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Ta e - ummary 0 SOl parameters 0 stu ly sites -
SAMPLE DESCRIPTION PARTICLE SIZE ATTERBERG LIMITS j~SITU PROPERTIES PERMEABILITY

TEST PIT and DEPTH UNIFIED SOIL % % % 0/0 LL LS PI PI Exp pH Bulk SG e K

Sample No. (m) CLASSIFICATION SYSTEM Clay Silt Sand Gravel ws density %

(U.S.C.S.) (kgImJ) (cm/s)

Study Site A

NlIl 0.20 SC-SM 13.15 23.50 62.50 0.50 18.75 2.06 5.98 4.80 low 3.06 1752.88 2.72 0.55 I x 10"

N1I2 0.40 SC 15.82 20.38 54.60 9.20 20.98 3.77 9.81 6.90 low 4.22 1816.08 2.72 0.50 I x 10"'

N1/3 1.00 SC-SM 7.51 25.49 53.00 14.00 21.01 2.79 5.94 3.85 low 6.11 - - - -
N2/2 0.35 SC 10.62 15.48 51.20 22.70 23.05 5.27 9.30 4.03 low 4.33 - - - -
N2/4 0.90 SC 8.54 21.96 57.30 12.20 26.23 5.21 8.26 3.55 low 4.36 1551.43 2.81 0.81 I x 10-

N312 0.30 SC 8.45 8.45 52.20 30.90 28.70 7.22 12.25 2.89 low 6.45 - - - -
N3/3 0.70 SC 11.31 28.39 56.00 4.30 25.69 5.58 9.34 5.11 low 6.90 - - - -
N3/4 1.00 SC 12.10 31.40 45.80 10.70 25.24 5.49 8.99 5.65 low 6.87 - - - -

Study Site B

B/l/1 0.10 CL 29.80 24.60 45.60 0.00 28.00 7.28 13.07 11.79 low 3.64 1695.54 2.48 0.46 I x 10-'

BI1/2 0.50 CL 34.68 21.82 43.50 0.00 29.32 8.18 13.01 11.73 low 3.53 1619.22 2.45 0.51 I x 10-'

B/2/1 0.30 ML 50.92 26.18 22.90 0.00 48.40 10.91 19.17 16.54 low 4.19 - - - -

B/2/2 0.50 MH 63.66 23.54 12.40 0.40 50.31 11.13 20.64 19.63 low 5.09 - - - -
B1214 2.00 MH 50.24 43.46 6.30 0.00 57.83 11.82 26.00 25.67 med 5.74 - - - -
B/3/1 0.40 CL 31.71 29.59 38.50 0.20 28.78 7.42 12.74 11.28 low 6.19 - - - -
B/3/3 1.00 CL 41.80 28.00 30.10 0.10 33.41 8.97 14.82 13.65 low 6.63 1665.46 - - -
B/3/4 1.60 SC 19.02 21.68 50.30 9.00 34.84 8.36 15.61 8.21 low 6.66 - - - -

Study Site C

C/II2 0.80 CL 46.78 28.42 24.80 0.00 32.72 8.93 15.10 14.26 low 3.95 1602.09 2.61 0.63 8 x 10-8

CI1I3 1.40 CL 28.90 32.40 38.60 0.10 38.33 8.89 18.61 14.06 low 3.82 1520.08 2.80 0.84 9.5 x 10-6

CI1I4 2.20 CL 34.33 32.77 30.70 2.20 35.52 9.03 17.43 14.09 low 5.01 - - - -
C/2/1 0.15 CL 35.37 30.53 43.70 0.40 45.01 7.73 25.13 21.10 med 6.09 - - - -
C/2/2 0.40 CL 35.75 21.15 42.60 0.50 48.06 10.38 28.01 23.52 med 5.05 - - - -
C/2/4 2.30 SC 19.51 13.09 50.80 16.60 44.86 10.93 26.68 13.46 med 7.44 - - - -
C/3/1 0.30 CL 24.58 36.62 38.80 0.00 29.89 6.97 13.03 11.95 low 3.52 - - - -
C/3/2 0.60 CL 38.41 27.79 33.60 0.20 34.53 9.14 16.50 15.20 low 4.85 1700.96 2.40 0.41 I x 10"

C/3/3 1.65 CH 48.66 26.64 23.70 1.00 52.85 8.93 31.38 28.47 med 7.69 1738.90 2.57 0.48 I x 10-'

Study Site D

0/1/1 0.10 CL 27.77 27.33 44.90 0.00 28.18 7.84 13.39 11.75 low 3.65 1684.51 2.61 0.55 9 x 10-

011/2 0.30 CL 41.64 25.46 32.90 0.00 31.92 8.69 14.70 13.49 low 6.00 1566.60 2.64 0.69 9xlO"

0/114 1.30 SC 20.93 23.57 48.30 7.20 32.38 8.04 15.72 9.36 low 6.78 1644.29 2.69 0.64 7 x 10-

0/2/1 0.40 CL 31.33 24.67 44.00 0.00 34.09 9.88 16.48 14.55 low 3.76 - - - -

 
 
 



SAMPLE DESCRIPTION GRADING ANALYSES I ATTERBERG LIMITS IN-SITU PROPERTIES .'TV II

TEST PIT and DEPTH UNIFIED SOIL % % % % LL LS PI PI Exp pH Bulk SG e K

Sample No. (m) CLASSIFICATION SYSTEM Clay Silt Sand Gravel ws density %

D.S.C.S. (kg/mJ
) (cm/s)

Study Site D

D/212 0.70 CL 42.23 25.67 32.10 0.00 37.13 10.73 15.73 14.38 low 3.89 - - - -
D/2/4 0.60 CL 35.00 35.70 29.30 1.00 40.93 9.97 19.20 16.90 low 6.29 - - - -
D/3/1 0.10 SC 14.37 28.83 55.80 0.00 20.48 3.52 7.20 6.09 low 3.47 - - - -
D/312 0.50 CL 34.73 22.67 39.50 3.10 32.68 9.14 15.53 13.07 low 6.75 - - - .
D/3/4 1.90 CH 51.44 25.96 22.50 0.10 55.87 11.09 32.28 30.32 med - 1553.81 2.68 0.72 7.5 x 10-8

Study SiteE

E/II2 0.70 CL 33.29 23.21 42.70 0.80 45.57 7.83 27.43 23.05 med 6.72 1775.29 2.55 0.44 1 x 10"

E/1I3 1.50 CL 40.06 22.34 37.50 0.10 46.19 7.28 26.31 21.28 med 6.97 1535.78 2.70 0.76 9.5 x 10-7

E/2I1 0.45 CH 37.39 23.61 37.40 1.60 56.54 11.67 32.58 28.91 high 7.74 1484.87 2.68 0.80 9x 10'

E/2I2 0.75 CH 35.02 20.38 36.20 8.40 52.32 11.32 27.65 22.27 med 7.79 - - -
E/2I3 1.15 CH 46.55 24.65 28.30 0.50 64.10 11.15 37.23 34.27 v high 8.31 1535.06 2.68 0.75 8 x 10"

E/3/1 0.30 CH 38.38 30.02 31.00 0.60 56.02 9.84 32.59 38.38 high 5.12 - - - -
E/3/2 0.70 CL 39.19 29.61 31.00 0.00 48.69 7.30 28.31 26.88 high 6.75 - - - -

Study Site F

FIlii 0.60 CL 40.16 28.54 31.30 0.00 30.12 8.81 13.60 12.73 low 6.69 1709.29 2.51 0.47 1 x 10"

FI1I2 1.00 CL 28.23 28.07 43.70 0.00 24.79 7.04 11.11 9.90 low 3.66 1711.02 2.71 0.58 6 x 10'

FI1I3 1.60 CL 40.82 28.28 30.60 0.30 29.52 8.30 13.01 12.09 low 6.62 - - - -
F/2/1 0.20 CL 30.05 24.80 44.70 0.00 26.10 6.92 11.32 10.09 low 4.37 - - - -
F/2/2 0.50 CL 40.34 21.46 38.20 0.00 30.69 7.98 12.94 11.82 low 6.67 - . - -
F/2/3 1.50 CL 44.22 26.78 29.00 0.00 33.32 8.55 15.22 14.33 low 6.29 - - - -
F/3/1 0.10 CL 25.56 28.74 45.70 0.00 23.72 6.12 10.66 9.41 low 4.53 - - - -
F/3/2 0.50 CL 30.96 24.94 44.10 0.00 25.99 7.67 10.98 9.78 low 5.17 1661.44 2.78 0.67 6x 10'

F/3/4 1.60 CL 19.72 16.48 43.30 20.50 29.67 7.81 12.91 6.21 low 4.70 - - - -
F/4/1 0.30 CL 13.70 37.00 49.30 0.00 21.32 4.32 7.45 6.64 low 3.70 - - - -
F/4/2 0.60 CL 29.24 23.56 47.20 0.00 25.48 7.85 11.23 10.04 low 4.71 - - - -
F/4/4 2.20 CL 39.56 26.84 33.20 0.40 31.55 8.83 17.23 15.89 low 4.65 1739.57 2.72 0.56 6 x 10'

Study Site G

G/III 0.30 SC 14.10 26.80 58.10 0.30 19.39 4.36 7.54 5.78 low 3.99 1786.21 2.64 0.48 1 x 10'

G/l/3 1.00 SC 23.61 23.99 35.60 16.80 29.26 7.79 14.76 9.48 low 6.89 - - - -
G/2/2 1.00 SC 22.63 25.37 43.50 8.50 24.21 6.23 10.75 7.60 low 6.31 1782.53 2.68 0.50 1 x 10'

G/3/1 0.20 SC 18.74 28.06 53.20 0.00 22.90 6.42 10.37 8.27 low 4.03 - - - -
G/3/2 0.50 SC 24.69 32.61 41.30 1.40 23.18 6.98 10.03 7.90 low 4.83 - . - -
G/3/3 1.20 CL 31.45 21.15 34.60 12.80 30.85 8.60 11.54 8.23 low 6.74 - - - -

Note: LL: Liquid limit. LS: Linear shrinkage. PI: Plasticity Index. PI ws: Plasticity index of whole sample. Exp: Expansiveness SG: Specific gravity e: void ratio. K: Estimated saturated hydraulic conductivity. U.S. soil symbols are
explained in Tabid. I 1.

 
 
 



Test Pit Log
Test pit number: AJ1

Sample Geotechnical parameters Geochemical parameters (elements in mg/kg)

Profile description number % Clay PI Dry SG e K pH Fe Mn As Sa Co Cr Cu Mo Ni Pb Sn Th U V Zn

a ws density cm/s % %
0,05 Slightly moist, light grey banded pale yellow

H)) brown, very soft, layered sandy silt, Tailings. A/1/1 13,15 4,8 1752,88 2,72 0,55 1 x 10' 3,06 3,6 0,02 102 188 10 197 43 3 55 0 0 0 0 62 41
0,30

Slightly moist, dark brown, loose, slightly A/1/2 15,82 6,9 1816,08 2,72 0,50 1 x 10' 4,22 4,3 0,02 77 194 11 202 43 9 62 0 6 1 0 70 66
0,55 open textured clayey sand stained pale yellow
0,60 I\ brown on joints and cracks; Colluvium.

Slightly moist, yellow brown mottled dark
brown, loose, slightly open textured clayey

1 sand stained pale yellow brown on joints A/1/3 7,51 3,85 1892,52 2,81 0,81 1 x 10' 6,11 7,9 0,02 14 408 17 341 48 9 37 7 0 12 0 143 282
\ and cracks; Colluvium.

1,30 Slightly moist, yellow brown mottled dark
brown, loose, slightly open textured clayey

1,50 sand with occasional coarse-, medium-
and fine-grained, subrounded quartz
gravel; Pebble marker horizon.

Slightly moist, orange brown mottled bright
2 yellow brown and stained brown, medium
-

dense, relic structured clayey sand with
zones of moist, brown, loose, open
structured clayey sand; Hardpan ferruge =
nised residual sandstone of the Vryheid
Formation.

As above but very dense

-
3 Notes-

-
1. Gradual refusal at 1,50 m on hardpan

ferricrete.
2. No water table encountered.

meter

Date: 04.06.98 Locality: Case Study Site A Elevation: 1630 m Profiled by: P Aucamp & T Rosner

 
 
 



Test Pit Log
Test pit number: A/2

Sample Geotechnical description Geochemical description (elements in mg/kg)

Profile description number % Clay PI Dry SG e K pH Fe Mn As Sa Co Cr Cu Mo Ni Pb Sn Th U V Zn

0 ws density cm/s % %
0,10 •Slightly moist, light grey banded pale yellow
0,20 brown, very soft, layered sandy silt, Tailings. A/2/1 - - - - - - - 4,1 0,02 70 175 12 246 54 10 60 0 0 2 0 76 58

Slightly moist, yellow brown mottled dark
brown, loose, slightly open textured clayey A/2/2 10,62 4 - - - - ~,33 7,6 0,03 30 263 14 310 94 19 85 0 9 14 12 117 108

0,45 sand stained pale yellow brown on joints
and cracks' Colluvium. A/2/3 - - - - - - - 9,1 0,02 17 314 5 360 93 18 62 2 0 15 7 180 40

0,70 Abundant coarse-, medium- and fine-
grained subrounded sandstone and quartz
gravel and occasional sandstone boulders A/2/4 8,54 3,55 1551,43 2,81 0,81 1 x 10' 14,36 18 0,05 8 362 4 494 106 4 78 60 0 2 0 327 84

1 (up to 0,25 m in diameter) in slightly moist
yellow brown mottled dark brown, open
textured clayey sand. Pebble marker horizon

1,30 \ The overall consistencv is verY loose.
Abundant coarse-, medium- and fine-
grained angular to subrounded ferricrete
gravel in slightly moist, yellow brown
mottled red brown and orange brown clayey
sand. Nodular ferrugenised residual
sandstone of the Vryheid Formation.

2 The overall consistency is medium dense.
-

Slightly moist, orange brown mottled bright
yellow brown and stained brown, very
dense, relic structured clayey sand;
Hardpan ferrugenised residual sandstone.

Pale red brown stained and motte led pale
yellow brown, highly weathered, coarse-
grained, closely jointed and fractured,
very soft rock sandstone of the Vryheid

Formation.
-

3

Notes
1. Gradual refusal at 1,50 m on hard rock

sandstone of the Vryheid Formation.
2. No water table encountered.

meter

Date: 04.06.98 Locality: Case Study Site A Elevation: 1630 m Profiled by: P Aucamp & T Rosner

 
 
 



Test Pit Log
Test pit number: A/3

Sample Geotechnical description Geochemical description (elements in mg/kg)

Profile description number % Clay PI Dry SG e K pH Fe Mn As Sa Co Cr Cu Mo Ni Pb Sn Th U V Zn
a ws density cm/s % %

0,03 111111111 Slightly moist, light grey banded pale yellow
0,20 brown, very soft, layered sandy silt, Tailings. N3/1 - - - - - - - 3,9 0,02 37 144 11 152 39 26 58 0 0 14 0 59 45

Slightly moist, yellow brown mottled dark N3/2 8,45 12 - - - - 6,19 7,5 0,02 24 200 16 266 55 20 94 2 0 19 0 132 58
brown, loose, slightly open textured clayey
sand stained pale yellow brown on joints

0,60 and cracks; Colluvium.
Abundant coarse-, medium- and fine- N3/3 11,31 5 - - - - 6,63 12,2 0,04 20 204 7 351 57 17 67 9 0 17 0 279 31

o,so grained subrounded sandstone and quartz
gravel and occasional sandstone boulders

1 (up to 0,35 m in diameter) in slightly moist N3/4 12,1 6 - - - - 6,66 15,1 0,07 16 302 22 341 70 12 65 28 0 12 0 332 31
yellow brown mottled dark brown, open
textured clayey sand. Pebble marker horizon
The overall consistencv is verv loose.

1,40 Abundant coarse-, medium- and fine-

-
grained angular to subrounded ferricrete

-
gravel in slightly moist, yellow brown
mottled red brown and orange brown clayey

- sand. Nodular ferrugenised residual

- sandstone of the Vryheid Formation.
2 The overall consistency is medium dense.-

-
Slightly moist, orange brown mottled yellow

-
brown and stained brown, very dense, relic
structured clayey sand with scattered
coarse-, medium and fine-grained well
rounded quartz gravel; Hardpan
ferrugenised residual sandstone of the
Vryheid Formation.

Notes
-

3 1. Gradual refusal at 1,50 m on hard rock
sandstone of the Vryheid Formation.

2. No water table encountered.

meter

Date: 04.06.98 Locality: Case Study Site A Elevation: 1630 m Profiled by: P Aucamp & T Rosner

 
 
 



Test Pit Log
Test pit number: 8/1

Sample Geotechnical parameters Geochemical parameters (elements in mg/kg)

Profile description number % Clay PI Dry SG e K pH Fe Mn As Sa Co Cr Cu Mo Ni Pb Sn Th U V Zn
0 ws density cm/s % %

Slightly moist, dark red brown, dense, open B/1/1 29,80 12 1695,54 2,48 0,46 1 x 10-0 3,64 9,8 0,06 17 281 27 232 87 19 173 13 0 16 0 156 135
structured, silty sand with abundant fine-

0.30 grained gypsum crystals (up to 5 mm in
diameter); Colluvium.

B/1/2 34,68 12 1619,22 2,45 0,51 1 x 10-0 3,53 9,6 0,06 17 259 18 226 89 20 153 14 0 17 0 158 102

Moist, red brown, firm, intact, sandy clay
1 with occasional fine-grained gypsum

crystals (up to 5 mm in diameter); Colluvium.
B/1/3 - - - - - - 10,1 0,06 17 231 8 230 79 20 115 13 0 18 0 165 91

1,90

2 Moist, red brown, firm, intact, sandy clay B/1/4 - - - - - - 10,4 0,07 19 236 7 246 87 21 106 10 0 19 0 172 72
2,10 with numerous coarse-, medium- and fine-

-
grained subrounded ferricrete gravel;

- 1\ Ferrugenised colluvium.

-
Notes-
1. No refusal.

2. No water table encountered.

-
3

meter

Date: 21/4/1998 Locality: Case Study Site B Elevation: 1609 m Profiled by: P Aucamp & T Rosner

 
 
 



Test Pit Log
Test pit number: 8/2

Sample Geotechnical parameters Geochemical parameters (elements in mg/kg)

Profile description number % Clay PI Dry SG e K pH Fe Mn As Sa Co Cr Cu Mo Ni Pb Sn Th U V Zn

0 ws density cm/s % %
0,15 00 Slightly moist, pale yellow brown, very soft,

layered sandy silt, Tailings.
8/2/1 50,92 17 - - - - ,19 13,2 0,10 18 286 76 372 135 9 241 15 0 15 0 207 126

0,40 Slightly moist, dark red brown, dense, open
structured, sandy silt with abundant fine- 8/2/2 63,66 20 - - - - 5,09 12,9 0,10 23 247 51 344 143 10 190 6 0 14 0 202 78
grained gypsum crystals (up to 5 mm in
diameter) and subrounded quartzite
boulders (up to 0,20 m in diameter);

0,90 Colluvium.
1 8/2/3 - - - - - - - 13,6 0,06 17 293 10 374 130 14 139 4 0 16 0 197 57-

Moist, red brown, firm, intact, sandy silt
with occasional fine-grained gypsum
crystals (up to 5 mm in diameter);
Colluvium.

Moist, dark red brown, firm, intact, silt
with occasional fine-grained gypsum

1,80 crystals (up to 5 mm in diameter);
Colluvium.

2 8/2/4 50,24 26 - - - - 5,74 15,1 0,06 3 400 16 485 170 12 140 6 0 15 0 203 51-
Moist, dark red brown, firm, intact, silt

2,20 with occasional coarse-, medium- and.
fine-grained subrounded ferricrete gravel;
Ferrugenised colluvium

Notes
1. No refusal.

2. No water table encountered.
-

3

meter

Date: 21/4/1998 Locality:Case Study Site B Elevation: 1612 m Profiled by: P Aucamp & T Rosner

 
 
 



Test Pit Log
Test pit number: 8/3

Sample Geotechnical parameters Geochemical parameters (elements in mg/kg)

Profile description number % Clay PI Dry SG e K pH Fe Mn As Sa Co Cr Cu Mo Ni Pb Sn Th U V Zn
0 ws density cm/s % %

Slightly moist, light grey banded yellow
brown, very soft, layered sandy silt, Tailings.

0,30

Moist, dark grey, dense, open structured 8/3/1 31,71 11 - - - - 6,19 6,0 0,04 43 230 19 211 48 12 85 0 0 12 0 89 53
o,so sandy clay with abundant fine-grained

gypsum crystals (up to 5 mm in diameter);
Colluvium. 8/3/2 - - - - - - 6,2 0,03 22 204 13 163 46 20 78 9 0 21 0 96 40

0,90 Moist, dark olive mottled dark grey, firm,
1 intact sandy clay with scattered fine-grained 8/3/3 41,8 14 - - - - 6,63 7,2 0,04 19 197 9 230 51 19 85 13 0 23 0 113 44

gypsum crystals (up to 5 mm in diameter);
Colluvium.

1,40 Very moist, dark yellow brown occasionally
mottled dark red brown, firm, intact sandy
clay with scattered fine-grained gypsum 8/3/4 19,02 8,21 - - - - 6,66 8,7 0,47 6 1018 124 204 67 4 126 83 0 8 0 163 39
crystals (up to 5 mm in diameter);
Colluvium.

2 Abundant medium- and fine-grained
2,10 subrounded to sUbangular ferricrete gravel

in very moist, light olive mottled black,
dark red brown and dark yellow brown

\ sandy clay; Ferrugenised colluvium.
The overall consistency is stiff.

Notes-
1. No refusal.

-
3 2. No water table encountered.

meter

Date: 21/4/1998 Locality: Case Study Site B Elevation: 1613 m Profiled by: P Aucamp & T ROsner

 
 
 



Test Pit Log
Test pit number: C/1

Sample Geotechnical parameters Geochemical parameters (elements in mg/kg)

Profile description number % Clay PI Dry SG e K pH Fe Mn As Sa Co Cr Cu Mo Ni Pb Sn Th U V Zn

0 ws density cm/s % %
Slightly moist, pale yellow, firm, intact

-
sandy silt with occasional fine-grained
gypsum crystals (up to 5 mm in diameter); C/1/1 - - - - - - - 7,1 0,03 68 205 13 170 44 8 77 0 0 7 0 112 49

Tailings.
-

0,60

Slightly moist, dark brown stained dark
grey, firm, intact sandy clay with scattered C/1/2 46,78 14 1602,09 2,61 0,63 8 x 10'0 3,92 8,5 0,04 25 212 14 191 50 18 79 8 0 21 0 126 47
fine-grained gypsum crystals (up to 5 mm

1 in diameter) and zones of moist, dark grey
soft, intact, sandy clay; Colluvium.

1,20

Slightly moist, red brown mottled and
speckled dark red brown and black, firm C/1/3 28,90 14 1520,08 2,80 0,84 9,5 x 10~ 3,82 14,2 0,06 7 526 33 369 67 0 76 118 0 0 0 254 36
intact sandy clay with abundant coarse-,
medium- and fine-grained, subrounded
ferricrete gravel and with scattered fine-
grained gypsum crystals (up to 5 mm in

1,90 diameter); Ferrugenised colluvium.
2 Slightly moist, red brown mottled and

stained light grey, yellow brown and brown
stiff, intact sandy clay with occasional C/1/4 34,33 14 - - - - 5,01 10,6 0,11 22 511 25 220 54 16 65 10 0 17 0 167 38

2,30 coarse-, medium- and fine-grained,
subrounded ferricrete gravel; Ferrugenised

\ colluvium.

Notes
1. No refusal.

-
3 2. No water table encountered.

-

-

meter

Date: 04.06.98 Locality: Case Study Site C Elevation: 1605 m Profiled by: P Aucamp & T ROsner

 
 
 



Test Pit Log
Test lJit number: C/2

Sample Geotechnical parameters Geochemical parameters (elements in mg/kg)

Profile description number % Clay PI Dry SG e K pH Fe Mn As Sa Co Cr Cu Mo Ni Pb Sn Th U V Zn
0 ws density cm/s % %

0,10 Slightly moist, pale yellow brown, very soft
intact sandy silt with occasional fine-grained C/2/1 35,37 21 - - - - ~,09 6,91 0,05 13 370 20 223 32 16 51 14 0 17 0 99 34

0,25 gypsum crystals (up to 5 mm in diameter);
Tailings. C/2/2 35,75 24 - - - - 5,05 7,1 0,07 15 383 28 230 32 15 72 15 0 17 0 107 41

Slightly moist, dark grey occasionally
mottled and striped dark yellow brown, stiff
shattered sandy clay with scattered fine-
grained gypsum crystals (up to 5 mm in

1 \ diameter); Alluvium.
1,10

Moist, dark grey occasionally mottled dark
yellow brown, soft, intact sandy clay with
scattered fine-grained gypsum crystals C/2/3 - - - - - - - 7,1 0,03 21 406 16 270 27 14 56 17 0 19 0 166 33
(up to 5 mm in diameter); Alluvium.

Moist, grey mottled and speckled dark
yellow brown, soft, intact sandy clay with
sporadic coarse-grained, subangular quartz

2 gravel; Alluvium.
Abundant coarse-, medium- and fine-grained
subanguler ferricrete and quartz gravel in wet
orange brown speckled and mottled black C/2/4 19,51 27 - - - - 7,44 23,9 0,17 38 428 188 622 89 0 282 8 0 0 0 937 28

2,40 and dark yellow brown, clayey sand.
Ferrugenised alluvium.

\ The overall consistency is soft.

-
Notes

-
3 1. No refusal.-

2. Perched water table at 2,00 m.
-

meter

Date: 04.06.98 Locality: Case Study Site C Elevation: 1612 m Profiled by: P Aucamp & T Rosner

 
 
 



Test Pit Log
Test pit number: C/3

Sample Geotechnical parameters Geochemical parameters (elements in mg/kg)

Profile description number % Clay PI Dry SG e K pH Fe Mn As Sa Co Cr Cu Mo Ni Pb Sn Th U V Zn
0 ws density cm/s % %

-
Slightly moist, light greyish olive, very soft

0,25 intact sandy silt with occasional fine-grained
gypsum crystals (up to 5 mm in diameter); C/3/1 24,58 12 - - - - 3,52 4,09 0,03 30 193 22 166 46 23 53 5 0 20 8 98 29

0,40 Tailings.

Slightly moist, dark grey occasionally C/3/2 38,41 15 1700,96 2,40 0,69 1 x 10-0 4,85 6,9 0,10 23 237 40 201 39 18 76 19 0 18 0 146 34
mottled and striped dark yellow brown, stiff
shattered sandy clay with scattered fine-
grained gypsum crystals (up to 5 mm in

1 diameter); Alluvium.

Slightly moist, yellow brown mottled and
1,30 speckled dark yellow brown and dark grey

firm slightly shattered, sandy clay with
scattered fine-grained gypsum crystals (up C/3/3 48,66 28 1738,90 2,57 0,64 1 x 10-' 7,69 10,4 0,15 16 539 44 247 47 8 75 29 0 16 0 220 36
to 5 mm in diameter); Alluvium.

Slightly moist, yellow brown mottled and
speckled dark yellow brown, dark grey and

2 light grey, stiff, slightly shattered, sandy
2,10 clay with scattered fine-grained gypsum

crystals (up to 5 mm in diameter); Alluvium.
C/3/4 - - - - - - - 7,3 0,10 24 292 42 213 42 14 65 7 0 18 0 178 36

2,40 Abundant coarse-, medium- and fine-grained
subrounded quartzite and sandstone gravel
and occasional subrounded quartzite
boulders (up to 0,10 m in diameter) in moist
light olive brown speckled and mottled dark

-
yellow brown to pale yellow brown, sandy

3 clay; Alluvium.
\ The overall consistency is soft.

Notes
1. No refusal.

2. No water table encountered.
meter

Date: 04.06.98 Locality: Case Study Site C Elevation: 1608 m Profiled by: P Aucamp & T Rosner

 
 
 



Test Pit Log
Test pit number: 0/1

Sample Geotechnical parameters Geochemical parameters (elements in mg/kg)

Profile description number % Clay PI Dry SG e K pH Fe Mn As Sa Co Cr Cu Mo Ni Pb Sn Th U V Zn
a ws density cm/s % %

0,03 Slightly moist, pale yellow, very soft, layered
0,20 sandy silt, Tailings. 0/1/1 27,77 12 1684,51 2,61 0,55 9 x 10' 3,65 6,15 0,04 50 207 21 155 51 14 82 0 0 8 0 100 54

0/1/2 41,64 13 1566,60 2,64 0,69 9xW 6,00 7,1 0,02 21 188 15 159 62 19 77 6 0 18 0 112 49
Moist, dark brown mottled dark grey
stiff, open structured sandy clay with

0,60 abundant fine-grained gypsum crystals (up
Ito 5 mm in diameter); Colluvium. 0/1/3 - - - - - - - 7,4 0,03 18 196 23 161 51 21 79 4 0 19 0 120 40

Moist, yellow brown, firm, open
1 structured sandy clay with abundant fine-

1,10 grained gypsum crystals (up to 5 mm in

Idiameter); Colluvium.
0/1/4 20,93 9 1644,29 2,69 0,64 7 x 10' 5,78 10,2 0,37 9 1252 90 195 78 10 99 46 0 8 0 199 38

Moist, yellow brown occasionally mottled
red brown, firm, open structured sandy

1,60 clay with occasional fine-grained
gypsum crystals (up to 5mm in diameter);
Colluvium.,

2 Abundant coarse-, medium- and fine-
-

grained, subrounded ferricrete gravel in
moist, light grey mottled yellow brown and
black, clayey sand; Ferrugenised colluvium.
The overall consistency is medium dense.

Notes

- 1. Gradual refusal at 1,50 m on hardpan
3 ferricrete.-

2. No water table encountered.~

meter

Date: 21/4/1998 Locality: Case Study Site D Elevation: 1505 m Profiled by: P Aucamp & T Rosner

 
 
 



Test Pit Log
Test pit number: 0/2

Sample Geotechnical parameters Geochemical parameters (elements in mg/kg)

Profile description number % Clay PI Dry SG e K pH Fe Mn As Sa Co Cr Cu Mo Ni Pb Sn Th U V Zn
0 ws density cm/s % %

-
Slightly moist, pale yellow, very soft, layered

-
0,25 sandy silt, Tailings.

Moist, dark brown mottled dark grey, stiff
open structured sandy clay with abundant 0/2/1 - - - - - - - 8,9 0,06 64 342 23 189 93 6 109 0 0 1 0 150 55
fine-grained gypsum crystals (up to 5 mm in

0,60 diameter); Colluvium.
Moist, red brown occasionally mottled yellow 0/2/2 42,23 14 - - - - 3,89 9,4 0,08 16 312 40 192 97 15 142 10 0 15 0 164 61
brown and dark brown, firm, open
structured sandy day with scattered fine-

1 grained gypsum crystals (up to 5 mm in
1,10 diameter); Colluvium.

0/2/3 - - - - - - - 10,5 0,46 9 1696 295 181 96 7 157 62 0 5 0 213 40

Abundant coarse-, medium- and fine-grained
subrounded ferricrete gravel in moist, light
grey mottled red brown, yellow brown and
black, clayey sand with numerous coarse-
medium- and fine-grained subangular quartz

2 gravel; Ferrugenised colluvium.
The overall consistency is medium dense

0/2/4 35 17 - - - - 6,29 11,7 0,41 8 716 99 246 116 18 120 21 0 15 0 199 53

2,40

-
-

Notes
1. No refusal.~

3 2. No water table encountered.

meter

Date: 21/4/1998 Locality: Case Study Site D Elevation: 1604 m Profiled by: P Aucamp & T Rosner

 
 
 



Test Pit Log
Test pit number: 0/3

Sample Geotechnical parameters Geochemical parameters (elements in mglkg)

Profile description number % Clay PI Dry SG e K pH Fe Mn As Sa Co Cr Cu Mo Ni Pb Sn Th U V Zn
0 ws density cm/s % %

0,05 Slightly moist, pale yellow, very soft, layered
sandy silt, Tailings. 0/3/1 14,37 6 - - - - 3,47 3,4 0,04 35 195 25 113 33 22 48 0 0 14 0 61 37

0,40 Slightly moist, dark grey occasionally
mottled yellow brown, firm, open 0/3/2 34,73 14 - - - - 6,75 6,7 0,05 17 305 23 175 42 17 70 6 0 18 0 90 48
structured sandy clay with numerous fine-
grained gypsum crystals (up to 5 mm in

0,80 diameter); Colluvium.

1 Slightly moist, dark grey mottled yellow
brown, firm, open structured sandy 0/3/3 - - - - - - - 9,0 0,10 8 707 30 146 35 20 59 9 0 16 0 108 28
clay with sporadic fine-grained

1,40 gypsum crystals (up to 5 mm in diameter);
Colluvium.

Moist, dark grey mottled yellow brown and
light grey, firm, occasionally slickensided
sandy clay with abundant coarse-, medium-
and fine-grained, subrounded ferricrete 0/3/4 51,44 30 1553,81 2,68 0,72 7,5 x 10'0 - 6,8 0,03 20 228 10 196 50 17 75 1 0 19 0 85 49

2 gravel; Ferrugenised colluvium.

Moist, light grey mottled and stained yellow
2,30 brown and black, stiff, slickensided clay;

Residual mud rock of the Vryheid Formation.

-
3 ~

Notes
-

1. No refusal.

2. No water table encountered.
-

meter

Date: 21/4/1998 Locality: Case Study Site D Elevation: 1606 m Profiled by: P Aucamp & T Rosner

 
 
 



Test Pit Log
Test pit number: E/1

Sample Geotechnical parameters Geochemical parameters (elements in mg/kg)

Profile description number 0/0 Clay PI Dry SG e K pH Fe Mn As Sa Co Cr Cu Mo Ni Pb Sn Th U V Zn

0 ws density em/s % %
Slightly moist, pale yellow brown mottled
black and orange brown, very soft,

0,30 layered sandy silt, Tailings
-

Moist, brown mottled dark grey and dark E1/1 - - - - - - - 5,9 0,14 21 248 36 279 26 16 106 14 0 15 0 111 58
o,so brown, stiff, intact sandy clay with

abundant fine-grained gypsum crystals
(up to 5mm in diameter); Colluvium, El1/2 33,29 23 1775,29 2,55 0,44 1 x WO ~,72 6,1 0,27 17 533 47 294 31 15 70 21 0 16 0 134 37

Moist, light grey mottled yellow brown and
1 dark grey, stiff, slickensided sandy clay with

occasional fine-grained gypsum crystals
(up to 5 mm in diameter); Colluvium.

1,30

Moist, yellow brown mottled light grey and El1/3 40,06 21 1535,78 2,70 0,76 9,5 x 10' ~,97 12,2 0,07 7 194 20 403 38 10 88 25 0 15 0 261 24
dark grey, stiff, slickensided sandy clay with
abundant fine-grained subrounded quartz
gravel and sporadic rounded quartzite
boulders (up to 0,40 m in diameter);

2 Colluvium.

Abundant coarse-, medium and fine-grained El1I4 - - - - - - - 18,8 0,07 24 271 47 498 57 0 135 41 0 0 0 581 22
2,30 subrounded quartz gravel and occasional

-
ferricrete nodules in wet yellow brown

\landY clay; Colluvium.-
The overall consistency is firm.

Notes
-

3 1. No refusal

2. Perched water table at 2,00 m
3. Stable sidewalls

meter

Date: 04.08.98 Locality: Case Study Site E Elevation: 1585 m Profiled by: P Aucamp & T Rosner

 
 
 



Test Pit Log
Test pit number: E/2

Sample Geotechnical parameters Geochemical parameters (elements in mg/kg)

Profile description number % Clay PI Dry SG e K pH Fe Mn As Sa Co Cr Cu Mo Ni Pb Sn Th U V Zn

0 ws density cm/s % %
.'. Moist, red brown, very loose, layered silty

sand with abundant organic residue; Fill.
0,30

Moist, black, soft, intact clay with E/211 37,39 29 1484,87 2,68 0,80 9 x 10-t 7,74 6,6 0,08 36 191 24 258 52 9 69 0 0 8 0 99 43

abundant fine-grained gypsum crystals
0,60 (up to 5 mm in diameter); Alluvium.

Moist, black, firm, slickensided clay
with numerous coarse-, medium- and fine- E/212 35,02 22,27 - - - - 7,79 6,9 0,07 22 274 17 285 54 14 66 2 0 12 0 113 47

grained subrounded quartz gravel and
1,00 occasional fine-grained gypsum crystals

(up to 5 mm in diameter); Alluvium.
E/213 46,55 34 1535,06 2,68 0,75 8 x 10-0 8,31 7,8 0,10 10 266 25 305 58 14 78 11 0 15 0 161 41

Moist, blueish grey mottled dark yellow
brown and dark grey, firm, slickensided clay

1,50 with occasional coarse-, medium- and fine-
grained calcrete and quartz gravel and
scattered fine-grained gypsum crystals

\ (up to 5 mm in diameter); Alluvium.

2~
Notes
1. Refusal at 1,50 m on alluvial boulders

(quartzite and chert)

2. No water table encountered
3. Stable sidewalls

-

~
3

meter

Date: 04.08.98 Locality: Case Study Site E Elevation: 1580 m Profiled by: P Aucamp & T Rosner

 
 
 



Test Pit Log
Test pit number: E/3

Sample Geotechnical parameters Geochemical parameters (elements in mg/kg)

Profile description number % Clay PI Dry SG e K pH Fe Mn As Sa Co Cr Cu Mo Ni Pb Sn Th U V Zn

0 ws density cm/s % %
Moist, red brown, very loose, layered silty

0,20 sand with abundant organic residue; Fill.
E/3/1 38,38 38 - - - - 5,12 4,5 0,02 19 138 23 235 31 15 65 15 0 18 0 102 57

Moist, black, soft, intact clay with
abundant fine-grained gypsum crystals

0,60 (up to 5 mm in diameter); Alluvium
E/3/2 36,19 26,88 - - - - 16,75 4,7 0,02 19 118 18 297 33 16 68 12 0 19 0 147 68

Moist, black, firm, slickensided sandy
clay with numerous coarse-, medium- and

1 fine-grained subrounded quartz gravel and
1,10 occasional fine-grained gypsum crystals

(up to 5 mm in diameter ); Alluvium E/3/3 - - - - - - - 3,6 0,02 23 109 14 287 27 19 61 10 0 17 0 118 83
1,30

Moist, blueish grey mottled dark yellow
brown and dark grey, firm, intact clay
with occasional coarse-, medium- and
fine-grained calcrete and quartz gravel and
scattered fine-grained gypsum crystals
(up to 5 mm in diameter); Alluvium.

2
-

Notes
1. Refusal at 1,30 m on alluvial boulders

(quartzite and chert)

2. No water table encountered
3. Stable sidewalls

-

-
3

-

meter
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Test Pit Log
Test pit number: F/1

Sample Geotechnical parameters Geochemical parameters (elements in mg/kg)

Profile description number % Clay PI Dry SG e K pH Fe Mn As Sa Co Cr Cu Mo Ni Pb Sn Th U V Zn

0 ws density cm/s
Slightly moist, pale yellow brown, very soft,
layered sandy silt, Tailings

o,so
Slightly moist, dark red brown, soft, open F/1/1 40,16 13 1709,29 2,51 0,47 1 x 10-0 6,69 8,6 0,16 20 188 5 178 53 22 76 11 0 21 0 139 43

0,70 textured sandy clay with abundant fine-grained
gypsum crystals (up to 5 mm in diameter);
Colluvium

1 F/1/2 28,23 10 1711,02 2,71 0,58 6x 10-' 3,66 7,3 0,19 31 222 30 170 90 22 143 10 0 18 57 127 80
1,10 Slightly moist, red brown, soft, open tex-

tured sandy clay with abundant fine-grained
gypsum crystals (up to 5 mm in diameter)

1,40 Colluvium.
Moist, dark red brown, stiff, intact sandy
clay with abundant fine·grained gypsum F/1/3 40,82 12,01 - - - - 6,62 8,3 0,12 21 182 4 169 49 23 68 11 0 20 0 134 40
crystals (up to 5 mm in diameter);
Colluvium.

2 Very moist, dark red brown, stiff, intact sandy
clay with abundant fine-grained gypsum
crystals (up to 5 mm in diameter); F/1/4 - - - - - - - 8,2 0,09 21 178 3 200 43 24 62 9 0 21 0 133 36
Colluvium

2,40

Very moist, dark red brown, stiff, intact
sandy clay with abundant coarse-, medium-
and fine-grained subangular ferricrete gravel
Ferrugenised colluvium.

-
3 Notes

-
1. No refusal
2. No water table encountered

meter
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Test Pit Log
Test pit number: F/2

Sample Geotechnical parameters Geochemical parameters (elements in mg/kg)

Profile description number % Clay PI Dry SG e K pH Fe Mn As Sa Co Cr Cu Mo Ni Pb Sn Th U V Zn
0 ws density cm/s % %

0,10 Slightly moist, pale yellow brown, very soft,
layered sandy silt, Tailings F/2/1 30,05 10,09 - - - - 4,37 8,5 0,44 20 235 9 202 68 22 83 11 0 18 0 135 46

0,30

Slightly moist, dark red brown mottled dark
brown, very stiff, open textured sandy clay F/2/2 40,34 12 - - - - 6,67 9,3 0,18 17 214 5 208 68 20 88 12 0 18 0 152 46

with abundant fine-grained gypsum crystals
(up to 5 mm in diameter); Colluvium.

Moist, red brown, stiff, open textured sandy
1,00 clay with abundant fine-grained gypsum

crystals (up to 5 mm in diameter);
Colluvium

Moist, red brown, stiff, intact sandy clay with F/2/3 44,22 14 - - - - 0,29 9,6 0,11 20 196 4 199 63 21 78 10 0 20 0 154 39

abundant fine-grained gypsum crystals
(up to 5 mm in diameter); Colluvium.

2

2,20

F/2/4 - - - - - - - 9,0 0,11 18 186 4 209 54 23 66 7 0 20 0 144 37
2,40 Very moist, dark red brown, stiff, intact sandy

clay with abundant.coarse-, medium- and
fine-grained subangular ferricrete gravel;
Ferrugenised colluvium.

-
3 Notes-

1. No refusal
-

2. No water table encountered

meter
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Test Pit Log
Test pit number: F/3

Sample Geotechnical parameters Geochemical parameters (elements in mg/kg)

Profile description number % Clay PI Dry SG e K pH Fe Mn As Sa Co Cr Cu Mo Ni Pb Sn Th U V Zn
0 density % %

0,05 Slightly moist, pale grey, very soft, layered
sandy silt, Tailings F/3/1 25,56 9 - - - - 4,53 5,4 0,04 200 194 60 179 55 24 312 0 0 0 1175 125 205

0,30

Slightly moist, dark red brown occasionally
mottled red brown, stiff, open textured F/3/2 30,96 10 1661,44 2,78 0,67 6 x 10' 5,17 6,6 0,04 72 183 51 178 56 36 301 3 0 13 704 131 281
sandy clay sand with abundant fine-grained
gypsum crystals (up to 5 mm in diameter);
Colluvium.

1,00

Moist, red brown, firm, open testured F/3/3 - - - - - - - 7,2 0,06 24 179 14 291 47 15 83 10 0 16 9 129 40
sandy clay with abundant fine-grained
gypsum crystals (up to 5 mm in

1,40 diameter); Colluvium.

Abundant medium- to fine-grained F/3/4 19,72 6 - - - - 4,70 7,6 0,06 28 170 15 292 52 14 96 4 0 15 50 142 51
1,70 l~b","'de<Jfe,","," ,,,"'os."" "'.rt

gravel in moist, red brown clayey sand;
Ferrugenised colluvium.

2 The overall consistency is dense.-
-
- Abundant medium- to fine-grained

subrounded chert gravel and occasional
ferricrete nodules and occasional
subangular chert boulders (up to 0,07 m
in diameter) in moist, red brown clayey
sand; Ferrugenised colluvium.
The overall consistency is dense.

-
3 Notes

1. Gradual refusal on hard rock chert.
2. No water table encountered

meter
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Test Pit Log
Test pit number: F/4

Sample Geotechnical parameters Geochemical parameters (elements in mg/kg)

Profile description number % Clay PI Dry SG e K pH Fe Mn As Sa Co Cr Cu Mo Ni Pb Sn Th U V Zn
0 ws density cm/s % %

-

-
Slightly moist, pale grey, very soft, layered

0,20 sandy silt, Tailings.
Slightly moist, dark red brown occasionally F/4/1 13,7 7 - - - - 3,70 5,2 0,03 92 188 32 267 74 43 187 0 0 50 932 118 147

mottled red brown, stiff, open textured
o,so sandy clay with abundant fine-grained gypsum

crystals (up to 5 mm in diameter); F/4/2 29,24 10 - - - - 4,71 8,1 0,05 21 179 12 174 53 21 92 9 0 19 0 132 41
Colluvium.

Moist, red brown, stiff, open textured sandy
1,00 clay with abundant fine-grained gypsum

crystals (up to 5 mm in diameter);
Colluvium. F/4/3 - - - - - - - 7,2 0,04 27 201 25 181 58 23 147 8 0 17 100 135 98

Moist, red brown, firm, open textured
sandy clay with abundant fine-grained
gypsum crystals (up to 5 mm in diameter);
Colluvium.

2

2,10

F/4/4 39,56 16 1739,57 2,72 0,56 6 x 10' 4,65 8,5 0,06 19 191 5 199 53 21 78 7 0 19 0 138 49
Moist, red brown, firm, open textured

2,40 sandy clay with abundant fine-grained
gypsum crystals (up to 5 mm in diameter)
and numerous medium- to fine-grained
ferricrete gravel; Ferrugenised colluvium.

Notes-
3 1. No refusal.

2. No water table encountered.

meter

Date: 21/4/1998 Locality: Case Study Site F Elevation: 1580 m Profiled by: P Aucamp & T Rosner

 
 
 



Test Pit Log
Test pit number: G/1

Sample Geotechnical parameters Geochemical parameters (elements in mg/kg)

Profile description number % Clay PI Dry SG e K pH Fe Mn As Sa Co Cr Cu Mo Ni Pb Sn Th U V Zn
0 ws density cm/s % %

-

I[[ Slightly moist, pale yellow, very soft, layered
0,25 sandy silt, Tailings.-

G/1/1 14,10 6 1786,21 2,64 0,48 1 x 10" 3,99 3,1 0,02 52 176 47 122 41 19 103 0 0 9 0 47 39
-

Moist, dark grey stained black, medium

-
dense, intact clayey sand; Colluvium.

0,60

Moist, light grey stained pale yellow brown G/1/2 - - - - - - - 5,3 0,01 23 185 8 141 43 18 70 4 0 17 0 58 44
-

and occasionally mottled orange brown and0,80

-
black, medium dense, intact clayey sand

1 :.:. with occasional coarse-, medium- and fine- G/1/3 23,61 9 - - - - 6,89 4,2 0,03 22 178 12 126 39 22 66 2 0 20 0 41 40
-

grained, subrounded ferricrete gravel;

-
\ Ferrugenised colluvium.

1,30

-
Very moist, light grey mottled and stained
orange brown and dark yellow brown, loose

-
intact clayey sand with abundant coarse-

-

-
medium- and fine-grained, subrounded

-
ferricrete gravel; Ferrugenised colluvium.

-
2
-

-
Notes

-
1. Gradual refusal at 1,30 m on hardpan

ferricrete.
2. No water table encountered.

-
3

meter

Date: 04.06.98 Locality: Case Study Site G Elevation: 1610 m Profiled by: P Aucamp & T Rosner

 
 
 



Test Pit Log
Test pit number: G/2

Sample Geotechnical parameters Geochemical parameters (elements in mg/kg)

Profile description number % Clay PI Dry SG e K pH Fe Mn As Sa Co Cr Cu Mo Ni Pb Sn Th U V Zn
0 ws density cm/s % %

Slightly moist, pale yellow banded and
mottled yellow brown and orange, very soft
layered sandy silt, Tailings.

0,45

•••••••••••••••••Mo','. o'~ ,m;,~p,~ ~11~ brow,. ~
G/2/1 - - - - - - - 4,1 0,02 21 190 14 125 39 26 56 0 2 17 0 54 35

intact clayey sand; Colluvium.
0,80

0,95 ... :-:-: :.: Moist, light olive occasionally mottled dark
1 :::»:>1 olive and brown, loose, intact clayey sand G/2/2 22,63 8 1728,53 2,68 0,50 1 x 10' 16,31 5,4 0,05 22 192 18 159 47 24 73 3 0 19 0 74 56-

with occasional coarse-, medium- and fine-
1,10 grained, subrounded ferricrete gravel;

,Ferrugenised colluvium.

Very wet, light olive occasionally mottled
dark olive and brown, soft, intact clayey
sand with abundant coarse-, medium- and
fine-grained, subrounded ferricrete gravel;
Ferrugenised colluvium.

2
-

Notes
1. Gradual refusal at 1,10 m on hardpan

ferricrete.

2. Perched water table at 0,95 m.

~
3

-

meter

Date: 04.06.98 Locality: Case Study Site G Elevation: 1607 m Profiled by: P Aucamp & T Rosner

 
 
 



Test Pit Log
Test pit number: G/3

Sample Geotechnical parameters Geochemical parameters (elements in mg/kg)

Profile description number 0/0 Clay PI Dry SG e K pH Fe Mn As Sa Co Cr Cu Mo Ni Pb Sn Th U V Zn
0 ws density cm/s % %

0,10 IIIIII11 Slightly moist, pale yellow banded and

://> mottled yellow brown and orange, very soft G/3/1 18,74 8 - - - - 4,03 2,9 0,03 56 209 21 97 33 14 67 0 0 8 0 31 40
-

\Iayered sandy silt, Tailings.0,35 c.:.

-

1::::]/.: Slightly moist, dark brown mottled and 4,83G/3/2 24,69 8 - - - - 3,3 0,02 36 224 12 104 34 19 55 0 0 15 0 34 38

stained orange brown (root stains), medium
0,70 dense, intact clayey sand; Colluvium.
0,85 ..... .

Slightly moist, brown mottled and stained
1 orange brown (root stains), medium dense

intact clayey sand; Colluvium.
G/3/3 31,45 8 - - - - 6,74 3,9 0,03 22 206 22 121 42 19 73 7 0 20 0 41 44

1,30 Moist, light grey mottled dark grey, loose
intact clayey sand; Colluvium.

1,50

Moist, light grey mottled orange brown
soft, intact sandy clay with occasional
coarse-, medium- and fine-grained,

-
subrounded ferricrete gravel; Ferrugenised

2 colluvium.
-

-
Abundant coarse-, medium- and fine-

-
grained, subrounded ferricrete gravel in wet
light grey silty clay; Ferrugenised colluvium.

-
The overall consistency is soft.

Notes
1. Gradual refusal at 1,50 m on hardpan

-
3 ferricrete.

2. No water table encountered.

meter

Date: 04.06.98 Locality: Case Study Site G Elevation: 1612 m Profiled by: P Aucamp & T Rosner
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Table B.l - Summary of geochemical soil analyses (technique: XRF, all trace elements in m~ kg).
Site Sample- Ti02 MoO Fe203 Sc V Cr Co Ni Cu Zo As Rb Sr y Zr Nb Mo So Sb Ba W Pb Th U

No. % % %
A 1/1 0.94 0.02 3.64 11 62 197 10 55 43 41 102 68 16 14 519 13 3 0 0 188 7 0 0 0
A 1/2 0.98 0.02 4.26 14 70 202 11 62 43 66 77 78 19 21 509 16 9 6 0 194 10 0 1 0
A 1/3 0.57 0.02 7.95 16 143 341 17 37 48 282 14 95 41 18 273 16 9 0 0 408 6 7 12 0
A 2/1 0.89 0.02 4.08 11 76 246 12 60 54 58 70 62 21 9 522 15 10 0 0 175 5 0 2 0
A 2/2 1.02 0.03 7.61 20 117 310 14 85 94 108 30 78 23 17 485 21 19 9 0 263 6 0 14 12
A 2/3 0.81 0.02 9.08 21 180 360 5 62 93 40 17 78 23 15 414 19 18 0 0 314 7 2 15 7
A 2/4 0.86 0.05 18.05 31 327 494 4 78 106 84 8 49 15 6 346 15 4 0 19 362 4 60 2 0
A 3/1 0.99 0.02 3.9 13 59 152 11 58 39 45 37 70 22 24 612 22 26 0 0 144 8 0 14 0
A 3/2 1.04 0.02 7.52 19 132 266 16 94 55 58 24 90 26 27 432 23 20 0 0 200 7 2 19 0
A 3/3 1.06 0.04 12.15 25 279 351 7 67 57 31 20 58 25 18 439 22 17 0 0 204 6 9 17 0
A 3/4 1.11 0.07 15.09 28 332 341 22 65 70 31 16 47 24 15 432 21 12 0 0 302 4 28 12 0
B 1/1 1.21 0.06 9.75 25 156 232 27 173 87 135 17 85 23 35 429 22 19 0 0 281 7 13 16 0
B 1/2 1.2 0.06 9.61 24 158 226 18 153 89 102 17 85 22 33 428 23 20 0 0 259 7 14 17 0
B 1/3 1.22 0.06 10.11 24 165 230 8 115 79 91 17 82 22 28 431 23 20 0 0 231 6 13 18 0
B 1/4 1.3 0.07 10.44 26 172 246 7 106 87 72 19 77 21 23 444 25 21 0 0 236 8 10 19 0
B 2/1 0.92 0.1 13.18 32 207 372 76 241 135 126 18 79 22 29 200 17 9 0 0 286 4 15 15 0
B 2/2 0.92 0.1 12.87 30 202 344 51 190 143 78 23 76 23 22 200 18 10 0 0 247 5 6 14 0
B 2/3 1.05 0.06 13.61 35 197 374 10 139 130 57 17 64 26 26 251 19 14 0 0 293 6 4 16 0
B 2/4 0.95 0.06 15.14 41 203 485 16 140 170 51 3 72 35 35 186 17 12 0 0 400 5 6 15 0
B 3/1 1.05 0.04 5.97 16 89 211 19 85 48 53 43 90 35 31 421 21 12 0 0 230 8 0 12 0
B 3/2 1.12 0.03 6.22 18 96 163 13 78 46 40 22 96 35 33 437 25 20 0 0 204 7 9 21 0
B 3/3 1.18 0.04 7.2 19 113 230 9 85 51 44 19 101 31 29 418 26 19 0 0 197 6 13 23 0
B 3/4 1.22 0.47 8.65 21 163 204 124 126 67 39 6 89 42 26 409 19 4 0 0 1018 5 83 8 0
C 1/1 1.03 0.03 7.14 18 112 170 13 77 44 49 68 96 16 17 405 18 8 0 0 205 6 0 7 0
C 1/2 1.1 0.04 8.54 21 126 191 14 79 50 47 25 107 20 30 388 24 18 0 0 212 7 8 21 0
C 1/3 1.06 0.06 14.23 27 254 369 33 76 67 36 7 74 19 9 361 12 0 0 0 526 3 118 0 0
C 1/4 1.05 0.11 10.55 21 167 220 25 65 54 38 22 93 30 21 397 22 16 0 0 511 5 10 17 0
C 2/1 0.99 0.05 6.91 15 99 223 20 51 32 34 13 70 57 31 405 22 16 0 0 370 5 14 17 0
C 2/2 0.96 0.07 7.07 16 107 230 28 72 32 41 15 71 53 33 378 22 15 0 0 383 6 15 17 0
C 2/3 1.03 0.03 7.05 17 166 270 16 56 27 33 21 57 57 24 359 23 14 0 0 406 6 17 19 0
C 2/4 0.84 0.17 23.86 36 937 622 188 282 89 28 38 43 30 115 246 10 0 0 64 428 10 8 0 0
C 3/1 1.31 0.03 4.09 14 98 166 22 53 46 29 30 67 26 28 537 27 23 0 0 193 8 5 20 8
C 3/2 1.18 0.1 6.85 17 146 201 40 76 39 34 23 78 28 32 444 24 18 0 0 237 6 19 18 0

 
 
 



Site Sample- Ti02 MoO Fe20J Sc V Cr Co Ni Cu Zo As Rb Sr Y Zr Nb Mo So Sb Ba W Pb Th U
No. % % %

C 3/3 1.02 0.15 10.44 23 220 247 44 75 47 36 16 72 35 24 303 21 8 0 0 539 5 29 16 0
C 3/4 1.01 0.1 7.32 19 178 213 42 65 42 36 24 64 35 30 378 23 14 0 0 292 7 7 18 0
D 1/1 1.11 0.04 6.15 17 100 155 21 82 51 54 50 97 20 26 465 20 14 0 0 207 7 0 8 0
D 1/2 1.03 0.02 7.1 19 112 159 15 77 62 49 21 105 26 30 396 22 19 0 0 188 6 6 18 0
D 1/3 1.11 0.03 7.44 19 120 161 23 79 51 40 18 96 24 27 443 23 21 0 0 196 6 4 19 0
D 1/4 1.13 0.37 10.21 21 199 195 90 99 78 38 9 89 47 25 433 18 10 0 0 1252 4 46 8 0
D 2/1 1.24 0.06 8.86 22 150 189 23 109 93 55 64 95 22 27 434 16 6 0 0 342 5 0 1 0
D 2/2 1.1 0.08 9.44 23 164 192 40 142 97 61 16 104 25 34 356 21 15 0 0 312 5 10 15 0
D 2/3 1.21 0.46 10.53 23 213 181 295 157 96 40 9 85 89 23 377 16 7 0 0 1696 5 62 5 0
D 2/4 1.43 0.41 11.73 28 199 246 99 120 116 53 8 92 42 33 419 22 18 0 0 716 5 21 15 0
D 3/1 1.14 0.04 3.43 10 61 113 25 48 33 37 35 75 33 21 571 22 22 0 0 195 7 0 14 0
D 3/2 1.05 0.05 6.67 19 90 175 23 70 42 48 17 129 43 29 403 22 17 0 0 305 6 6 18 0
D 3/3 1.14 0.1 9.04 19 108 146 30 59 35 28 8 87 55 24 482 23 20 0 0 707 7 9 16 0
D 3/4 1.02 0.03 6.79 19 85 196 10 75 50 49 20 101 46 26 380 23 17 0 0 228 6 1 19 0
E 1/1 1.06 0.14 5.89 16 111 279 36 106 26 58 21 68 32 36 448 22 16 0 0 248 6 14 15 0
E 1/2 1.09 0.27 6.11 17 134 294 47 70 31 37 17 61 33 32 438 23 15 0 0 533 7 21 16 0
E 1/3 1.11 0.07 12.15 24 261 403 20 88 38 24 7 62 22 31 359 22 10 0 0 194 4 25 15 0
E 1/4 0.93 0.07 18.76 31 581 498 47 135 57 22 24 50 18 29 255 11 0 0 85 271 5 41 0 0
E 2/1 0.9 0.08 6.62 17 99 258 24 69 52 43 36 60 52 18 351 17 9 0 0 191 5 0 8 0
E 2/2 0.95 0.07 6.89 20 113 285 17 66 54 47 22 60 54 16 349 19 14 0 0 274 3 2 12 0
E 2/3 0.99 0.1 7.84 20 161 305 25 78 58 41 10 49 39 32 332 20 14 0 0 266 5 11 15 0
E 3/1 0.96 0.02 4.49 13 102 235 23 65 31 57 19 66 39 44 393 23 15 0 0 138 6 15 18 0
E 3/2 1.08 0.02 4.71 15 147 297 18 68 33 68 19 58 31 39 420 24 16 0 0 118 8 12 19 0
E 3/3 1.07 0.02 3.62 13 118 287 14 61 27 83 23 58 29 30 480 24 19 0 0 109 8 10 17 0

 
 
 



SiteSample- Ti02 MoO Fe203 Sc V Cr Co Ni Cu Zo As Rb Sr y Zr Nb Mo So Sb Ba W Pb Th U
No. % % 0/0

F 1/1 1.16 0.16 8.59 22 139 178 5 76 53 43 20 89 25 24 462 25 22 0 0 188 6 11 21 0
F 1/2 1.12 0.19 7.33 20 127 170 30 143 90 80 31 88 21 37 484 24 22 0 0 222 8 10 18 57
F 1/3 1.18 0.12 8.28 21 134 169 4 68 49 40 21 81 23 18 498 25 23 0 0 182 6 11 20 0
F 1/4 1.18 0.09 8.16 20 133 200 3 62 43 36 21 77 24 17 506 25 24 0 0 178 8 9 21 0
F 2/1 1.07 0.44 8.46 21 135 202 9 83 68 46 20 82 27 28 462 22 22 0 0 235 6 11 18 0
F 2/2 1.04 0.18 9.34 24 152 208 5 88 68 46 17 87 24 24 422 22 20 0 0 214 7 12 18 0
F 2/3 1.13 0.11 9.6 24 154 199 4 78 63 39 20 77 22 21 439 23 21 0 0 196 6 10 20 0
F 2/4 1.11 0.11 9.04 22 144 209 4 66 54 37 18 70 23 19 469 23 23 0 0 186 5 7 20 0
F 3/1 1.06 0.04 5.44 18 125 179 60 312 55 205 200 79 13 35 479 35 24 0 0 194 12 0 0 1175
F 3/2 1.07 0.04 6.61 20 131 178 51 301 56 281 72 91 21 46 474 36 36 0 0 183 9 3 13 704
F 3/3 0.87 0.06 7.22 18 129 291 14 83 47 40 24 68 28 16 379 20 15 0 0 179 7 10 16 9
F 3/4 0.87 0.06 7.58 18 142 292 15 96 52 51 28 68 28 17 355 21 14 0 0 170 6 4 15 50
F 4/1 1.05 0.03 5.17 18 118 267 32 187 74 147 92 77 24 23 518 41 43 0 0 188 9 0 50 932
F 4/2 1.06 0.05 8.07 21 132 174 12 92 53 41 21 83 22 23 462 23 21 0 0 179 7 9 19 0
F 4/3 1.05 0.04 7.23 19 135 181 25 147 58 98 27 84 24 35 462 24 23 0 0 201 8 8 17 100
F 4/4 1.16 0.06 8.51 22 138 199 5 78 53 49 19 77 22 21 482 24 21 0 0 191 7 7 19 0
G 1/1 1.06 0.02 3.08 13 47 122 47 103 41 39 52 84 19 28 545 19 19 0 0 176 8 0 9 0
G 1/2 0.98 0.01 5.2·7 16 58 141 8 70 43 44 23 113 21 25 405 21 18 0 0 185 7 4 17 0
G 1/3 1.12 0.03 4.18 16 41 126 12 66 39 40 22 104 20 26 479 24 22 0 0 178 7 2 20 0
G 2/1 1.03 0.02 4.06 14 54 125 14 56 39 35 21 86 22 21 549 22 26 2 0 190 7 0 17 0
G 2/2 1.13 0.05 5.44 16 74 159 18 73 47 56 22 93 20 34 516 23 24 0 0 192 8 3 19 0
G 3/1 1.16 0.03 2.93 14 31 97 21 67 33 40 56 91 21 31 497 20 14 0 0 209 9 0 8 0
G 3/2 1.15 0.02 3.31 14 34 104 12 55 34 38 36 106 23 32 488 22 19 0 0 224 6 0 15 0
G 3/3 1.12 0.03 3.89 14 41 121 22 73 42 44 22 119 23 27 414 24 19 0 0 206 6 7 20 0

a e - am statlstIca .parameters om a e ..
Ti02 MoO Fe203 Sc V Cr Co Ni Cu Zo As Rb Sr Y Zr Nb Mo So Sb Ba W Pb Th U

0/0 % 0/0

MIN 0.57 0.01 2.93 10 31 97 3 37 26 22 3 43 13 6 186 10 0 0 0 109 3 0 0 0
MAX 1.43 0.47 23.86 41 937 622 295 312 170 282 200 129 89 115 612 41 43 9 85 1696 12 118 50 1175
STDEV 0.12 0.10 3.74 5.8 117.5 96.6 41.0 54.1 28.1 46.1 27.1 17.0 12.4 12.4 82.9 4.6 7.2 1.2 11.9 239.5 1.6 18.7 7.2 181.9
AVG 1.06 0.09 8.17 20.2 151.7 237.5 29.5 96.6 60.1 59.5 28.6 80.0 29.1 27.0 420.6 21.6 16.4 0.2 2.1 299.6 6.4 12.3 14.7 37.7

 
 
 



1ame D." - tlaCK!!louna vames lOr me vrynelQ l'ormanon tau rrace elemems III mg;K ,n=.Ll).

Sample- 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 AVG STDEV
No.

Ti02% 1.06 1.08 1.01 0.96 0.95 0.92 0.99 0.95 0.96 1.01 0.91 0.89 0.95 0.97 1 0.91 1 0.84 0.91 0.89 0.99 0.96 0.06
MnO% 0.14 0.05 0.1 0.04 0.11 0.08 0.06 0.08 0.1 0.12 0.13 0.08 0.07 0.07 0.06 0.05 0.08 0.06 0.08 0.06 0.09 0.08 0.03
Fe203 % 6.44 3.3 4.99 4.48 4.6 2.58 2.63 4.31 5.05 4.59 5.85 4.8 4.37 4.44 4.87 3.77 4.96 3.13 5.62 2.51 5.1 4.40 1.07

As 26 18 25 24 17 18 14 19 22 15 20 22 27 25 20 28 24 23 31 21 26 22.14 4.41
Ba 246 266 270 257 267 183 177 196 277 279 341 192 161 169 171 153 174 145 251 85 214 213.05 60.72
Co 18 12 18 10 18 12 10 15 15 18 21 13 13 14 13 12 15 10 15 11 15 14.19 3.08
Cr 157 93 123 130 117 83 107 115 139 145 175 132 134 132 149 136 130 96 223 80 131 129.86 31.89
Cu 43 28 46 24 33 26 24 33 46 34 37 41 36 37 37 35 39 29 39 21 38 34.57 7.09
Mo 20 30 18 19 19 25 28 25 21 22 22 17 28 24 23 20 23 27 21 39 22 23.48 4.99
Nb 21 24 20 21 18 20 21 20 18 20 18 17 21 21 21 19 21 20 19 20 20 20.00 1.52
Ni 61 33 51 38 42 29 26 44 53 41 46 50 50 51 55 48 56 38 59 32 54 45.57 9.99
Pb 12 5 15 5 33 17 14 20 25 15 16 30 10 8 10 20 14 3 11 4 17 14.48 8.04
Rb 89 84 89 97 78 72 73 76 72 80 70 83 79 81 83 68 79 69 82 50 80 77.81 9.63
Sb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 16 0 0 0 0.76 3.49
Sc 18 12 13 13 12 8 10 12 15 12 15 14 13 14 13 12 15 10 16 9 14 12.86 2.37
Sn 0 2 0 0 0 0 2 0 7 1 0 0 0 1 2 1 0 6 0 0 0 1.05 1.96
Sr 36 33 37 45 25 36 32 29 102 29 27 29 27 26 25 26 23 24 35 22 34 33.43 16.72
Th 15 18 12 18 8 12 14 12 12 12 10 8 15 16 15 12 14 15 14 15 13 13.33 2.69
U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.00 0.00
V 99 41 69 55 68 36 34 61 75 67 97 67 66 67 73 59 79 44 106 37 74 65.43 20.11
W 8 8 8 6 6 10 9 6 7 8 8 7 8 9 7 7 7 8 7 8 14 7.90 1.73
y 31 29 29 31 22 23 23 26 28 27 26 25 28 28 27 24 25 24 22 21 30 26.14 3.02
Zn 68 48 125 41 136 205 230 142 199 80 74 145 93 87 79 60 67 49 78 56 108 103.33 54.74
Zr 492 623 494 443 553 609 656 616 591 579 579 502 603 555 542 520 528 560 532 793 549 567.57 72.56

 
 
 



Table B.4 - Extraction test results of the old mine tailings (all element concedntrations in mg/l).
Sample- 1 2 3 4 5 6 7 8 9 10 11 12 13

No.
As 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.00 0.00 0.00 0.00 0.00 0.00
Ca 1574.50 660.00 202.50 860.00 1082.50 500.00 1362.50 1770.00 1342.50 2185.00 2182.50 1750.00 3020.00
Co 0.50 1.00 0.00 0.00 10.00 17.50 25.00 30.00 2.50 15.00 15.00 10.00 25.00
Cr 0.00 0.00 0.00 0.00 1.75 1.25 1.75 2.25 1.00 0.50 5.00 2.50 5.00
Cu 2.50 2.50 0.00 0.25 12.52 17.50 22.50 22.50 1.50 2.50 7.50 5.00 10.00
Fe 0.75 2.50 0.50 0.00 50.00 87.50 105.00 60.00 25.00 7.50 55.00 37.50 5.00
Mg 7.50 72.50 17.50 10.00 460.00 687.50 802.50 927.50 290.00 312.50 955.00 650.00 1487.50
Mn 1.25 2.50 0.50 0.50 15.00 22.50 25.00 27.50 10.00 42.50 35.00 25.00 45.00
Ni 1.25 2.50 0.00 0.00 32.50 57.50 77.50 105.00 10.00 45.00 47.50 35.00 80.00
Pb 0.00 0.00 0.00 0.00 0.00 0.50 0.50 0.75 0.25 0.50 0.50 0.50 0.75
S 1257.50 697.50 60.00 650.00 3090.00 3712.50 5097.00 6132.50 2510.00 4837.50 4820.00 4827.50 11262.50
U 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
Zn 0.25 1.50 0.25 0.00 7.50 10.00 12.50 15.00 10.00 80.00 40.00 27.50 60.00

a e - es 0 excess ratIos or t e extracta e trace e ement concentratIOns In SOl S 0 stu ly sIte
Sample- FIliI FIlI2 FIlI3 FIlI4 F/2/I F/2/2 F/2/3 F/2/4 F/3/I F/3/2 F/3/3 F/3/4 F/4/I F/4/2 F/4/3 F/4/4

No.
As - - - - - - - - - - - - - - - -
Co - 40 - - - - - 1.5 30 10 4 5 30 5 2 1.5

Cr - - - - - - - - - - - - 12.5 - - -
Cu - 3.75 - - - - - - 0.13 - - 0.25 1.25 0.13 - 0.38

Ni - 72.5 - - 2.5 - - 0.25 77.5 15 2.5 10 40 10 2 5
Pb - 0.38 - - - - - - - - - 0.25 0.5 - - -
U - - - - - - - - 118.75 62.5 - - 1500 - - -
Zn - 2.75 - - 0.2 0.05 - 0.15 6.25 2.75 0.2 1 5.75 1 - 0.5

 
 
 



Table H.b - Trace element mObIlIty m SOILextractable trace element concentratIons are expressed as a percenta e 01 me total concentratIOn.
Sample FIliI F/lI2 F/lI3 F/lI4 F/2/I F/2/2 F/2/3 F/2/4 F/3/I F/3/2 F/3/3 F/3/4 F/4/I F/4/2 F/4/3 F/4/4

Soil pH 6.69 3.66 6.62 - 4.37 6.67 6.29 - 4.53 5.17 - 4.7 3.7 4.71 - 4.65
As - - - - - - - - - - - - - - - -
Co - 66.67 - - - - - 18.75 25 9.8 14.29 16.67 46.88 20.83 4 15
Cr - - - - - - - - - - - - 0.47 - - -
Cu - 8.33 - - - - - - 0.45 - - 0.96 3.38 0.47 - 1.42

Fe - - - - - - - - - - - - 19.34 - - 8.81
Ni - 50.7 - - 3.01 - - 0.38 24.84 4.98 3.01 10.42 21.39 10.87 1.36 6.41

Pb - 7.5 - - - - - - - - <0.01 12.5 - - - -
U - - - - - - - - 0.4 0.36 - - 6.44 - - -
Zn - 34.38 - - 4.35 1.09 - 4.05 30.49 9.79 5 19.61 39.12 24.39 - 10.2

 
 
 



Table B-7: Correlation matrix (Pearson coefficient) for selected major and trace elements in solid tailings samples from five different tailings dams situated in the East
Rand area (source data from Rosner, 1996; n=36).

SiOz TiOz Ah03 FeZ03 MnO MgO CaO NazO KzO PzOs As Co Cu Cr Ni Pb Zn Th U
SiOz 1 055 0.86 om 026 0.40 0.11 om 0.81 0.30 0.14 03 026 0.44 0.36 0.12 0.10 om 0.00
T~ 1 0.74 om 033 0.58 028 0.10 0.82 026 0.16 0.45 0.30 0.66 057 0.01 0.14 0.15 0.16
AlA 1 0.41 022 0.47 0.40 0.D2 0.% 031 0.10 0.42 0.30 o.ffi 0.45 0.00 0.15 0.11 0.14
FeA 1 033 02> 0.00 026 OIl 052 O.<~ 0 0.02 om om 0.00 0.01 0.05 0.01
Ml£) 1 022 051 0.18 0.12 0.49 0.16 0.01 om 0.02 0.00 0.10 0.17 om O.<X>
Mg() 1 0.15 0.17 0.39 0.30 0.02 022 024 032 038 0.01 0.19 0.17 om
Q() 1 0.14 0.46 0.02 0.19 0.49 035 0.48 0.36 0.46 0.48 0.17 0.54
NaP 1 om 0.00 0.10 om 0.02 om 0.12 OIl 0.00 026 0.05
KP 1 OIl 0.18 0.47 032 o.~ 051 om 0.13 0.15 0.16
PA 1 0.12 0.10 0.19 0.11 0.00 026 055 om 038
As 1 0.30 0.45 032 024 032 0.<X> 0.17 024
Co 1 0.72 0.48 O.su 0.36 056 038 O.ffi
G1 1 0.45 0.76 0.12 024 0.19 0.30
a- 1 0.62 0.12 o.ffi OIl 0.19
Ni 1 0.15 0.43 033 O.:'Q
lb 1 0.72 0.15 0.81
Zn 1 0.18 092
Th 1 028
U 1

r = 1 maximum positive correlation between two variables;
r = 0 no correlation between two variables;
r = -1 maximum negative correlation between two variables.

 
 
 



Table B-8: Correlation matrix (Pearson coefficient) for selected trace elements in soils of the sites A-G (n = 81).
Element As Ba Co Cr Cu Fe Mn Mo Ni

As 1 0.23 0 0.13 0.08 0.24 0.25 0.08 0.41
Ba 1 0.78 0.14 0.30 0.34 0.73 0.40 0.17
Co 1 0.23 0.31 0.37 0.63 0.35 0.51
Cr 1 0.56 0.83 0.04 0.59 0.41
Cu 1 0.68 0.25 0.33 0.59
Fe I 0.26 0.56 0.49
Mn I 0.19 0.16
Mo I 0.11
Ni I
Pb
Th
U
Zn

Pb
0.34
0.58
0.40
0.24
0.13
0.38
0.48
0.42
0.02

1

Th
0.25
0.25
0.29
0.17
0.07
0.20
0.12
0.63
0.09
0.33
I

U
0.74
0.08
0.10
0.01
0.05
0.08
0.09
0.37
0.60
0.13
0.15
I

Zn
0.26
0.13
0.05
0.13

o
0.20
0.12
0.32
0.25
0.03
0.06
0.46
I

r = I
r= 0
r =-1
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Sulphate
(S04)

Occurrence in the gold-bearing
conglomerates

Geochemical properties
In soil and waters

Predominantly from the oxidation of Readily soluble in water, excess CaL
+

sulphide-bearing minerals such as e.g. in dolomitic aquifers results in
pyrite [FeSz]. the precipitation ofCaS04'

Arsenopyrite [FeSAs]. Further
sources are realgar [AszSz] and
orpiment [AsZS3].

Cobaltite [CoAsS] and other
sulphide minerals such as pyrite. In
pyrite, Co can be camouflaged by Fe.

Arsenic is rarely encountered in
natural waters (Lide, 1999).
However, As dissolves under acid
conditions such as in the presence of
AMD.

Properties are similar to Fe and Ni,
where the pH is the main parameter
for the solubility. During the
weathering process, Co may dissolve
more readily than Ni. Co is usually
found in soils in Co (II) species. At
low pH it is oxidised to Co (III) and
often found associated with Fe (Lide,
1999).

Environmental and
health effects

Contents of 200-400 mg/l cause a
salt and bitter taste in drinking water.
Higher contents (> 600 mg/l) can
cause diarrhoea (DWAF, 1996a).
A toxic, non-essential element that
causes chronic (cancer) and acute
poisoning (nerve damage). As (III)
shows phytotoxic effects at contents
between 1-4 mgfkg in plant leaves
(Alloway, 1995). Long-term
exposure of 200-300 ~g/l can cause
skin cancer, contents above lOOO
~g/l are considered to be lethal to
man (DWAF, I996a).

Only a few plant species accumulate
Co under acidic soil conditions
above lOO mgfkg which causes
severe phytotoxicity. Contents of
0.1-5 mg/l when added to nutrients
have been found to be toxic in a
variety of food crops. However, the
occurrence of Co is not common
under field conditions (DWAF,
1996d).

Permissible contents
in water and soil

Target water quality ranges from 0-
200 mg/l in waters for domestic use
(DWAF,1996a).

Target water quality for domestic use
is :::;lo ~g/l and < 200 ~g/l (only for
short-term exposure) for potable
water (DWAF, 1996a). For
comparison, the limit of the
European Union for drinking water is
given as 50 ~g/l (EU 98/83/EG). The
target soil quality is given as < 29
mgfkg and intervention value with >
55 mgfkg dry weight (Dutch List,
1997).
No target water quality for domestic
use is available, but a concentration
of :::;50 ~gfkg is recommended in
soils (DWAF, 1996d). The target soil
quality is given as < 20 mgfkg and
the intervention value with > 240
mgfkg dry weight (Dutch List, 1997).

 
 
 



Chromium
(Cr)

Cr is widely distributed in soils and
rocks where it occurs in minerals
such as chromite [(Fe, Mg) (Cr,
Al)Z04].

Widely distributed in sulphides,
arsenites, chlorides, and carbonates.

Magnetite [Fe304], pyrite [FeSz] and
weathering products such as goethite
[FeO(OH)].

Pyrrothite [Fel_xS], which can
contain up to 5 % Ni and pentlandite
[(Fe, NihSgl Further mineral sources
are chalcopyrite [CuFeSz] and
gersdorffite (NiAsS]. In addition, Ni
can be camouflaged by Fe in pyrite.

Occurs as Cr (III) and Cr (VI) in
waters, where Cr (III) is most stable.
Cr is transported primarily in the
solid phase in streams, and therefore
is not bio-available (Moore &
Ramamoorthy, 1984).

At neutral to alkaline pH, the content
in surface waters is usually low,
whereas in acidic waters, Cu readily
dissolves and significantly higher
contents might occur (Lide, 1999).

Important factor controlling the
migration of Fe is the contents of
other metals such as Mn (DWAF,
1996a). AMD can cause a very low
pH in waters resulting in dissolved
contents of Fe to the order of several
hundred mg/l (DW AF, 1996a).

Is strongly retained by soils,
preferably in the fine particle size
fraction (Moore & Ramamoorthy,
1984). During weathering Ni is
readily remobilized, whereas
precipitation occurs mainly in the
presence of Fe and Mn oxides
(Alloway, 1995) or possibly as As
oxides. Ni, Fe and Co arsenates are
insoluble, except at low pH.

Although Cr is present in all soils
and plants, it is considered
agriculturally as a deleterious
element, where Cr (VI) is more
phytotoxic than the Cr (III).
Phytotoxic effects occur between 5-
30 mglkg in plant leaves (Alloway,
1995). However, Cr is essential to
animals and man and is often found
in high contents in combination with
nucleic acids. The normal human
adult body contains about 6 mg
(Crounse et al., 1983).
Cu is an essential element for almost
all living organisms and the normal
average human adult contains about
100-150 mg (Crounse et al., 1983).
Contents above 30 mg/l can cause
acute poisoning for man with nausea
and vomiting (DWAF, 1996a).
Is an essential element for all living
organisms and an average human
adult contains about 4-5 g (Crounse
et al., 1983). Poisoning is rare, since
very high contents of dissolved Fe in
natural waters hardly ever occur.
Chronic poisoning can be expected at
10-20 mg/l (Lide, 1999).
Ni is is phytotoxic under acid soil
conditions (Nemeth, Molnar, Csillag,
Butjas, Lukacs, Plirtay, Feher & Van
Genuchten, 1993) and toxic to man,
causing liver and heart damage,
cancer and dermatitis at high
concentrations.

Target quality in waters for domestic
use is 50 1lg/1(BGA, 1993). Drinking
water generally contains the same Cr
levels as surface and groundwaters.
The target soil quality is given as <
100 mglkg and the intervention value
with> 380 mglkg dry weight (Dutch
List, 1997).

Target water quality for domestic use
water is < 1 mg/l and for potable
water should not exceed 30 mg/l
(l996a). The target soil quality is
given as < 36 mglkg and the
intervention value with > 190 mglkg
dry weight (Dutch List, 1997).
Target water quality for domestic use
is ~ 0.1 mg/l. No target soil quality is
given since Fe is a major constituent
of soils.

Target water quality for domestic use
is not available. The limit for
agricultural use such as irrigation is
given as ~ 0.2 mg/l (DWAF, 1996d).
The target soil quality is given as <
35 mglkg and the intervention value
with> 210 mglkg dry weight (Dutch
List, 1997).

 
 
 



Manganese
(Mn)

Spahlerite [(Zn, Fe)S], which often
contains some Mn.

Sphalerite [ZnS], which is often
associated with galena.

Similar to Fe, where both elements
tend to dissolve under aerobic
conditions and co-precipitate under
anaerobic conditions. Once Mn is
dissolved, it is difficult to remove
from solution except at high pH,
where it precipitates as the hydroxide
(DWAF,1996a).
Contents of Pb in soil solution reach
a minimum below a pH of 5-6 and
increase below pH 4 - 5 and above 6-
7, because metal-organic complexes
are formed in this pH range (Lide,
1999). Chemical properties are
similar to those of Cd, Co, Ni and Zn
(DWAF, 1996d). In connection with
AMD, Pb forms insoluble PbC03

(cerussite), PbS04 (anglesite)
compounds or Fe-hydroxides. Much
of the Pb transported in streams is in
the form of suspended matter, and
thus not bio-available (Lide, 1999).

Zn is dissolved under acidic
conditions, whereas at pH > 8 it
precipitates as the relatively stable
hydroxide Zn(OH)2 (Moore &
Ramamoorthy, 1984). Zn strongly
interacts with Cd, which shows
similar geochemical properties (Lide,
1999).

Mn is essential to a wide variety of
animals (Crounse et aI., 1983).
Although it is less toxic than other
metals, chronic effects occur at
contents above 20 mg/l (DWAF,
1996a).

Pb is non-essential and above normal
blood and tissue levels toxic to
humans and animals. Pb is neither as
toxic as many other heavy metals nor
as bio-available, however, it is
generally more ubiquitous in the
environment and IS a cumulative
toxin in the mammalian body, thus
toxic concentrations can accumulate
in the bone narrow (Alloway &
Ayres, 1996). Significant health
effects such as limitation of
neurological functions can be
expected from contents above 50
I!g/I. Very high levels of Pb are
lethal to man (Lide, 1999).
Zn is an essential element is a variety
of animals (Olson, 1983). Zn is
phytotoxic and less toxic to man than
other heavy metals (Alloway &
Ayres, 1996); acute toxic effects can
be expected at contents above 700
mg/l (DWAF, 1996a). Zn is mainly a
cause of

Target water quality for domestic use
is given as ::; 0.05 mg/l (DWAF,
1996a). No target soil quality is
given since Mn is a major constituent
of soils.

Target water quality for domestic use
IS given as ::; 10 I!g/l (DWAF,
1996a). The target soil quality is
given as < 85 mg/kg and the
intervention value with> 230 mg/kg
(Dutch List, 1997).

Target water quality for domestic use
is given as ::;3 mg/I. The target soil
quality is given as < 140 mg/kg and
the intervention value with > 720
mg/kg dry weight (Dutch List, 1997).

 
 
 



Uraninite [U02], which alters to
limonite and hematite. Further
sources are zircon and monazite
(Meyer, Saager & Kolpel, 1986).
Note, that the Wits ore is low in Th
(CNS, 1997).

CN is typically not contained in the
Wits ore, but added [NaCN] during
the gold recovery process.

U has a complex decay chain
resulting in emissions of different
radiations and the generation of
different radioactive daughter
products. U can accumulate in waters
and migrate over long distances even
at pH > 7.5, because of its ability to
form complexes such as with
carbonates in dolomitic waters
(Bowie & Plant, 1983).

Most of the aqueous cyanide is in the
hydrocyanic form and IS largely
undissociated at pH values < 8
(DWAF, 1996t). In addition, the
cyanide ion (CN") decomposes in
aqueous solutions to cyanate (OCN-),
which is not stabile and further
decomposes to CO2 and NH3

(Mortimer, 1987).

U and its compounds are highly
toxic, both under chemical and
radiological aspects. However, U
contents in human bodies vary due to
geographic differences of U in the
environment averaging 0.02 mg per
70 kg (Lide, 1999).

Toxicity depends on various factors
such as pH, temperature, dissolved
oxygen content, salinity and the
presence of other ions in solution.
Chronic effects are expected at
concentrations of about 4 Ilg/l and
acute effects at concentrations > 11
Ilg/l free cyanide (DWAF, 1996 t).
The lethal dose for humans is 1-3
mglkg body weight (Lide, 1999).

A U content of 0.07 mg/l should not
be exceeded in water for domestic
use. Contents above 0.284 mg/l
indicate a cancer risk < 1 : 200 000
and above 1.42 mg/l an increased
cancer risk for humans in the long-
term or renal damage in the short-
time (DWAF, 1996a). Target water
quality for irrigation waters is given
as > 0.1 mg/l only over the short-
term and on a site-specific base
(DWAF,1996).
The target water quality for free
cyanide In aquatic ecosystems is
given as ~ 1 Ilg/l (DWAF, 1996 t).
For comparison, the limit of the
European Union for drinking water is
given as 50 Ilg/l for total CN (EU
98/83/EG). The target soil quality is
given as < 5 mglkg (pH < 5) and the
intervention value with > 50 mglkg
dry weight (pH < 5) would require
remedial actions (Dutch List, 1997).

Note: Abbreviations DWAF = Department of Water Affairs and Forestry. BGA = Bundesgesundheitsamt, Germany. Dutch List, 1997 refers to the Netherlands Ministry of
Housing, Physical Planning and Environment, 1997
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Fig. E.l - Study site A. Partially reclaimed.
Dam height approximately 15-20metres.

FIG. E.3 - Study site B. One of the test pits,
maximum depth 2.40 m.

FIG. E.S - Study site E. Some portions of
tailings remaining on the surface. Paddocks
were established to prevent storm water run-
off.

FIG. E.Z - Study site B. Some portions of
tailings remaining on the surface. Paddocks
were established to prevent storm water run-
off.

FIG. E.4 - Study site D. Some portions of
tailings remaining on the surface. Grass cover
is poorly developed.

FIG. E.6 - Study site F. Some portions of
tailings remaining on the surface. Grass cover
is poorly developed

 
 
 



FIG. E.7 - Study site I. Rehabilitation of the slope
wall to prevent wind erosion and dust generation.

FIG. E.9 - Seepage sampling next to an operating
tailings dam site near Duduza. The water is highly
acidic.

FIG. E.ll - Ferricrete block consisting of iron
concretions.

FIG. E.8 - Track-mounted backactor on a Merce-
des Unimog in action at one of the investigated sites.

FIG. E.I0 - Seepage in test pit e/2. A sample was
taken for chemical analysis.

FIG. E.n - Precipitation of secondary minerals
such as gypsum. Photograph taken at study site G.

 
 
 



Fig. E.13 - Satellite image of the Johannesburg area, depicting the location of tailings dams, drainage systems and the
study area
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