Continued 

Original 0.1 - 0.2A 0.35 - 0.8A Original 0.1- 0.2A 0.4 - 0.85A 
 

ppm KPR12/5 KPR12/5 KPR12/5 KPR12/6 KPR12/6 KPR12/6 
 

As 8 9 14 9 10 15 
 

Cu 17 14 42 49 37 106 
 

Ga 2 2 3 2 4 2 
 

Mo 1 1 1 2 1 2 
 

Nb 4 12 11 4 8 16 
 

Ni 6 7 12 4 9 13 
 

Pb 7 4 12 4 6 19 
 

Rb 23 19 22 16 18 18 
 

Sr 251 241 234 187 170 181 
 

Th 4 7 6 3 6 6 
 

U 3 3 3 3 3 3 
 

W * 32 15 9 8 11 33 
 

Y 12 14 24 10 11 22 
 

Zn 62 100 124 210 191 409 
 

Zr 76 109 102 46 101 105 
 

Cl * 238 11 26 8 8 8 
 

Co 2 28 18 2 42 46 
 

Cr 10 10 10 10 171 10 
 

F * 256 100 189 182 100 100 
 

S * 469 398 330 495 428 702 
 

Sc 1 1 1 1 1 1 
 

V 37 234 98 60 370 201 
 

Note: *: Semi-quantitative analyses 
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Table D.21: XRF results of calcrete samples and magnetic parts, Kantienpan (major elements: wt. %, A: 
ampere) 

  
 Original 0.1 - 0.3A 0.5 - 0.9A   Original 0.1A 0.3-0.9A 

 
% Vcal2 Vcal2 Vcal2   Vcal3 Vcal3 Vcal3 
 

SiO2 * 18.19 17.47 15.04   12.87 22.26 19.11 
 

TiO2 * 0.16 0.88 0.62   0.17 0.8 0.98 
 

Al2O3 * 2.52 2.57 2.33   1.82 5.19 3.48 
 

Fe2O3 * 1.14 10.21 2.5   1.42 15.44 4.9 
 

MnO * 0.04 0.08 0.04   0.05 0.16 0.16 
 

MgO  * 3.13 3.43 2.51   3.13 4.36 4.37 
 

CaO  
* 38.99 36.53 37.06   42.66 27.71 34.09 

 
Na2O * 0.32 0.32 0.45   0.18 0.79 0.45 

 
K2O * 0.54 0.39 0.37   0.39 0.51 0.49 

 
P2O5 * 0.14 0.1 0.07   0.13 0.33 0.29 

 
TOTAL  65.17 71.99 60.99   62.82 77.56 68.33 

 
Note: *: Semi-quantitative XRF powder analyses 
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Table D.21: Continued 

  
 Original 0.1 - 0.3A 0.5 - 0.9A   Original 0.1A 0.3-0.9A 

 
ppm Vcal2 Vcal2 Vcal2   Vcal3 Vcal3 Vcal3 

 
As 9 7 4   6 22 5 

 
Cu 2 2 12   2 7 10 

 
Ga 2 4 3   2 8 4 

 
Mo 1 1 1   1 2 1 

 
Nb 3 8 2   4 5 9 

 
Ni 6 10 3   6 21 15 

 
Pb 3 3 4   3 4 3 

 
Rb 18 17 2   16 31 25 

 
Sr 149 144 96   236 366 364 

 
Th 3 7 3   4 5 3 

 
U 3 3 3   3 3 3 
 

W * 44 14 25   9 12 14 
 

Y 8 10 3   8 27 22 
 

Zn 29 43 26   30 101 76 
 

Zr 66 93 62   41 71 85 
 

Cl * 102 8 8   8 363 305 
 

Co 2 35 2   2 73 28 
 

Cr 10 10 37   10 17 10 
 

F * 100 100 3110   366 100 340 
 

S * 294 258 200   231 359 338 
 

Sc 1 1 1   1 1 1 
 

V 24 275 20   41 502 103 
 

Note: *: Semi-quantitative analyses 
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Table D.22: XRF results of calcrete samples and magnetic parts, Areachap (major elements: wt. %, A: 
ampere, Sample set Calc1) 

  
 Original <0.9 A >0.9A   Original 0.1 – 1.7A   Original 0.1 – 1.7A 

 
% Calc1-1 Calc1-1 Calc1-1 Calc1-2 Calc1-2 Calc1-3 Calc1-3 

 
Depth of sample: 6 m   Depth of sample: 3 m   Depth of sample: surface 

 
SiO2 * 26.52 47.61 35.41   19.83 30.80   10.01 20.11 

 
TiO2 * 0.26 0.60 0.46   0.17 0.38   0.15 1.22 

 
Al2O3 * 6.24 16.57 9.31   4.01 7.62   1.43 4.24 

 
Fe2O3 * 4.77 16.60 6.78   2.70 8.18   0.91 6.44 

 
MnO * 0.12 0.23 0.17   0.05 0.07   0.05 0.10 

 
MgO  * 2.37 4.42 3.62   1.99 2.54   1.40 2.13 

 
CaO  

* 30.79 12.26 25.39   40.31 28.54   46.67 36.68 
 

Na2O * 0.11 0.05 0.05   0.09 0.05   0.14 0.37 
 

K2O * 1.00 1.93 1.52   0.62 1.13   0.25 0.56 
 

P2O5 * 0.06 0.05 0.05   0.03 0.03   0.03 0.06 
 

TOTAL  72.23 100.31 82.75   69.80 79.34   61.05 71.92 

      
Note: *: Semi-quantitative XRF powder analyses 
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Table D.22: Continued 

 
  Original <0.9 A >0.9A   Original 0.1 – 1.7A   Original 0.1 – 1.7A 

 
% Calc1-1 Calc1-1 Calc1-1 Calc1-2 Calc1-2 calc1-3 Calc1-3 

 
Depth of sample: 6 m   Depth of sample: 3 m   Depth of sample: surface 

 
As 11 9 4   10 5   5 6 

 
Cu 761 1998 1148   152 439   52 88 

 
Ga 8 31 14   2 12   2 2 

 
Mo 1 6 2   1 1   1 1 

 
Nb 4 9 9   3 2   2 2 

 
Ni 7 22 13   4 6   3 8 

 
Pb 5 37 21   3 12   3 5 

 
Rb 30 58 50   20 28   14 2 

 
Sr 118 83 122   55 38   114 43 

 
Th 3 7 6   3 3   4 3 

 
U 3 3 3   3 3   3 3 
 

W * 19 9 6   12 25   14 6 
 

Y 18 37 23   8 18   10 3 
 

Zn 527 1117 570   163 400   36 59 
 

Zr 98 147 121   45 93   70 92 
 

Cl * 648 157 202   144 8   8 8 
 

Co 16 85 28   2 35   2 21 
 

Cr 10 111 77   10 90   10 199 
 

F * 301 100 1849   508 846   177 1738 
 

S * 1332 141 231   148 81   229 386 
 

Sc 1 1 1   1 1   1 1 
 

V 85 264 110   46 94   19 114 

 
      Note: *: Semi-quantitative analyses 
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Table D.23: XRF results of calcrete samples and magnetic parts, Areachap (major elements: wt. %, A: 
ampere, Sample set Calc2) 

 
  Original 0.1 – 1.7 A   Original <0.9 A >0.9 A   Original 
 

% Calc2-1 Calc2-1 Calc2-2 Calc2-2 Calc2-2 Calc2-3 
 
Depth of sample: 4 m   Depth of sample: 2 m   Depth of sample: surface 

 
SiO2 * 25.80 24.01   22.83 28.90 20.83   8.12 

 
TiO2 * 0.07 1.09   0.11 0.23 0.09   0.19 

 
Al2O3 * 7.29 5.59   4.06 8.72 4.29   1.68 

 
Fe2O3 * 11.36 12.40   6.24 18.45 6.05   1.41 

 
MnO * 0.08 0.08   0.07 0.08 0.07   0.05 

 
MgO  * 2.73 2.54   2.17 3.12 2.23   1.34 

 
CaO  

* 27.38 31.80   34.47 25.82 36.11   46.98 
 

Na2O * 0.05 0.21   0.10 0.05 0.10   0.19 
 

K2O * 0.58 0.49   0.48 0.64 0.52   0.33 
 

P2O5 0.05 0.05   0.04 0.03 0.04   0.09 
 

TOTAL 75.38 78.25   70.57 86.04 70.35   60.37 

       
Note: *: Semi-quantitative XRF powder analyses 
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Table D.23: Continued 

 
  Original 0.1 – 1.7 A   Original <0.9 A >0.9 A   Original 
 

ppm Calc2-1 Calc2-1 Calc2-2 Calc2-2 Calc2-2 Calc2-3 
 
Depth of sample: 4 m   Depth of sample: 2 m   Depth of sample: surface 

 
As 12 4   11 5 12   11 

 
Cu 125 61   169 335 191   159 

 
Ga 14 3   5 23 6   2 

 
Mo 2 1   1 5 1   1 

 
Nb 5 2   4 15 5   3 

 
Ni 3 3   3 13 5   3 

 
Pb 17 3   7 33 9   3 

 
Rb 22 2   18 31 20   14 

 
Sr 98 19   141 116 144   158 

 
Th 14 3   10 23 12   4 

 
U 3 3   3 12 3   3 
 

W * 57 6   28 56 32   6 
 

Y 14 3   11 26 12   9 
 

Zn 1047 176   480 1204 504   81 
 

Zr 68 65   85 73 81   145 
 

Cl * 8 8   8 8 349   40 
 

Co 78 59   33 122 33   2 
 

Cr 10 118   10 37 10   10 
 

F * 100 100   173 100 300   310 
 

S * 149 236   327 358 330   699 
 

Sc 1 1   1 1 1   1 
 

V 116 268   85 186 84   28 

 
        Note: *: Semi-quantitative analyses 
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Table D.24: Chemical composition of calcretes near the ore zone (Calc1-3 and Calc2-3) and further away 
from ore zone (Vcal2 and Vcal3) 

 
  Original Original Original Original 
 

% Calc1-3 Calc2-3 Vcal2 Vcal3 
 

SiO2 * 10.01 8.12 18.20 12.90 
 

TiO2 * 0.15 0.19 0.20 0.20 
 

Al2O3 * 1.43 1.68 2.50 1.80 
 

Fe2O3 * 0.91 1.41 1.10 1.40 
 

MnO * 0.05 0.05 0.00 0.00 
 

MgCO3  * 3.36 3.22 7.44 7.44 
 

CaCO3  
* 83.34 83.89 69.64 76.25 

 
Na2O * 0.14 0.19 0.30 0.20 

 
K2O * 0.25 0.33 0.50 0.40 

 
P2O5 * 0.03 0.09 0.10 0.10 

 
TOTAL  99.67 99.17 99.98 100.69 

                                                     
Note: *: Semi-quantitative XRF powder analyses 
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Table D.24: Continued 
 
  Original Original Original Original 
 

ppm calc1-3 Calc2-3 Vcal2 Vcal3 
 

As 5 11 9 6 
 

Cu 52 159 2 2 
 

Ga 2 2 2 2 
 

Mo 1 1 1 1 
 

Nb 2 3 3 3.7 
 

Ni 3 3 6 6 
 

Pb 3 3 3 3 
 

Rb 14 14 18 16 
 

Sr 114 158 149 236 
 

Th 4 4 3 3.5 
 

U 3 3 3 3 
 

W * 14 6 44 9 
 

Y 10 9 8 8 
 

Zn 36 81 29 30 
 

Zr 70 145 66 41 
 

Cl * 8 40 102 8 
 

Co 2 2 2 2 
 

Cr 10 10 10 10 
 

F * 177 310 100 366 
 

S * 229 699 294 231 
 

Sc 1 1 <1 <1 
 

V 19 28 24 41 
                                                     

Note: *: Semi-quantitative analyses 
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Table D.25: Chemical composition of magnetic parts of calcretes near the ore zone (Calc1-3) and further 
away from ore zone (Vcal2 and Vcal3) (A: ampere in) 

  
 0.1 – 1.7A 0.1– 0.3A 0.5 –  0.9A 0.1A 0.3– 0.9A 

 
% Calc1-3 Vcal2 Vcal2 Vcal3 Vcal3 
 

SiO2 * 20.11 17.50 15.00 22.30 19.10 
 

TiO2 * 1.22 0.90 0.60 0.80 1.00 
 

Al2O3 * 4.24 2.60 2.30 5.20 3.50 
 

Fe2O3 * 6.44 10.20 2.50 15.40 4.90 
 

MnO * 0.10 0.10 0.00 0.20 0.20 
 

MgCO3  * 5.11 8.16 6.00 10.56 10.56 
 

CaCO3  
* 65.50 65.18 66.25 49.46 60.89 

 
Na2O * 0.37 0.30 0.50 0.80 0.40 

 
K2O * 0.56 0.40 0.40 0.50 0.50 

 
P2O5 * 0.06 0.10 0.10 0.30 0.30 

 
TOTAL 103.71 105.44 93.65 105.52 101.35 

 
Depth surface Surface Surface Surface Surface 

                                        
Note: *: Semi-quantitative XRF powder analyses 
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Table D.25: Continued 
  
 0.1 – 1.7A 0.1– 0.3A 0.5 –  0.9A 0.1A 0.3– 0.9A 

 
ppm Calc1-3 Vcal2 Vcal2 Vcal3 Vcal3 

 
As 6 7 4 22 5 

 
Cu 88 2 12 7 10 

 
Ga 2 4 3 8 4 

 
Mo 1 1 1 2 1 

 
Nb 2 8 2 5 9 

 
Ni 8 10 3 21 16 

 
Pb 5 3 4 4 3 

 
Rb 2 17 2 31 25 

 
Sr 43 144 96 366 364 

 
Th 3 7 3 5 3 

 
U 3 3 3 3 3 
 

W * 6 14 25 12 14 
 

Y 3 10 3 27 22 
 

Zn 59 43 26 101 76 
 

Zr 92 93 62 71 85 
 

Cl * 8 8 8 363 305 
 

Co 21 35 2 73 28 
 

Cr 199 10 37 17 10 
 

F * 1738 100 3109.7 100 340.3 
 

S * 386 258 200 359 338 
 

Sc 1 <1 <1 <1 <1 
 

V 114 275 20 502 103 
 

Depth surface Surface Surface Surface Surface 
                                      

  Note: *: Semi-quantitative analyses 
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Table D.26: Chemical composition of calcretes near and further away from ore zone analyzed by the XRF 
method (Vermaak, 1984). 

 
Vermaak Data set (1984) 

 
Copperton Cu-Zn deposit Areachap Cu-Zn deposit No Mineralization Major 

 
Oxides (%) 

 
Calcrete Complex samples Calcrete Complex samples Average 

 
No. of Samples 12 5 26 7 24 

 
SiO2 21.18 29.24 20.00 24.71 28.94 

 
Fe2O3 2.75 11.35 1.29 12.89 1.82 

 
MgCO3 8.81 7.20 4.83 3.35 6.06 

 
CaCO3 61.46 52.09 67.72 52.80 53.43 

 
Na2O 0.03 0.06 0.00 0.03 0.25 

 
K2O 0.25 0.27 0.29 0.39 1.30 

 
Trace elements (ppm) 

 
Sr 344 378 195 173 242 
 

V 151 628 13 101 22 
 

Cu 1850 20883 325 5945 14 
 

Zn 372 1792 140 1018 13 
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Appendix E 
 
 
 
 

Quantitative X-Ray Diffractometry (XRD) 
analyses results 

 
 
 
 
Samples for quantitative x-ray diffractometry analyses are milled in a carbon-steel 

mill and then analyzed in a Siemens D-501 instrument (Table E.1). Utilizing Bruker 

AXS Gmbh (Bruker AXS, 2003), the different mineral phases present are identified. 

This is followed by a calculation of the quantitative abundance of these minerals 

using the Rietveld method (Young, 1996). 

 
TABLE E.1: Instrument and data collection parameters 

Instrument Siemens D-501 

Radiation Cu K  (1.5418 Δ) 

Temperature 25ΕC 

Specimen flat-plate, rotating (30 RPM) 

Power Setting 40 kV, 40 mA 

Soller slits 2Ε (diffracted beam side) 

Divergence slits 1Ε 

Receiving slits 0.05Ε 

Monochromator secondary, graphite 

Detector scintillation counter 

Range of 22 5-70Ε22? 

Step width 0.04Ε 22 

Time per step 1.5s 

 
 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  GGhhaavvaammii--RRiiaabbii,,  RR    ((22000077))  



 301

 
Figure E.1: XRD result for original sample KPR12/4 

 
 
 
 

 
Figure E.2: XRD result for sample Non-Mag 1 
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Figure E.3: XRD result for sample Non-Mag 2 

 
 
 
 

 
Figure E.4: XRD result for sample Non-Mag 3 
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Figure E.5: XRD result for sample Mag 1 

 
 
 
 

 
Figure E.6: XRD result for sample Mag 2 
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Figure E.7: XRD result for sample Mag 3 

 
 
 
 

 
Figure E.8: XRD result for sample Mag 4 
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Figure E.9: XRD result for sample Mag 5 
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Appendix F 
 
 
 
 

Confidentiality agreement with Kumba 
Resources Limit 
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