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PREFACE

The experimental work described in this thesis was carried out in the Department
of Geological Sciences, University of Cape Town, Rondebosch, from August to
November, 1996, under the supervision of Associate Professor J. Willis of the
Department of Geological Sciences.

These studies represent original work by the author and have not been submitted
for degree purposes to another University. Where use was made of the work of
others it has been acknowledged in the text.

| Signed by candidate |

T.FJ. Hélbich
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Appendix IV

Precipitate energy dispersive spectra

A IV.1 SEM energy dispersive spectra of precipitate P2 (outwelling point).
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Figure A IV.1 P2 encrustation EDS spectrum. (Range: 20 keV, Total
counts = 345931)
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Figure A IV.2 P2 total area EDS spectrum. (Range: 20 keV, Total
counts = 301590)
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A IV.2 SEM energy dispersive spectra of precipitate P3 (V-notch 14).
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Figure A IV.3 P3 conglomerate EDS spectrum. (Range: 20 keV, Total
counts = 233250)
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Figure A IV 4 P3 spindle shapes EDS spectrum. (Range: 20 keV, Total

counts = 327586)
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A IV.3 SEM energy dispersive spectra of precipitate P13 (AMD dam 6).
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Figure AIV.S P13 needles structure EDS spectrum. (Range: 20 keV, Total
counts = 183732)
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Figure AIV.6 P13 pseudo cubic structure EDS spectrum. (Range: 20 keV, Total

counts = 215727)
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Figure A IV.7 P13 rounded feature EDS spectrum. (Range: 20 keV, Total

counts = 28631)

A IV.4 SEM energy dispersive spectra of precipitate P15 (AMD ditch).
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P15 pin cushion structure EDS spectrum. (Range: 20 keV, Total
counts = 83512)

Figure A IV.8
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Appendix V

Algae energy dispersive spectra

A V.1 SEM energy dispersive spectra of Mougeotia sp. algae
r_ 50["_
Lb Z‘nloa!. S Kai
1 rgnLbl AlKal ® Kal

} ¢ "Lb ATKb1 1 xx:;_\rﬁbr #;

E T 200 3000 4 000
Figure A V.1 Mougeotia sp. cell wall EDS spectrum. (Range: 20 keV, Total

counts = 467726)
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Figure A V.2 Mougeotia sp. cytoplasm EDS spectrum. (Range: 20 keV, Total

counts = 217437)
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Figure A V.3 Mougeotia sp. backround EDS spectrum. (Range: 20 keV, Total
counts = 217437)
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A V.2 SEM energy dispersive spectra of Microspora sp. algae
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Figure A V.4 Microspora sp. cell wall EDS spectrum. (Range: 20 keV, Total

counts = 313983)
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Figure A V.5 Microspora sp. cytoplasm EDS spectrum. (Range: 20 keV, Total
counts = 226009)
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Figure A V.6 Microspora sp. backround EDS spectrum. (Range: 20 keV, Total
counts = 285226)
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Appendix VI
INSTRUMENTAL PARAMETERS AND DATA QUALITY FOR ROUTINE TRACE ELEMENT
DETERMINETAIONS BY WDXRFS
TRACE ELEMENTS

Trace elements are determined on powder briquettes using a series of x-ray tubes. Analytical
conditions are listed in Tables 2 and 3.

Table A VI.1 X-ray tubes and tube and x-ray path settings for the determination of trace elements
using a Siemens SRS303AS and Philips PW1480 WDXRF spectrometer.

Spectrometer Element/line Xoray tube X-ray path
Target kV - mA
SRS303AS RhKaC Rh 60 45 Vacuum
SRS303AS MoKa Rh 60 45 Vacuum
SRS303AS NbKe Rh 60 45 Vacuum
SRS303AS ZrKe Rh 60 45 Vacuum
SRS303AS Y Ke Rh 60 45 Vacuum
SRS303AS SrKa Rh 60 45 Vacuum
SRS303AS ULe, Rh 60 45 Vacuum
SRS303AS RbKa Rh 60 45 Vacuum
SRS303AS ThLe, Rh 60 45 Vacuum
SRS303AS PbLB, Rh 60 45 Vacuum
PW1480 ZnKa Au 60 45 Vacuum
PW1480 CuKa Au 60 45 Vacuum
PW1480 NiKa Au 60 45 Vacuum
PW1480 CoKe w 50 55 Vacuum
PW1480 MnKe w 50 55 Vacuum
PW1480 CrKe W 50 55 Vacuum
PW1480 VKa w 50 55 Vacuum
PW1480 Bale, Cr 50 55 Vacuum

PW1480 ScKa Cr 50 55 Vacuum
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Table V1.2 Instrumental conditions for determination of trace elements using a Siemens SRS303AS
and Philips PW1480 WDXRF spectrometer.

Background
O Cottmaar Gl Do M, Coing - nt) - Concneon
position
RhKaC F LiF(220) SC 06 1.5 200
MoKa F LiF(200) sC 07 17 160 -08 +0.65 0 - 52
NbKa F LiF(200) sC 05 16 160 0 - 268
ZrKa F LiF(200) SC 05 16 160 0 - 1210
Y Ka F LiF(200) SC 05 16 160 -0.61 +0.54 0 - 143
SrKa F LiF(200) e 05 16 160 +0.60 0 - 440
ULq, F LiF(200) e 05 16 160 0-15
RbK«a F LiF(200) SC 0.5 16 160 +0.53 0 - 530
ThLe, F LiF(200) SC 05 16 160 0 - 51
PbLp, F LiF(200) sC 04 14 160 +1.27 0 - 40
ZnKea F LiF(220) FS 20 80 200 -1.08 +4.24 0 - 235
CuKa F LiF(220) FS 20 80 200 +4.44 0 - 227
NiKa F LiF(220) FS 20 80 200 +2.52 0 - 630
CoKa F LiF(220) FL 15 75 200 +1.00 0 - 116
MnKa F LiF(220) FL 15 75 200 -230 +4.70 0 - 1700
CrKa F LiF(220) FL 15 75 200 410 +290 0 - 465
VKea F LiF(220) FL 13 67 200 +3.40 0 - 640
Bal«, F LiF(200) FL 25 75 200 -5.20 0 - 2680
__ScKzz f LiF(200) FL 25 I8 200 -2.78 0 - 54
* = all concentrations expressed as part per million ( ppm or mg.kg™)

The RhKe Compton peak is used to determine the mass absorption coefficients of the specimens at
the RhKaC wavelength (Figure 5) and the calculated values are used to correct for absorption effects
on the Mo, Nb, Zr, Y, Sr, U, Rb, Th, Pb, Zn, Cu and Ni analyte wavelengths. Primary and secondary
mass absorption coefficients for the Co, Mn, Cr, V, Ba and Sc analyte wavelengths are calculated from
major element compositions using the tables of Heinrich (1986). Mass absorption coefficient
corrections are made to the net peak intensities, (gross peak intensities corrected for dead time losses,
background and spectral overlap), to correct for absorption differences between standards and
specimens. No corrections are made for enhancement, which could be small but significant (< ~5%
relative) for the elements Cr, V, Ba and Sc in certain specimens, depending on their concentrations

of Fe, Mn and Ti.
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Figure VI.1 Calibration line for determination of mass absorption coefficients at the RhKaC
wavelength. RhKaC peak time is the time required to accumulate 400 000 counts
on the RhKaC peak using the fixed count method.

Measured intensity data are processed through the computer program TRACE to correct gross peak
intensities for background and spectral overlap and to make mass absorption coefficient corrections
according to the methods outlined in Duncan et al. (1984). First order calibration lines with zero
intercept are calculated using six or more international rock standard reference materials (SRMs) for
each element. The one standard deviation (1 o) error due to counting statistics and the lower limit
of detection is calculated for each element in each specimen.

Table 4 lists the given and calculated concentrations for selected elements in a number of rock SRMs,
which gives an indication of the accuracy of the trace element data. Table 5 lists the one standard
deviation counting error and lower limit of detection for each of the elements in an acidic (low Fe, Ca
and Mg, high Si) rock and in a mafic (high Fe, Ca and Mg, low Si) rock. Because of the difference
in mass absorption coefficients between the two types of specimen the counting error and lower limit
of detection will be slightly higher in mafic rock specimens. The two examples given cover the range
of mass absorption coefficients found in the majority of geological rock, soil and sediment specimens.

The counting error and lower limit of detection are calculated using the following formulae:

Lo h
l_Ti__b
I

n

1o error (in ppm) = Conc x

and

x40majst.doc



LLD (in ppm) = 2
m

whereConc =calculated concentration in ppm
m=net peak / concentration

[, =gross peak count rate in cps .

I, =background count rate under the peak in cps

I,=I, - I, = true net peak count rate in cps
T, = counting time for peak in seconds
T, = total counting time for background in seconds
Tow = T, + T,

N.B. I, is the calculated background plus any corrections for spectral interference, and is equal to
L-1,.
P n

Table A VI3 Given and calculated trace element data (all values in ppm) for some rock SRMs.

QLO-1 . BHVO-1 W-2 STM-1 BIR-1
Element
Given Calc Given Calc Given Calc Given Calc Given Cale
Mo 2.6 35 1.0 0.8 0.6 0.5 52 31 (05 <08
Nb 10 11 19 19 7.9 7.4 268 267 0.6 0.9
Zr 185 190 179 181 94 95 1210 1220 16 19
Y 24 25 28 28 24 23 46 47 16 17
Sr 336 329 403 395 194 195 700 689 108 109
U 19 23 0.4 <16 0.5 <12 9.1 8.8 001 <12
Rb 74 71 1 9.7 20 20 118 114 03 <06
Th 45 4.0 1.1 18 22 2.7 31 31 0.03 <15
Pb 20 20 26 31 93 85 18 17 3 31
Zn 61 61 105 106 77 79 235 242 71 69
Cu 29 25 136 139 103 108 46 21 126 132
Ni (58 1.8 121 127 70 72 @3 1.7 166 170
Co 72 7.6 45 44 4 43 09 <19 51 52
Mn 720 690 1300 1290 1260 1240 1700 1600 1320 1280
Cr 32 36 289 312 93 100 (43 32 382 404
v 54 44 317 314 262 257 87 <16 313 306
Ba 1370 1430 139 138 182 191 560 589 7.0 10
Sc 89 103 318 339 35 36 06 05 4 39
(n.n = value given for information only
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Table A VI4 Calculated trace element data, 1 ¢ counting error and lower limit of detection
(all values in ppm) for two rock specimens having different mass absorption
coefTicients.

JR-2 JB-1a
Element

Calc lo LLD Calc lo LLD
Mo 4.1 0.2 0.6 1.8 0.3 0.7
Nb 19 0.1 0.4 28 0.2 0.5
Zr 87 0.1 03 152 0.2 0.4
Y 51 0.2 0.6 24 0.2 0.6
Sr 8.2 0.1 0.4 444 03 0.5
U 11 03 0.9 23 0.4 12
Rb 303 0.2 0.4 39 0.2 0.6
Th 34 0.4 1.1 9.8 0.5 1.4
Pb 24 0.5 13 7.5 0.6 1.8
Zn 28 0.2 0.6 84 0.4 0.9
Cu 1.1 0.3 0.8 55 0.5 1.1
Ni 1.3 03 0.8 139 0.7 1.3
Co <12 04 12 37 09 23
Mn 878 1.7 1.2 1100 2.0 1.8
Cr 1.6 0.4 13 406 1.5 2.0
\'% 1.7 04 1.2 193 1.4 3.0
Ba 28 0.6 1.5 523 1.8 33
Sc 6.0 0.2 n.s 26 n4 no9
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Appendix VII

Water quality guidelines

A summary of the target water quality ranges as specified by the South African Department
of Water Affairs and Forestry (DWAF,1996).

Table A VII.L1 Water quality guidelines for elements and ions.

Element or ion Target water
quality range
(mg/¢)

pH 6.0 - 9.0

TDS 0.0 - 450

SOz 0.0 - 200

Cl- 0.0 - 250

NO," as N 0.0 - 6.0

F- 0.0-1.0

Na 0.0 - 100

K 0.0 - 50

Ca 0.0 - 32 |

Mg 0.0 -70

Fe 0.0-0.1

Al 0.0 - 0.15

Mn 0.0 - 0.05

Zn 0.0-3.0

Cu 00-1.0

Pb 0.0 - 0.01
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Appendix VIII

A note on the high lead concentrations in the Blesbokspruit waters

A discussion on the hjgﬁ lead concentrations of the Blesbokspruit waters.

The high lead concentration (>0.95 mg/l) in both the AMD and the fresh waters (W20, W21) of the
Blesbokspruit can indicate analytical error in the ICP analysis of the water samples.

However, Blesbokspruit sediments do contain elevated concentrations of lead, suggesting the
precipitation of lead sulphate (PbSO,) in these sulphate rich waters. The presence of lead containing
minerals could not be confirmed by XRD spectroscopy.





