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ABSTRACT

This study involves the application, interpretatemd utilization of regional geochemical
data for target generation in the North West ProwinSouth Africa. A regional soll
geochemical survey programme has been carried yothebCouncil of Geoscience South
Africa since 1973. A number of 1:250 000 sheet aateave been completed, but there are no
interpretative maps which could aid in mineral exption and other purposes. In order to
utilize the valuable and expensive data, the ptojgs motivated through data acquisition
and interpretation to generate exploration targets.

The study area is confined to Mafikeng, Vryburgriman and Christiana in the Northwest
Province, where potential exploration and miningp@punities exist in areas of great
geological interest. These include geological &vesuch as the Bushveld Complex, the
Kalahari manganese field and the Kraaipan greeadtelts.

The aim of this project was to utilize geochemidakta together with geophysical and
geological information to verify and identificatiaf possible obscured ore bodies or zones
of mineralization, and to generate targets. Anothigective was the author to be trained in
the techniques of geochemical data processingpiation and integration of techniques
such as geophysics, in the understanding of thieggand economic geology of the areas.

Approximately 5 kg of surface soil was collected fieknf by CGS from foot traversing.
Pellets of the samples were prepared and analygeti®,, MnO and Fg0s, Sc, V, Cr, Ni,
Co, Cu, Zn, As, Y, Ba, Nb, Rb, Th, W, Zr, Pb, Sd&husing the simultaneous wavelength-
dispersive X-ray fluorescence spectrometer teclenajuthe Council for Geoscience, South
Africa. For each element the mean +2 standard tlengawere used as a threshold value to
separate the negative from the positive anomalies.integration of geological, geophysical
and geochemical information was used to analyzeuma®rstand the areas of interest. A
number of computer programmes were extensively @sedata processing, manipulation,
and presentation. These include Golden SoftwaréeSd?, Arc-View 3.2&, TNT-Mips®,
JMP 8°, and Microsoft Excél

Through geochemical data processing and interatatogether with the low resolution
aeromagnetic data, gravity data and geological, d&tzen (7) exploration target areas have
been generated: These have been numbered A to i&.ctincluded that there is good
potential for Cr, PGMs, vanadium, nickel, iron, pep manganese, uranium and niobium in
the targets generated. The results provide someatmoh and guide for exploration in the
target areas.

In Target A, Cu, Cr, Fe, Ni and V anomalies frora tbwer chromitite zone of far western
zone of the Bushveld Complex, which has be overaig the thick surface sand of the
Gordonia Formation.

Target B occurs over the diabase, norite, anddake and andalusite muscovite hornfels of
the Magaliesberg Formation. This target has themi@tl for Cu, Fe and Ni mineralization.

The felsic rocks of the Kanye Formation and the ddabe Granite in target C have shown
some positive anomalies of niobium, uranium, yttriand rubidium which give the area
potential for Nb, REE and U exploration.



Target D is located on the Allanridge Formationd dras significant potential for Ni-Cu
mineralization, and is associated with the komatiiava at the base of the Allanridge
Formation in the Christiana Area.

The light green tholeiitic, calc-alkali basalt aswadesitic rocks of the Rietgat Formation are
characterized by a north-south trending yttrium raaly with supporting Ba and Y
anomalies (Target E). This makes the area a paté¢atpet for rare earth elements.

Calcrete on the west of the Kuruman has a low brg@tl target for vanadium. It is believed
that the area might be potential for potassium-uranvanadate minerals, carnotite which is
mostly found in calcrete deposits.

This study has proved to be a useful and appraaalilizing the valuable geochemical data
for exploration and future mining, generated by @olufor Geoscience Science.

It is recommended that further detailed soil, rackl geochemical surveys and ultimately
diamond drilling be carried out in the explorattanget areas generated by this study.
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CHAPTER ONE
1 INTRODUCTION

1.1 BACKGROUND

The South African Council for Geoscience has beenymg out a regional geochemical
soil sampling programme on a scale 1:250 000 si®&3. This survey will eventually
cover the entire country (Fig. 1.1-1). The primgective of the programme is to locate
mineralized bodies or provinces that may be of eona importance, to create
geochemical infrastructure and for environmentadant monitoring (Elsenbroek, 1994).

At present, the only analytical technique usedafeariety of elements is quantitative X-
Ray fluorescence spectrometry (XRF). Regional geoutal soil samples were analyzed
on a 26 fixed and 2 scanner channel simultaneouB.ldRhis method twenty four
elements are analyzed simultaneously per samp@; (Pio), MnO (%), FeOs; (%) Sc
(ppm), V (ppm), Cr (ppm), Co (ppm), Ni (ppm), Cup(@), Zn (ppm), As (ppm),
Rb(ppm), Sr (ppm), Y (ppm), Nb (ppm), Zr (ppm), Gpm), W (ppm), Pb (ppm), Th
(ppm) and U (ppm) (Elsenbroek, 1994).

This study deals with the interpretation and theliaption of the geochemical data
collected by the Council for Geosciences for taggeteration in the following 1:250 000
Sheets of the North West Province of South Africa:

a) Christiana;

b) Kuruman;

c) Mafikeng; and

d) Vryburg.
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Figure 1.1-1: Current status of the national geochemical mapping programme of South Africa (Council for Geoscience, 2006).



1.2 AIMSAND OBJECTIVES

1.2.1 Overall objective

The overall objective includes: Data acquisitionterpretation and utilization of regional
geochemical data acquired from the Council for Geoge South Africa for target
generation for mineral exploration within the NoiVest Province, South Africa. The
MSc candidate will be trained in field sampling,talacollection, geochemical data

interpretation and spatial analysis, and integnati@thodologies for target generation.

1.2.2 Specific objectives

The specific objectives are as follows:

» Carry out a comprehensive literature review ofghaly area in terms of geology,
mineralization and relevant published informatioaiible;

* Obtain and review the regional geochemical datideatify some potential areas
for carrying out more detailed geochemical datarjprtetation;

» Carry out spatial analysis (to carry out statistanalysis of geochemical data and
overlay the geochemical, geophysics and geologiatd in order to understand
the distribution and the nature of the geochemacaimalies resulted from each
element outlined in the scope of this study) byngsBurfer and Arc-View
computer software techniques.

» Identify anomalies and relate to the geology argsjiide ore deposits;

» Utilize other available information, e.g. geophydidata and existing information
to refine the interpretation; and

* Generate exploration targets.



1.3 RESULTSEXPECTED

» Geochemical classed post maps to show the distibubf all the major
elements/trace elements in a geographic informatystem (GIS);

» Target generation maps indicate potential areasemtnere could be possibilities
of obscured ore deposits; and

» Identification of areas of interest based on theatmn, geochemistry and all
geophysical characteristics for possible deteabibmew ore deposits in the North

West Province.

1.4 LOCATION OF THE STUDY AREA

The study area is located in North West Provincéckvioovers a total area of 116 320
km? (9.5% of the total of South Africa), which is thieth largest of the nine provinces.
Geographically it is situated between latitudesa2isl 28 degrees south equator and
between longitudes 23 and 28 degrees east (Figl)1.Zhe North West Province is
bordered by the provinces of the Northern Capédénwest, the Free State in the south,
Gauteng in the east and Limpopo (formerly NortH&rovince) in the north-east. It shares

an international border with the Republic of Botaaan the north.

1.4.1 Topography

The North West Province is purported to have thestmaiform terrain of all the

provinces with an altitude ranging between 920 &r82 meters above sea level. The
central and western regions are characterizedabyofl gently undulating plains. Dunes
associated with the arid environment of the Kalak@sert occur in the far western
region. The eastern region (east and north-easfeafrust) is of a more variable
topography, giving rise to the Magaliesberg mountainge, formed of the Transvaal
Sequence’s Magaliesberg Quartzite Formation. Amopheminent feature in the east is

the Pilanesberg which consists of a formation aficemtric hills or ring- dykes that



constitute the eroded remnants of an ancient vol¢dre Pilanesberg alkaline Volacanic

complex).
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Figure 1.4-1: Locality map of the North West Province study area and sampling sites.




1.4.2 Climate and rainfall

Climatic conditions in the study area vary sigrafitly from west to east. The far western
region is arid (receiving less than 300 mm of ralinber annum), and encompasses the
eastern reaches of the Kalahari desert. The cergan of the province is dominated by
typically semi-arid conditions, with the eastermgiom being predominantly temperate.
The rainfall pattern is highly variable both splyiand temporally and largely mirrors
the prevailing climatic conditions of the provinc®n average, the western region
receives less than 300mm per annum, the centra@megyound 550 mm per annum,
while in the eastern and south-eastern regionsiveeaever 600 mm per annum. The
dominant rainfall season in the central region iddie summer (peaking in January).
The western parts of the province typically recei@m in the late summer (peaking in
February), while the eastern parts, rainfall tyfjycpeaks in early summer (NWPSoOER,
2002).

The province is also characterized by great sehsonhadaily variations in temperature,
being very hot in summer (daily average high terapees of 32°C in January) and mild
to cold in winter (average daily minimum of 0.9%CJuly). Seasonal fluctuations in mean
temperatures between the warmest and the coldesthemexceed 15°C in the western
region, while the central and eastern regions egpee a range between 12°C and 15°C.
De Villers et al. (1994) noted that relative hurtyds also typically low throughout the
Province, being below 28% in the northern parthef Province in July and between 28-
30% for the central and eastern regions. In Felgrube month with the highest relative
humidity, the eastern and northern parts range dmtv66 and 68 % and the rest of the
province ranges between 64-66%. This gives rishighb potential evapo-transpiration
rates, affecting the flora of the region (NWPSoE802).



1.4.3 Hydrology of the study area

Water is one of the North West Province's mosicalitand limiting natural resources.
The sources of water available in the Provincesaméace water and groundwater. The
North West Province's surface water comprises sjvéams, pans, wetlands and dolomite
eyes fed by underground springs. Apart from highdyiable precipitation from year to
year, one of the most important factors affectingfaxe water in the Province is the
highly variable but low actual runoff. Runoff agparcentage of the precipitation ranges
from less than 1% in the west to approximately T2thie eastern region. The average
runoff for the Province is 6%, which is below theeeage of 9% for Southern Africa
(Schulze, 1997).

1.4.3.1 Drainage pattern

Being predominantly a dry province, the North WBsbvince has very few perennial
rivers. Of the six major drainage basins in SouthcA, the Orange and the Vaal River
basin partly fall within the boundaries of the prme. With the exception of the Vaal
River, the highly variable runoff from the non-pené&l water sources prohibits direct

utilization by runoff-river abstraction on a largeale from major rivers in the Province.

The Vaal River which forms the southern boundaryhef Province with the Free State
originates on the western slopes of the northeatoseof the Drakensberg-range in
Mpumalanga, flows for about 900 km westwards actbssinterior plateau, through
Gauteng and North West Province and joins the QraRier near Douglas in the
Northern Cape. Apart from the Molopo River, ithe only west flowing river system in
the North West Province and is known for its exmayal flood plains, wetland systems,
dolomite eyes and natural riverine vegetation m lthwer reaches. Major tributaries of
the Vaal River which have entire catchments witthie North West Province are the
Harts, Dry Harts, Schoonspruit, Makwassiespruit Bathboesspruit Rivers. The Mooi
River, another major Vaal River system tributarg lits headwaters in the North West
Province, but is joined by a number of tributaflesving from Gauteng.



The Molopo River, which rises from the Molopo Ey&an Mafikeng, flows westwards to
form the northern border of the North West Provingdh Botswana. The Molopo River
was once a tributary of the Orange (NWPSo0ER, 2002).

1.4.3.2 Groundwater

Although the North West Province has few surfacdewaesources it has a large
reservoir of subterranean water in the form of tiremd aquifers and dolomitic
compartments. According to Nel et al. (1995), gbwmater regions in the North West
Province can be divided into the following areas:

* Ghaap Plateau dolomites;

» Coetzersdam-Louwna Granite-Gneiss region;

* Vryburg Basin;

» Kalahari Basin:

» Western Transvaal dolomite; and

» Other groundwater reserves.

The Province's groundwater storage occurs in a suimbways. Most of the Province's
aquifers comprise secondary fractured aquifersomttsAfrica. Storage and flow in these
aquifers occur in the permeable transition zoneveeh weathered soil and hard rock,
fracture and fissure zones in hard rock, and com@mues between intrusions and country
rock. Yields from secondary aquifers are usually balow those found in dolomite.
Usually these aquifers are semi-confined, which maehat the pressure in the aquifer
exceeds the general air pressure causing groundizatése in a borehole. Excessive
dewatering of the fracture zones that yield theewaff a well might cause the fracture
zone to be compressed due to the high pressureefohe the yield of the well might
decrease if it is pumped above its sustainablel YWWPSo0ER, 2002).

The groundwater from the basic igneous rocks 8 bddble to contain a certain amount
of dissolved materials. NWPSOER, (2002) noted thatery highly weathered zones
within the Ventersdorp rocks, a high degree of Wweahg produces a large amount of



clay, with the consequent impeding of the undergdowater seepage. Water from areas
underlain by granites is usually very good, althowgter may be slightly acidic. Water

in the Bankeveld is strongly controlled by the damgof metamorphism. The higher

degree of metamorphism in the west has as a coeseguhat shale are better aquifers
than quartzite, while the picture reverses in thst.eThe quality of the quartzite water is
very pure, while that of the shale tends to vary.

The water from the Bushveld basin tends to varguantity and quality in accordance
with the rock type as well as the degree of weathgemNoritic aquifers tend to display

fairly high silica content. Water derived from ungund sources in the Pilanesberg
Complex has unusually high fluoride content dueitsoalkaline nature (NWPSOER,

2002).

Underground water seems to be limited in the aceagred by the Kalahari Group.

Water is frequently brackish and the general yieldssmall. The depth of the water table
is often in excess of 130 meters.

Groundwater in the Province is also stored in acawesnd dissolution chambers in
dolomitic rock and karstic formations that haverexiely high transmissivity values. The
yield of an aquifer is determined by its storagiveind transmissivity. When a borehole is
pumped, the groundwater level is drawn down in aecaround it. The depth of draw

down and radius of the cone are determined by llysipal properties of the aquifer. In

dolomite the draw down is usually very small beeawster flows quickly towards the

well due to the large transmissivity values. Theewvauality from dolomite sources is

usually good (except where polluted by mining atfteoindustries), although this water
usually has high carbonate content (NWPSoER, 2002).
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CHAPTER TWO
2 METHODOLOGY

21 GEOCHEMICAL SOIL SAMPLING AND SAMPLE PREPARATION

Soil samples were collected by Council for Geosme(CGS) at a density (scale) of a
sample kA Although the author was not involved in the sampland laboratory data

analysis for the data sets used in this study, ileuddertake a similar excise of data
collection (Benoni Project, November 2005- Janu2096), laboratory preparation and
X-ray analysis. The objective of this study wasfamiliarize and give the author an

understanding of the processes of geochemicalahatiysis.

Approximately 3 kg of surface soil samples werdeméd by the CGS at each locality.
Sampling was initially carried out by foot travengi but this method proved to be
tedious, time consuming and unreliable. Helicoptgnported transport was introduced,
which speeded up the operation considerably. Sampére dried at £75 °C and then
sieved to the <75um fraction. Only the fine fracid<75um fraction) were analyzed. A
few drops of poly-vinyl-alcohol (PVA) is mixed with0-25grams of the sieved powder
sample and placed in an aluminum cup from whicleléepis pressed at 30 tons iffch

The pellets are then analyzed for 24 elements usin§imultaneous Wavelength-
Dispersive X-ray Fluorescence Spectrometer (SWDXRRe original sample and the

remaining <75um fraction were stored for future (EBlsenbroek, 1994).

22 GEOCHEMICAL ANALYSIS

2.2.1 Instrumentation

Only the trace elements were analyzed and the sisalyas performed on a Philips
PW1606 SWDXRF with 28 channels. Of these 28 chanr are used for the element
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concentration determination, and three are for omaag the Rhi§ Compton peak for
mass absorption coefficient determination. A 3 kW-tRrget end-window tube is used,
which is operated at 60 kV and 40 mA. An Ag maghkigkling plate) spectral lines,

crystal, detector,@angle and counting times used are summarizedble2a2-1.

Table 2.2-1: Instrumental setting on the SWDXRF (Elsenbroek, 1994).

Element [Line Crystal |Detector Count time/s [Angle 20

Sc Ko LiF200 | Krypton, sealed 100 91.7
Ti Ka LiF200 | Krypton, sealed 1Q0 86.14
V Ka LiF200 | Krypton, sealed 100 76.94
Cr Ka LiF200 | Krypton, sealed 100 69.86
Mn Ka LiIF200 | Krypton, sealed 100 62.D8
Fe Ka LiF200 | Krypton, sealed 100 57.p2
Cu Ko LiF200 | Krypton, sealed 100 54.8
Ni Ka LiF200 | Krypton, sealed 100 48.66
Cu Ka LiF200 | Krypton, sealed 100 45.p3
Zn Ka LiF200 | Xenon, sealed 100 41.8
As Ka LiF200 | Xenon, sealed 100 3044
Rb Ka LiF200 | Xenon, sealed 100 26)62
Sr Ka LiF200 | Xenon, sealed 100 25]16
Y Ka LiF200 | Xenon, sealed 100 23.
Zr Ka LiF200 | Scintillation 100 22.56
Nb Ka LiF200 | Scintillation 100 214
Mo Ka LiF200 | Scintillation 100 20.33
Sn Ka LiF200 | Scintillation 100 14.04
Sb Ka LiF200 | Scintillation 100 19.07
Ba Ka LiF200 | Krypton, sealed 100 87.18
w Ka LiF200 | Xenon, sealed 100 43102
Pb Ko LiF200 | Xenon, sealed 100 28)24
Th Ka LiF200 | Xenon, sealed 100 27148
U Ka LiF200 | Xenon, sealed 100 2614
Bgl -- LiF200 | Xenon, sealed 1P0 39.5
Bg2 -- LiF200 | Xenon, sealed 1p0 38.2
Bg3 -- LiF200 | Scintillation 100 1p
Rh comp| -- LiF200]| Scintillation 1J0  16.3p5
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2.2.2 SWDXRF calibration procedures

The SWDXRF was calibrated by using the followingpst
» Pure chemical standards were used for backgroumedndi@ation;
* Interference standards were used for determinitegfearence correction factors;
and
* International reference materials listed in tablge3e used for the calibration of

the peak intensity (kcounts s-1) to concentrat¥drof ppm) (Elsenbroek, 1994).

2.2.3 SWDXREF correction procedures

Although SWDXEF is a very stable instrument for gmalg the samples, it is subject to a
definite, though minimal degree, of drift. Compermafor this drift is made on the basis
of corrections to quantitative measurement usingirdernal monitor. The in-house
internal monitor was prepared as a lithium tetrab®mglass disc containing detectable
concentrations of the analyzed elements. Measursnanthe internal monitor were
carried out prior to the measurement of calibrateierence materials and corrections for
drift were applied to the calibration reference enatls. Internal monitor sample
measurement made during the analysis of geochersicahm sediment samples are
compared with the original results. Any drift cénus be quantified and calibration of the
instrument can be maintained relative to its ihigandition. The internal monitor
standard can be measured regularly (approximatebrye 10th sample), and the

appropriate corrections are made (Elsenbroek, 1994)

Background calibration graphs were set up by usiagk samples where background
below the spectral peaks related to a nearby enente-free background. Using this
relationship, the background below the spectrakpda both reference material and
unknown material was determined and the net sggqueks intensities were calculated.
With the exception of the elements Ti, V and Fekigapound determinations were made
by using the three interference free backgroundnmbis. Interference standard of
Hoechst Wax with 0.2% of the pure element were usedetermine the degree of
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spectral line overlap and for the calculation & #pectral line overlap correction factors,
as described by Nisbet et al, 1979.

Matrix correlation was carried out by using massoaption coefficients to correct for

absorption effects. The mass absorption coeffisiewere calculated from known

international reference material of major elemenmposition using the following

formula:

H,= Z i G,
Wherepa, is the mass absorption coefficient at waveleifghi, the individual element;
ci the mass fraction of elemeri}; @ndui the mass absorption coefficient of elemént (

The values forui were obtained from the table of Heinrich. The dinelependence of
1/RhKB Compton intensity on the mass absorption coefiicief Cukoa wavelength
(uCu) (Elsenbroek, 1994).

International reference material was found by regirey the calculatedCu on the
measured 1/RhK Compton. The regression equation was used to &sipCu for
unknowns. TheuCu value was multiplied by the geometric factor ahd net peak
intensities of the entire elements on the shortelemgth side of the FeKabsorption
edge. The element Co, Fe, Cr, Mn, V, Ti and Scnthss absorption coefficients of the
CrK wavelength (Cr) -were determined by using the Feldet peak intensity in the

following linear equation of the formy = mx +c

Ho - mi_, +c
:ucr

Where y =uCu Cr; x is IFe (kcounts s-1); m is the slope; and the intercept. For all
the 24 chemical elements the calibrations are sintipkar fits between the net peak
intensity (in kcounts s-1) and the concentration% or ppm). The net peak intensity is
the result of the following corrections: internabmitor drift, background, interference
and mass absorption (Elsenbroek, 1994). A wideetsarof geochemical reference
samples that cover most typical rock, soil andmsteadiments composition was used for
the calibration Table 2.2-2 (Elsenbroek, 1994).
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2.2.4 Lower limit of detection and determination limit

The lower limit of detection is generally defined #hat concentration equivalent to a
certain number of standard deviations of the edemntdbackground count rate. According
to Jenkins (1988) three major factors will affdet detection limit for a given element;

(i) the sensitivity of the spectrometer for thatreént in terms of the counting rate per
unit concentration of the analyte element; (ii) kground (blank) counting rate and (iii)

the available time for counting peak and backgropimatons (Elsenbroek, 1994).

The actual detection limit measurable also depemgsn the characteristics of the
specimen itself. The detection limits vary not onlgh the atomic number of measured
element but also with the sample matrix. This isaose both slope and background
intensity is affected by changes in the matrix. general, the background intensity
increases with a decrease in average atomic numbeéhe measured wavelength.

According to Potts (1987) lower limits of detectiand determination limits are defined
by the following equation. The lower limit of deten (LLD) is the smallest signal that

can be measured:

3Sp=3,2N, =3/my/N,

The determination limit is the smallest signal tban be quantitatively measured.

6Sp=6,/2N, %/ny/%

Where Sp is the standard deviation of the net émglgak: Nb is the background counts;
m is the slope of the calibration graph; Rb is Ibaekground count rate under the peak;
and T is the total counting on peak and backgrd&tsenbroek, 1994). In this work the
formula for calculating the determination limit wased at (99% confidence). The 1

counting error (CE3) was calculated from the follogvequation:
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R,/T,+R, +R, /T, xc

RP

10(CE) = \/

Where Rp is the net peak in counts s-1; Rb is #téackground in counts s-1; Tp is the
peak counting time; and Tb is the background cogntime. The average determination
limit (DL) of all 24 elements is summarized in Tald.2-3, together with their calibration

concentration(c) ranges. The determination limit was calculatedctdibration reference

material together withdl.counting error for the calibration of the elemefitsenbroek,
1994).
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Table 2.2-2: International reference material used for instrument calibration
(Elsenbroek, 1994).

No. [Reference Material |Origin Description
1| ABV-1 USGS  |Andesite
2|BCR-1 USGS |Basalt
3|G-2 USGS |Granite
4|GSP-1 USGS Granodioritg
5|PCC-1 USGS  |Peridotite
6|BHVO-1 USGS |Basalt
7|MAG-1 UsGS  [Marine mud
8[QLO-1 USGS Quartzite
9|SCo-1 USGS |Cody shale

10/ SDC-1 USGS Mica schist
11 STM-1 USGS  |Syenite
12| BIR-1 USGS |Basalt
13[DNC-1 USGS |Diabase
14/ W-2 USGS Diabase
15[SY-2 Canmet |Syenite
16/SY-3 Canmet |Syenite
17| MGR-1 Canmet |Gabbro
18| GR CRPG" |[Granite
19/GA CRPG [Granite
20| GS-N ANRT  |Glass

21| FK-N ANRT  |Granite
22| Mw-1 IGME |Maiskite
23/JB-1 GSJ Basalt

24| NIM-D MINTEK " |Dunite

25/ NIM-G MINTEK " |Granite
26| NIM-L MINTEK " |Lujavrite
27| NIM-N MINTEK " |Norite

28| NIM-P MINTEK " |Pyroxenite
29[ NIM-S MINTEK " |Syenite
30| Fer-1 Canmet |Fe formatiof

No. Reference Material |Origin  [Description
3] GSD-1 IGGE |Str Sed
32 GSD-2 IGGE  |Str Sed
33 GSD-3 IGGE |[Str Sed
34 GSD-4 IGGE  |Str Sed
3% GSD-5 IGGE |Str Sed
36 GSD-6 IGGE |Str Sed
37 GSD-7 IGGE |Str Sed
38 GSD-8 IGGE  |Str Sed
3D GSD-9 IGGE |Sed
40 GSD-10 IGGE  |Sed
4] GSD-11 IGGE |Sed
42 GSD-12 IGGE  |Sed
4B GSR-1 IGGE |Granite
44 GSR-2 IGGE  |Andesite
4% GSR-3 IGGE |Basalt
46 GSR-4 IGGE Sandstone
47 GSR-5 IGGE  |Shale
48 GSR-6 IGGE Limestone
49 GSS-1 IGGE  |Soil
50 GSS-2 IGGE  |Soil
51 GSS-3 IGGE  |Soil
54 GSS-4 IGGE  |Soil
53 GSS-5 IGGE  |Soil
54 GSS-6 IGGE  |Soil
5% GSS-7 IGGE  |Soil
5d GSS-8 IGGE  |Soil
57 Fer-2 IGGE  |Fe formation
58 Fer-3 Canmet |Fe formatior
59 Fer-3 Canmet |Fe formatior

"USGS, United State Geological Survey; CCRMP, CamadCertified Reference
Materials Project; Canmet, Canada Centre for Mineral Energy technology; CRPG,

Centre de Recherches Petrographiques et GeochisnigiNRT, Association Nationale

de la Recherche technique, Paris; IGEM, Institdit®enlogy of Ore Deposits, Petrology,

Mineralogy and Geochemistry, Moscow; MINTEK, Codnfor Mineral Technology,

South Africa; IGGE, Institute of Geophysical andoGlemical Prospecting, People’s

Republic of China and GSJ, Geological Survey obdatr Sed; Stream sediment, Sed;

sediment and Cody Shale; Fine grained offshoreeshal
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Table 2.2-3: Calibration concentration range of various elements and their
determination limits (Elsenbroek, 1994).

Elements [Range DL

Sc 1-55 (ppm 1 (ppm)
TiO, 0.20-3.77 (%) 100 (ppm)
V 9-526 (ppm 5 (ppn)
Cr 10-2900 ppm 4 (ppnp)
MnO 0.01-0.32 (%) 100 (ppm)
Fe,0O,4 1.40-18.76 (%9) 100 (ppm)
Co 11-210 (ppn]) 10 (ppm)
Ni 10-2380 (ppm) 10 (ppm)
Cu 19-1230 (ppn) 9 (ppm)
Zn 10-680 (ppm 3 (ppnp)
As 18-412 (ppm) 10 (ppm)
Rb 9-860 (ppm 1 (ppm)
Sr 25-1100 (pp) 1 (ppm)
Y 5-718 (ppm 1 (ppm)
Zr 22-1210 (ppm 1 (ppnp)
Nb 10-960 (ppm 5 (ppnp)
Mo 10-960 (ppm) 0.2 (ppm)
Sn 3-370 (ppm 2(ppm)
Sb 10-2000 (ppm) 5 (ppm)
Ba 114-2400(ppm) 10 (ppm)
W 24-490 (ppm 4 (ppnp)
Pb 11-636 (ppm 4 (ppnp)
Th 17-1000 (ppnl) 4 (ppm)
U 9-650 (ppm 2 (ppm)
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2.3 SPATIAL DATA ANALYSISTECHNIQUES

Spatial data analysis was carried out using thioviaig software: Arc-View 3.23
Surfer 8.6, and Statistica for manipulating the data from various study arsae detail
in Chapter 4) and intergrated data interpretation.

A range of statistical functionality is provided fworking with high volume geochemical
data, including histograms, scatter plots, boxgpéotd probability analysis functions. The
histogram analyses provide visual presentationh wlistribution patterns identifying

outlier samples and describing the variability treacy of the element. A box plot
function is used to plot three channels and intaraly interrogate data and information
visually and numerically. Scatter plots and cotreta matrixes enable one to plot one
element against another and are dynamically linkdtlie database and maps.

The integrated data interpretation (geochemicablogy and geophysical data for
interpretation) was used in producing a map anpréeide the spatial distribution of the

geochemical element within the identified studyaaiieprovides the detailed relationship
between the geology of the overlain area by theititied geochemical anomalies

whether they are related to the parent bedrocktarekisting mineralization. This was

done by superimposing the geology, geophysicalg@athemical data. The geochemical
data which were equal or higher than the threshaldies were demarcated by the
polygon to separate them from the values belowthineshold values. This technique
provides relationship among the geology and geocandata for the interpretation

purposes and the exact location of the geocherargaialies in relation to geology.
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CHAPTER THREE
3 GEOLOGY OF THE AREA

3.1 GEOLOGICAL SETTING OF THE STUDY AREA

The Northwest Province is situated in the westerrahe of Kaapvaal Craton, west of the
Colesberg magnetic anomaly. This anomaly is consitldéy Corneret al (1990) to
represent a mid-crustal layer up warped along testevn edge of the Kaapvaal Craton.
The region also incorporates three of the tweNedumains demarcated by de Wftal
(1992) in their evolutionary model of the Kaapv&ahton and it includes the Colesberg,
Amalia and Kraaipan subdomains. Metamorphosed Asamanafic volcanic rocks and
interlayed ferruginous and siliceous metasedimentgther with a variety of granitoid
rocks, including tonalitic and trondhjemitic gnessgranodiorites and adamellites.

The regional trend of greenstone belts in this pathe Craton is generally north-south,
virtually at right angle to the east northeast dsedisplayed by greenstone belts in the
Northern and Eastern part of the Kaapvaal Cratdorination on these western belts and
surrounding granitoids is limited due to their p@xposures beneath Neo-Archaean- to
late-Palaeozoic Ventersdorp-Karoo cover sequenndsCGenozoic Kalahari sands. In
addition, this terrane is further obscured by expes of the Gaborone Granite Complex,
consisting of rhyolitic, granophyric and granitiocks which occur to the north of
Mafikeng and in southeast Botswana.

The oldest basement rocks in the Western Terrainrao mine exposures and borehole
intersections in the Kimberley region, and consminly of gneissic-to migmatitic,

heterogeneous, tonalitic-to-granodioritic rocksev&al hundred kilometers north of
Kimberley, but still part of the Western Terraneg ghe Amalia and Kraaipan granite-
greenstone terranes, which extend northwards t@Bttewana border and beyond. The
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northernmost Kraaipan terrane can be subdivideal timtee, norths-northwest-trending

belts, spaced at 30-40 km intervals, namely thdemeseastern and Madibe belts.

The Madibe Greenstone Belt represents the eaststriyatt in the Kraaipan terrane. The
strata strike in a north-south direction and repnésan assemblage of metamorphosed
and strongly deformed volcanic and minor sedimgntarcks, now represented by
phyllites, quartz-sericite and quartz-chlorite sthi amphibolites, talc-carbonate schists
and banded iron formation. The succession, whichpasrly exposed, has been
interpreted as a mid-Mesoarchaean volcanic islaodhat was welded onto the western
margin of the Kaapvaal Craton. The Amalia grantteegstone terrane further to the
south is dominated by a narrow, north-northwestdirgg linear belt consisting mainly of
mafic metavolcanic rocks, banded iron formation sadous mafic schists (Van Eeden
et al, 1963; Anhaeusser, 1991). An accretionary lapifii unit, described by Jones and
Anhaeusser,1993), has been dated at 2754 + 5 Mk alquartz-chlorite-sericite schist
in the same vicinity was dated at 2740 + 13 Ma {#lat al, 2001).

The youngest granitoid recorded in the Westernaherrconsists of a biotite-muscovite
granite (Skalkseput pluton) in the Marydale graidigreenstone terrane on the extreme
southwestern flank of the Kaapvaal Craton, whicls wated at 2718 + 8 Ma (McCouirt,

2000).
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3.2 STRATIGRAPHY

North West Province has an ancient geological &geit rich in minerals and
paleontological artifacts. The north-eastern andhacentral regions of the province are
largely dominated by igneous rock formations, assalt of the intrusion of the Bushveld
Complex. Ancient igneous volcanic rocks dating bexk/entersdorp age (more than 2
000 Ma) appear to be the dominant formations in wiestern, eastern and southern
regions of the area. Sedimentary rocks dating hacthe Quaternary period (65 Ma)
occur in the north-western corner of the Province.

The oldest rock formations in the study area aeebbsement Archaean Granites (3 204 +
65 Ma) as out lined in table 3.2-1, which mostlynfioflat to slightly undulating
landscapes. Outcrops of these granites occur isdbth-eastern portion of the Province
(in the Potchefstroom district) and further westfaasas the north-central portion of the
Vryburg and Ganyesa districts (de Villiegsal.,, 2002).

The Kraaipan Group, which can not be less than 304Bick, makes three important but
narrow belts through the Mafikeng district trendadghost north-south, flanked on either
side by granite and gneiss; the formations haven ltemvily folded and considerably
faulted. (Du Toit, 1926).

The Kraaipan Succession consists mainly of maficaroc rocks with subordinate iron

formation and schist and a small proportion of date (SACS, 1980). This formation

forms a series of narrow, more or less parallsicaitinuous ridges approximately 60 km
south-west of Mafikeng running north to north-newtast. Another series of parallel,

discontinuous outcrops occur near Stella approxam&0 km further west.

The Dominium Group, dated at 2 800 Ma, is predamily volcanic in origin and lies
on top of a basement of granite. It spreads ovearaa bounded by Ventersdorp in the
north, a point west of Klerksdorp in the south armgbint south west of Hartebeesfontein.
It is comprised of erinaceous sediments, conglotesyagrits, basic volcanics, tuffs,
coarse pyroclastic rocks and quartzite. It is preidantly volcanic in origin, forming a
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series of hills to the west of Klerksdorp (in theiwnity of the old gold-mining town of
Dominium Reefs). The thickness of the Group is D 2B in this area. A second
important outcrop occurs at Ottosdal. The thirdcoy (maximum thickness of 240 m)
occurs as a narrow band of the rocks on the frafgbe younger Witwatersrand outcrops
in the southern portion of the Potchefstroom dis(i$ACS, 1980).

The Witwatersrand Supergroup is dated between 2a8d02 300 Ma and extends into
the North West Province from the east and soutls tomprised of a thick sequence
(more than 5 km) of shale, quartzite and conglobtesral he quartz-pebble conglomerate
has the gold bearing reefs and uranium mineradisg®ACS, 1980).

Ventersdorp volcanic rocks also comprise an imporggeological formation in the area.
This covers an extensive area both within and atdbe Witwatersrand basin, ranging in
thickness from around 50 m to 300 m. It is espBciptevalent near Ventersdorp,
Vryburg, Klerksdorp and Mafikeng where it extend®isouth eastern Botswana. Other
outcrops occur near the Vredefort Dome. The Vedters Supergroup is composed
largely of volcanic andesitic lavas and relatecoplastics (metamorphic rocks formed by
the extremely hot temperatures associated with awidc activity). Various
conglomerates, tuffaceous and calcareous shalepamptiyries are also constituents of
this formation (van der Westhuizehal., 2006).

Transvaal Supergroup represents a large comporfetiheoProvince's geology and
consists of two main sedimentary groups: the Piget@riquatown group and the Olifants
River-Campbell Rand Groups. Both groups occur disnaously in the North West
Province. The western section occurs in an areandsxl by Vryburg, Kuruman and
Douglas known as the Ghaap Plateau. The eastetinrsegtends from the south to the
north of Ventersdorp, west of Mafikeng and to thesinburg section.

Lower strata of the Transvaal Supergroup compriestiyn of dolomite with some chert
and shales interspersed in places while the upipatasappear to be more varied in
constituents. Dolomite consists largely of calcinartbonate and is hence vulnerable to
solution, especially by the carbonic acid foundamwater percolating downwards. The
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dissolution of dolomite can lead to the formatidrunderground caverns and horizontal
chambers often filled with large volumes of grouatiev. The Malmani Dolomite
Subgroup appears to be one of the lithostratigraphits of the Transvaal Supergroup. It
contains abundant algal stromatolites which presewidence of an aquatic environment
in ancient times. The algal stromatolites have mlmer of distinctive shapes such as
domes, columns and spheres, their shape being rgal/day the environment in which
they were formed (Erikssaet al, 2006).

Near Zeerust is an overlying banded iron layer kma® the Penge Formation as well as
a mixed zone containing chert breccia, carbonacebak or mudstone and limestone.
The basal sequence of the Malmani Dolomite Subgisumderlain by the Black Reef
Formation which consists of a very thin sequenceuairtzite, conglomerates and shales.
In the western region of the province is the dotamGhaap Plateau that includes the
Campbell Rand, Kuruman and Griquatown Formatioh& former consists of limestone,
dolomite, chert, shale siltstone and quartzite. Kheuman Formation consists of banded
iron formation deposits, not unlike the Penge Faiona The latter formation, which
overlies the other two, contains jasper in abundaswell as layers of iron (Erikssen
al., 2006).

The Pretoria Group is sequence running westwarch ftobatsi past Rustenburg and
Pretoria almost reaching Witbank in the east (EBokset al (2006). This formation
occurs in a thick layer ranging from 4000m to 700@omsisting of chert, conglomerates
and quartzite. Between the Magaliesberg and Daspéarmmations, there is a thick
volcanic sequence as well as shales and other lpgtmc materials. The shales often
contain metamorphic minerals such as cordieritaursiite, garnet, andalusite and
sillimanite. Slate is also prevalent in this arBalssonet al.,2006).

The western portion of North West Province is datea by rocks of the Griqualand

West Sequence (similar in age to that of the Tramks\Supergroup) (SACS, 1980).
Quartzite, shale, siltstone and lava of the VrybEogmation (approximately 75-100 m
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thick) are the oldest rocks in the sequence anctopitto the east of Vryburg (Erikssenh
al., 2006).

Dolomite of the Campbell Rand Group, consistinghef Schmidtsdrif (3 - 275 m thick)

and Ghaap Plateau Formations (alternating in tleis&rbetween 900 and 1600 m) are
made up of alternate intercalated layers of dolemghale, limestone, calcareous
sandstone, siltstone and chert. The main outcrapisfgroup occurs in the area to the

south west of Vryburg and stretches down to thelé&oof the Province near Kudumane.

The Bushveld Complex occurs in the north-eastegion of the area, from Brits and
Rustenburg in the east to north of Zeerust and Bwggens into Botswana. Of the three
suites making up the Complex, only the peripherafienintrusive phase occurs in the
North West Province. This consists of four mainelay Upper Zone of gabbro, olivine,
diorite to granodiorite with some anorthosites amahnetites. The Main Zone of 5 200m
which consists mostly of gabbros, and gives riséofmgraphic features such as hills.
Below this is the critical zone consisting of nesit anorthosites, pyroxenites and
chromites, below which is the Basal Zone mostlypyroxenite and peridotite. Platinum
and chromite from this zone are mined extensivalyRustenburg (Cawthorat al,
2006).

The isolated ring of alkaline rocks at Pilanesbergled the Pilanesberg Complex, is
basically a series of concentric hills covering 0880 knf. It consists of an overlying

layer of alkaline volcanic and pyroclastic rockbg tlatter consisting of fragmental
volcanic material that was blown into the atmosphby explosive activity. The top

layers have largely been eroded away. The intrusase is composed of foyaite and
syenite. It also consists of small outcrops of tasach rocks. The complex was formed
by the coalescence of a number of small volcanodglse welling up of successive ring-

dykes around the collapsed crown (Verwoed, 2006).

Outcrops of the Karoo sediments occur between erdbgrg and Mafikeng as well as to
the south of Vryburg. Another small outcrop occiargshe east-north-east of Schweizer-
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Reneke and near Bloemhof (SACS, 1980). Anotherroptof these rocks covers a
portion of the Bushveld Complex rocks north of BriKaroo sediments are also known
within sinkholes in the dolomite in the vicinity 8tilfontein.

Kimberlites are diamond bearing vertical "pipes™fssures” which have intruded to the
surface. They contain a number of minerals inclgdmca, olivine, augite, red garnet
and pyrite to name a few. Several kimberlite fissuoccur in North West Province the
most notable being around the Harts River 100knhneest of Kimberley (Sheet al,
1989).
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Simplified geological map of the North West Provinc
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Figure 3.2-1: Simplified geological map of North west Province, South Africa (source from M etallogenic map of the Republic
of South Africa; Vorster, 2001).
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Table 3.2-1: Generalized lithostratigraphic column of the North West Province

(from SACS, 1980).

Eon Sedl.mentary anq Lithological discription M ajor igneousrocks Mineralization
volcanic accumulation
KALAHARI GROUP :
O Surface deposits, calcrete
5 legsva posis,
8 Kimberlite Kimberlite Karoo dolerite
o KAROO ) ) ) ) . .
% SUPERGROUP Karoo sediments including shale Diamond (alluvial deposits),
< mudstone limestone , calcrete afidaroo dolerite dolerite and uranium
z (x250Ma) dolerite
OLIFANTSHOEK Quartzite, interlayed tuff, Pilanesberd Complex and
O SUPERGROUP conglomerate, mudstone and similar rockgs P Fluorite, thorium Uranium
8 (+1800 Ma) agglomerate Platinum group elements,
8  TNNISYZVNE crocidolite, iron, manganese,
I|-I_J SUPERGROUP Quartzite, conglomerates, siltstol limestone, dolomite vanadiun,
0] metamorphosed shale, slates an Eushveld Complex nickel, chromite, salt, clay,
% hornfelses, dolomite, diabase an p zinc, lead, gold and copper
(2000 Ma) ) C
amygdaloidal andesitic lavas
VENTERSDORP ANJESIIC lavas and relate
SUPERGROUP pyroclastics, conglomerates, Basaltic andesitic lava VCR Gold on the bottom
tuffaceous and calcareous shale
(2714Ma) porphyrie:
> WITWATERSRAND
ﬁ SUPERGROUP Quartzite, shale, and conglomergtes Brown Lava GuoddUranium
< (+2714 -3070 Ma)
§ DOMINION GROUP |Pyroclastic rocks, tuffs, quartzi
conglomerates, grits, volcanic JInterbeded lavas. Uranium
(+2900 -3086Ma) 9 - gris, A
rocks, arenaceous sedlm_ents,
KRAAIPAN GROUP [Schist, amphibolite, jaspilite, lavgGranites and diorites
banded ironstone and dolomite sociated with greenstone |[Gold and iron
(3500 Ma) )
granites belts
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3.3 GEOLOGY OF THE MAFIKENG AREA

The Northwestern part of the area is almost corapletovered by recently windblown
reddish-brown sand of the Cenozoic of the KalaGaoup. More than 30% of the central
part of the area is covered by calcrete of Tertagg (Pliocene or younger) and recent
orange-brown poorly sorted, terraced river grayEkahari age) which lie to the south
and west of Mafikeng along the old course of thiegd/olopo river and its tributaries.
Some of the gravels are diamondiferous and have ibegularly excavated over the last
hundred years. Active, white calcrete pans, whisie gise to a fine, black soil that are
frequently filled up with standing water in the maiseason, occur around Mmabatho,
Signal Hill and Lonely Park (Michaluk and Moen, 199Refer to Fig. 3.3-1.

To the east of the area the calcrete usually liesonformably on blue-green
amygdaloidal a basaltic to andesitic lava belongtogthe Allanridge Formation
(Ventersdorp Supergroup). The calcrete is conspiswas hard caps on raised areas of
lava in the Mafikeng Game Park. The Ventersdorp eggrpup was intruded by
porphyritic graphic granophyres, microgranite ameicbgranite of the Gabrone Granite.
Vent agglomerate, belonging to the Kameeldoornsnation crops out over the greater
part of Mafikeng area. It consists mainly of angufieagments of granite (basement
rocks) and mafic lava in a fine grained dark gregtnm. The size of the blocks ranges
from large to small, which indicates poor sort({iMjchaluk and Moen, 1991).

To the west of the Mafikeng area, the surface deposnsist of unconsolidated, dune-
free, and orange-yellow aeolian sand belonginchéoGordonia Formation (Fig 3.3-1).

These beds range up to 3 meters in thickness akd exaellent building sand due to the
low clay content (<10%). The sand lies on Archagaeiss with the best example being
at the wall of Modimola dam. The granite-gneissveha@lternating bands of grey and
white and dark green amphibole rich layers and palk granite (consisting mainly of

pink orthoclase feldspar and quartz) (Michaluk dMakn, 1991).
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In the northeast the rocks are also not well exppasel are overlain by a thin layer of
calcrete which is sometimes overlain by lenseseafidrete underlying the topsoil. The
calcrete overlies fine grained slates, shales andstones belonging to the Rietgat
Formation. The shales are frequently quarried faakbmaking and at the bottom of the
quarries in the vicinity of Molelwane micaceous mta is exposed. Elsewhere this
weathered granite is quarried for sand. Outcropsloé green amygdaloidal lavas
interlayered with weathered tuffs and shales malprige to the younger Allanridge

Formation but a contact was not observed. The rognoff the clasts indicates that the
rock must have originated as a mud slide down ldnek$é of a volcanic cone or fault

scarp (Michaluk and Moen, 1991).

Diabase and norite dykes of Tertiary age are comimams area, especially in the north-

eastern (Mokgwapane) part (Fig. 3.3-1). Major andomfaults occur in an area striking
north-west to south-east in the eastern part oatba (Michaluk and Moen, 1991).
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Simplified geological map of the 2524 Mafikeng Sheet
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Figure 3.3-1: Simplified geological map of the M afikeng Area (after Michaluk and M oen, 1992).
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Table 3.3-1: Lithostratigraphic column of the M afikeng Area (Fm- Formation)
summarized from SACS, 1980.

STRATIGRAPHY DESCRIPTION I\E/IéEG'\II\/_IrATIC AGE(Ma)
River sand alluvium
Superficial deposits
Wind-blown, partially reworked sand, colluvigl. 16-25
Wind-blown sand ' '
KALAHARI Sii dst bbI ] n
GROUP Gordonia Em iliceous sandstone, pebble conglomerate,
gritstone, silcrete
River terrace gravel
Calcrete Diabase and +190-240
Rayton Fm Hornfels and quartzite. Norite
Magaliesberg Fm Orthoquartzite, limestone and fetsn
o Silverton Fm Hornfels, slate and minor dolomite.
8 Daspoort Fm Quartzite.
% Strubenkop Fm Slate, shale, quartzite.
a < | Dwaalheuwel Fm Magnetic quartzite, hornfels. <
) @ | Hekpoort Fm Andesitic lava and muscovite hornfels. E
8 ,9 Boshoek Fm Conglomerate, quartzite. S
w ; o —
<n.:0 g Timeball Hill Em Carbonaceous slate, quartzite, slate, ferruginised ¥
T o quartzite hornfels and slate. 2
e ; Orthoquartzite, conglomerate; minor slate and N 2060-2500
A= Rooihoogte Fm . . : H
© limestone, Banded iron formation, basal breccja. <
3:' H E Penge Fm Banded Iron formation chert and breccia. %
%’: o 3 | Frisco Fm £
2 % | o[ Eccles Fm S
& 0 Q| @ [butelton Fm | yngifferentiated dolomite and chert and shale ©
= = O | ' | Monte Christo 2
2 T | Fm g
I E @
O S | Oaktree Fm
Black Reef Fm Quartzite, shale basal conglomerate
Skilpadhek Group Conglomerate., basic, acidic lava, tuff, quartzite,
shale and schist.
% Allanrigde Fm Andesitic to basic lava and minoff.tuf
o . .
o % Rietgat Fm Volcanic gritstone, sandstone and, tuff and
&J e conglomerate
H_J % Silicified tuff, tuffaceous sediment, felsic lava, Basalti
8 € 0 Makwassie Fm chert, conglomerate, schist sandstone, felsic lava, dasgtltlz—
& = % and breccias. andesitic lavas 2714
o¥ | E . . .
% 3 Volcanic breccias, basic lava, tuff, conglomerate,
5 o Kameeldoorns Fm| schist, sandstone, felsic lava and breccias.
|_
< KLIPRIVIERSBERG Amygdaloidal lava, and homogeneous lava,
w " Gaborone
> GROUP porphyritic lava. Granite
Kanye Fm Felsic lava, Breccias. 2830-2770
Khunwana Fm Banded chert, Jaspilite.
Ferndale Em Variegated jaspilite interbanded iron formation,
KRAAIPAN pillow lava, rhyolite Undifferentiated | +3640
GROUP (1100m) Gold Ridge Fm Banded iron formation, mica, pyrophyllite, and granitoids
chlorite schist.
Amphibolite basement
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3.3.1 Geological Structure of the Mafikeng Area

The structure of the Mafikeng area is the resulseferal phases of deformation. The
oldest structures are found in the banded gneissest, of Mafikeng in the form of tight
isoclinal, intrafoliaged folds. Morphologically silar folds also occur in banded rocks of
the Kraaipan Group, but it is not certain whethHezyt are of the same age, as those
gneisses appear to be related to higher grade o&nmeephism than those in the
Kraaipan. The general trend of the foliation anddaag in the gneisses as well as the
megastructures in the Kraaipan, is due north, mtrest to structures associated with the
Transvaal Supergroup which trends northwest. Nadghérending kink bands, minor
folds and shears have been recognized in the Kraampcks and indicate a dextral shear
event, possibly of early Bushveld age. For the me&tional history of the area west of
Mafikeng Du Toit (1905) proposed an initial northush compressional phase during
which east-west-trend in isoclinal folds and quadins developed. These were followed
by a period of east-west compression which ledgiaténing of existing folds, as well as
thrust faulting. A final episode of brecciation,agtz veining and minor faults could be
related to the emplacement of the Bushveld comipeghaluk and Moen, 1991).

Work done by the Geological Survey of South Afrioavards the south on the Vryburg
sheet led to the alternative view that the inigampression acted from east to west,
resulting in various fold styles with north-trendiaxes. Later north-south compression
superimposed broad, open folds on the existingidalimllowed by intense localized
shearing (Michaluk and Moen, 1991).

Post Ventersdorp, pre-Transvaal folding and fagltme evident from the relationship
between the Ventersdorp lava and the Black Regh&ton, and can be seen on Klippan
81, where a northwest —trending, open synclineeselbped in silicified tuff of the
Makwassie formation. Numerous northeast-eastwestditng shear zones cut the tuff,
some showing displacement, with none extending tintoBlack Reef Formation. In the
Skilpadhek area, folding in the Skilpadhek Grouppasallel to that in the Black Reef
Formation (Michaluk and Moen, 1991).
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Two periods of faulting, expressed as the pre-aadt-Bushveld faults, have been
recognized in the Gopane area. The first is a dantinorthwest-trending set of steeply
dipping faults which forms a series of horst andbgn structures. The second trends
east-west and is prominent in the Black Reef Foonaand the Chuniespoort Group.
These are particularly well displayed in the GaberGranite and elsewhere, particularly
in the Rooigrond area. Both sets are regarded amdidormed under tensional
conditions (Klop, 1978).

North of the Skilpadhek, the complex structuralt@at exhibited in the Transvaal
Supergroup is attributed to a series of gravitatioslides that occurred before the
Bushveld Complex was emplaced. The boundary of thidonic regime roughly

coincides with the international border. The Woadk Fault displaces the Timeball Hill
Formation a vertical distance of 70 m. To the ndhé Boshoek Formation displaced
some 90 m along the trace slip of a fault whichthis extension of a fault in the
Strubenkop Shale Formation in Botswana (Klop, 1978)

3.3.2 Commodities

Andalusite is developed in slate of the Timeball Formationtbé Pretoria Group
particularly in the upper portion and is a restilti@rmal metamorphism associated with
the emplacement of the Bushveld complex. Becausehef westward-decreasing
metamorphic grade, deposits at Gopane are chaescieby incipient andalusite

formation and are therefore of economic interestfidluk and Moen, 1991).

Diamonds occur in some of the Quaternary gravels, whichpaesent in the southern
part of the area. In south of Mafikeng, the gradeposits have been worked for
diamonds, while the associated gravels are useéhkeirtonstruction industry (Michaluk
and Moen, 1991).

Gold was found in the northwest trending, near vertipadrtz reef which dip to the west

and southwest. The gold occurred as nuggets, aodlespecks and was accompanied by
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some copper, pyrite, galena and sphalerite. Inntréh of Madibeng, gold was mined
from quartz vein in quartz-sericite-chlorite schasid banded iron formation (BIF) of the
Kraaipan Group (Michaluk and Moen, 1991).

Iron as magnetite lenses of up to 30 cm thick have b®end in a weathered magnetite-
rich norite on Rietgat 91-JP and further to west.

Limestone. Major limestone deposits are found in the Slurpelgrond area, where
large quarries have been opened in the calcretiereBa deposits cover approximately
220 knf, of which 200 krfiis sufficiently thick economically recoverable #stone with

a potential of 1 400 million tons (Michaluk and btg 1991).

Lead occurs as galena associated with sphalerite. Theerali is hosted almost
exclusively in laterally extensive, stratabound ibedin the stromatolitic dolostones of
the Frisco Formation of the Malmani Subgroup of Thansvaal Supergroup (Péetter,
2001).

Manganese occurs in the limestone beds of the Bevets Conglatee Member
(Rooihoogte Formation) and was the result of sugreegnrichment of the limestone host
rock. Elsewhere small diggings have been openddaimani dolomite, of the Lyttelton
Formation. The ore is composed of crystalline lurapsl concentrations from a few
millimeters to several centimeters in diametersfoa soft mixture of silica, manganese

and iron oxide called wad or manganiferous earticligluk and Moen, 1991).

A sericite deposit occurs as a white powdery bed in the Makigea-ormation.
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3.3.3 Geophysical Interpretations

The gravity map (Fig 3.3-3) shows the low Bougeoraaly in the east and south east
which are related to a Malmani Dolomites and Aramagranites and gneisses. On the
northeast of the map, higher Bouger values coingitle higher magnetic values and are
correspond to a various diabase outcrops in thesd. aFo the west of the low, Bouguer
anomalies north south trends of higher bouguere&is clearly visible and could be
related to the northern extension of the Colesihadfikeng trend. West of this anomaly,
a low gravity coinciding with the negative magneéinomaly is correlated with the
archaeangranites-gneiss and the kraaipan graKioesq, 1996b).

Two parallel north-south striking trend of high Buer and magnetic anomalies coincide
with the ultramafic and mafic and banded iron fatioraof the Kraaipan Group.

In the eastern part of the magnetic map (Fig. 3.332wedge shaped area of slightly
higher magnetic anomalies outlined by low magnetimomalies is associated with

Gaborone Granite and Kanye Formations.

Higher magnetic anomaly extending from east to veesbss the eastern part of the
magnetic map coincides with the Ventersdorp Supemr(southeast of the Gaborone
Granite) (Kotzé, 1996b).

In thw northeast of the Kanye Formation in the eastpart of the magnetic map, a

prominent linear negative anomaly trending soutlhwessoutheast can be seem this
anomaly is related with the banded iron formatiébthe Penge Formation. South of this
anomaly the outcrops of Malmani dolomites are presa geology map (Fig. 2.3-1) and

they are not distinctive on aeromagnetic map.

The positive magnetic anomaly tends to be higlnénrtorthern part of the eastern sector
and coincides with diabase outcrops. This high&revaould result from the combination

of the Pretoria Group and diabase sill coveringaitea (Kotzé, 1996b).

The eastern sector and the dolomites in the sauthest mart of the map are underlain

by the Kraaipan Greenstone terrain, which is cosigiEKraaipan greenstone.
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The western sector of the aeromagnetic map has Huigtrer Bouguer and magnetic
anomalies which coincide with the lithologies o tkiuruman Formation of the Asbestos
Hill Subgroup and the area are covered by Kaladeard.

Several linear features in magnetic map of the kéaiy are attributed to the diabase
dykes.
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Magnetic map of the 2524 Mafikeng Sheet
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Figure 3.3-2: Magnetic map of 2524 M afikeng Sheet (Council for Geoscience, 2000).
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Gravitational map of the 2524 Mafikeng Sheet
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Figure 3.3-3: Gravity map of 2524 M afikeng Sheet (Council for Geoscience, 2000).
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34 GEOLOGY OF THE KURUMAN AREA

Rocks of the area are composed of pink white aegl fyned-grained porphyritic granitic
types which are the oldest rocks of the Swaziarthéra in the area Fig.3.4-1. A few
pegmatite veins cut the granite. The Vryburg Foromaties unconformably on granite
and Ventersdorp rocks and has a maximum thicknieS8 m. The lowest 8 m consist of
arkoses, in places rich in mica, followed by winttpuartzite in which cross bedding is
common. A thin band of conglomerate is presenthatlase and thin lenses of shale

occur in the lower portion.

The Schmidtsdrif Subgroup forms the lower parthef Ghaap Group and is divided into
two formations (Boomplaas and Clearwater Formajiofgpproximately 100m thick. In
the middle of the formation shale becomes more@raaant and ferruginised shale grey
with siltstone and interbanded thin dolomite. Claardl chert conglomerate are present at
the base. The upper formation consists of calciomite with few stromatolites and
thin banded shale and siltstones (Beukes, 1987).

The Ghaap Plateau Formation can be distinguistead the underlying formation only

where the quartzite is present on the latter. Hisge/the rocks consist of dark blue fine-
grained dolomite. A few stromatolite-bearing zong®all lenses of black chert locally
developed in thin shale and siltstone are pre®notwn ferruginous jasper layers up to
12 m thick, separate the lower part of the fornmatilom the overlying grey course-

grained dolomite. A Breccia of black chert andwa &romatolites occur in the dolomite.
A third zone can be distinguished in the upper pathe formation. It contains lenses of
limestone and a prominent layer of chert formsttye of the succession. The layer of
chert occurs sporadically on the Maremane antickthere it is brecciated in places to
form the silica breccia (Moeet al, 1977).

Asbestos Hills Subgroup is the sole representativilne Ghaap Group in this area and
follows conformably on the underlying rocks. Themation is divided into the Kuruman
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and Danielskuil Formations. The uppermost chethefGhaap Group grades into banded
iron formation of the Kuruman Formation which varia thickness from 180 m to 240
m. It consistes of a succession of thin alternal@ygrs of light coloured chert and jasper
and dark coloured ferruginous jaspilite. The jaspilcontains mainly magnetite,
haematite and limonite. A few thin layers of riekiem-amphibolite and shale occur in
places. The rock has well developed bedding pldeavage and contains several
crocidolite bearing zones. The basal layer of theded iron formation lies on the
dolomite of the Ghaap Plateau Formation in the khange anticline, is brecciated and
ferruginised in places and constituts the BlinkiBigeccia (Moeret al, 1977).

The “Main Marker” with a thickness of approximatelyym, lies conformably on the
banded iron formation (BIF) and forms the base lod verlying jaspilite. It is
characterized by an undulating structure and ctmgi$ brown jaspilite with thin
magnetite layer and chert nodules. The overlyirgpijse attains a thickness of 150 m
and contains several marker layers. Several “spdaklarkers” are present in the lower
40 m of the succession, of which only the upperienedicated on the map. In the south
a layer of oolitic chert with the appearance of rtgite is associated with the upper
speckled marker. The two together are known agjtiagtzite marker. The intermediate

quartzite maker occurs between lower speckled msu(kdoen, 1977).

The Gamagara Formation was deposited on the Maeenaticline and rests
unconformably on dolomite and the BIF of the ungeg strata Ghaap Plateau
Formation. The succession consists of a basal coreghte with pebbles of jasper and
banded iron formation, shale and white to browrrizita.

The Makganyene Formation lies unconformably on@aenagara Formation and has a
maximum thickness of less than 480 m. Tillte oscat the base of formation and
contains fragments of black, white and red ched neddish brown sandy ground mass.
Higher up in the succession, alternating layergrdf tillite, and silicified mudstone and
feldspathic quartzite occur. Dolomite or limest@aoeur interbanded in mudstone (Moen
et al, 1977).
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The Ongeluk Formation forms the lower part of thda@tshoek Group. The formation
consists of greyish-green andesitic lava with amyesl and lenses of red jasper. The
Voélwater Formation overlies the Ongeluk Formatowl has a thickness of 450 m. The
lower beds are banded iron stone and banded rpilit@svith chert, dolomite and lava.
The upper portion of the succession consists predmtly of dolomite with chert,
banded jasper and lava (Moeal, 1977).

The Lucknow Formation occurs east of the Olifangh@roup in the Korannaberg
where the strata are disturbed by a number ofddtily 3.4-1. It lies unconformably on
the Voélwater Formation and is absent in placesher north. The formation has a
maximum thickness of 1500 m. The lower portion @stesmainly of shale with

subordinate layers of quartzite and lava and areupprtion of whitish quartzite with

lenses of flagstone and dolomitic limestone. Thetleka Formation, the upper part of
Olifantshoek Group, follows conformably on the Lookv Formation with a basal
conglomerate containing pebbles of quartzite, jasm@nd lava. It is overlain by andesitic
lava which contains amygdales, tuff, breccia arubfes of quartzite (Moeet al, 1977).

The Matsap Subgroup lie conformably on the HarHeymation but in places is found

unconformably on the Voélwater Formation in the &wraberg. Three members were
recognized. They consist predominantly of sub-geske and purple, grey and brown
guartzite with thin pebble beds and a layer of dmmgrate in which quartz, banded iron
formation and red jasper pebbles are abundantBfhsand Formation consists mainly
of quartzite with subordinate shale and sub-grekwaclogether with the Matsap

Subgroup they form the Volop Group with a thicknes500m (Moeret al, 1977).
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Figure 3.4-1: Simplified geological map of the Kuruman Area (after M oen, 1979).
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The Groblershoop Formation is largely covered bydsand crops out along the western
boundary of the area. Rocks encountered are gasgyghuartzite, light-coloured vitreous
sandstone and quartz-sericite schist. Calcreteahasde distribution, mainly on the
Ghaap plateau and to the north on the Maremanelinatiwhere its thickness exceeds
20m. Lime-rich kieselguhr is present at few placepans and along the valley. A large
number of dolerite dykes of both Vaalian and Jucaage occur in area. In general the
dykes are approximately 6 m wide. Some of the $amltthe Kuruman hills are intruded
by dykes. Diabase sills are present in the Asbeblils Formation and also in the
Olifantshoek succession. Kimberlite pipes and fissiare known, especially southeast of
Sishen and north of Kuruman (Moehal, 1977).

Dolomite strata on the Ghaap Plateau are veryg#itled and have a small regional dip
to the west and south west. The Asbestos Hills Btiom has a regional dip of less than
10°. Folds increase sharply west of the Maremankclme and at least part of

Groblershoop Formation is folded. A number of neatluth striking faults traverse the
Asbestos Hills Formation and most of them haveicartdisplacement. Grabens are
fairly common (the graben west of Kuruman has aicardisplacement of ~350 m) and
where the faults bifurcate, block faults are foktbenet al, 1977).

3.4.1 Commodties

Barite is present as an impurity in the manganese oteeoMaremane Anticline but is

not of economic importance.

Crocidolite occurs in a number of zones in the Asbestos Hdisrfation. The basal zone
occurs approximately 25 m above the base of thedton. The important main zone
occurs in the 120 m immediately below the main rearkour to five subordinate zones
are present in the main maker. The ore above tha marker is of little economic
importance. Asbestos occurs in lenticular bodiexkwhare elongated north—south (Moen
et al, 1977).
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Diaspore occurs in the lower shale of the Gamagara Formatio

Iron is mined at Sishen. The ore occurs in the BlinkBneccia, and also in the lower
shale and conglomerate of the Gamagara Formatiearenthe latter lies on the BIF
(banded Iron Formation) and became ferruginised tugh grade ore in place. Large

reserve is available (Moest al, 1977).

Limestone occurs as lenses in the upper portion of the GHalapeau Formation;

Flagstone suitable as paving floor, is obtainedhflianded iron formation.

Manganese occurs in large quantities in the Voélwater Foiraraiand is mined at the

Black Rock and Hotazel. A manganised silica bre€Eiee Manganese Marker) at the top
of Ghaap Plateau Formation and especially the lo@amagara shale, which is
manganised where it rests on the dolomite, arertm ore carriers in the Maremane
Anticline (Moenet al, 1977).
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Table 3.4-1: Lithostratigraphic column of the Kuruman Area (summary from SACS,
1980, Eriksson et al., 2006) (SBGRP: subgroup; Fm: Formation).

STRATIGRAPHY

DESCRIPTION

MAGMATIC
EVENT

Red to flesh-coloured wind blown sand

Rubble

River-sand and gravel

Surface limestone

% BRULPAN GROUP Groblershoop Fm Quartzite, quartzesterschist
8 Ton dog F White, grey and pink quartzite with subordindte
Y Brulsand op dog Fm brown subgreywacke
T = greyw
W g a SBGRP Grey quartzite with nodule of and lenses of
o 5 Verwater Fm .
29 3 haematite
v & x Glen Lyon Fm Brown subgreywacke and conglomerate
[THIPA S Matsap SBGRP | Ellie’s Rust Fm Quartzite and subgreywacke
% § 9 Fuller Fm Quartzite, subgreywacke and conglomerate .
3 o) Andesitic lava with interbedded tuff, Dolerite dykes
> s Hartley Fm :
< agglomerate, quartzite and conglomerate
w
8 Lucknow Fm Quartzite, dolomitic limestone; shahel éava
10} Voélwater . .
% SBGRP Red jasper, dolomite, chert and lava
m o Amygdaloidal andesitic lava with interbedded
0 D | Ongeluk Fm tuff | te. chert red i
% <§,: 8 uff, agglomerate, chert, red jasper Basic lava
8 . ('7) © Diamicite, banded jasper, siltstone, mudstone,
0< o Makganyene Fm dst it and dolomit
rs | a sandstone grit and dolomite
i
a2
Campbell Rand . . .
N .
§ Srl % SBGRP Monteville Fm Dolomite; quartzite
:EE § 8 . Danielskuil Em Yellow-brown jaspilite with crocidolite;
z 3 ) Asbestos Hills conglomerate
2= a SBGRP Kuruman Em Banded iron formation, subordinate
é § amphibolite, crocidolite, jaspilite and, chert
= T . . Clearwater Fm Conglomerate, chert and dolomitdgsha
o Schmidtsdrif — - - -
SBGRP Boomplaas Fm O_olltlc and stromatic QOlomlte and dolomite
with chert and quartzite lenses
Vryburg Fm Quartzite, grit, conglomerate, shale gdajoidal lava
VENTERSDORP : o o
SUPERGROUP (2714 MA) Allanrigde Fm Andesitic lava, amygdales and aggmate Andesitic lava

Porphyritic granite (basement)
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3.4.2 Geophysical Interpretation

In Figure 3.4-3 the low bouguer anomaly are obthimethe east, coinciding with the
Ghaap Group dolomite of the Campbell Rand Groupitidicates that the dolomite have
no great depth. On the total aeromagnetic map thendte are characterized by the
featureless background with the random high an@walue to dykes and deeper seated

plug-like bodies.

The BIF and jaspilite of the Asbestos Hill Subgrdogether with the andesitic lava of
the Ongeluk Formation has a high magnetic anomatiyng through the central part of
the map (Fig. 3.4-2). This anomaly correlates with gradient between low and high
except in the north where the banded iron formagioa jaspilite are not thick (Prinsloo,
1998).

The quartzitic composition of the Olifantshoek Sygpeup is thought to be responsible

for a low gravity anomaly in the west. The northudostriking linear features, which are

characterized by high magnetic anomalies in thés,arepresent the dykes and faults in
the area (Prinsloo, 1998).

The high magnetic anomalies are represented bgllipdcal shaped anomalies (A, B, C,
D and E in Fig. 3.4-2) which are on both sides ¢ Asbestos Hill Group. These
anomalies have resulted from the unknown geolodiierarea and therefore are assumed
that they are from the deep seated structures.

The L (F) shaped high magnetic anomaly in the n@afiproximately 22°45’E -27°15’S)

corresponds with the negative bouguer anomaly. & hesmalies have resulted from the
presence of the Ongeluck lava (Prinsloo, 1998).
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Magnetic map of the 2722 Kuruman Sheet
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Figure 3.4-2: Magnetic map of 2722 Kuruman Sheet (Council for Geoscience, 2000).
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Gravitational map of the 2722 Kuruman Sheet
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Figure 3.4-3: Gravity map of 2724 Kuruman Sheet (Council for Geoscience, 2000).
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35 GEOLOGY OF THE VRYBURG AREA

The northern and western parts of the area are let@hpcovered by aeolian sand of the
Kalahari Group which overlies the undifferentiagé@nite gneiss of Swazian age. The
oldest rocks or the basement complex comprise sndaw grade metamorphic rocks
which also form part of the Kraaipan Group (Keyaed Du Plessis, 1993) Fig. 3.5-1.
Granite and gneiss cover a substantial part oétha. It is, however, rarely exposed due
to a thick cover of Kalahari sand (Gordonia Foromtiin the western and north western
part of the area and a thick soil cover. The bas¢menite-gneiss comprises migmatite,
gneiss, granite, amphibolite and schist.

The Dominion Group overlies the Archaean granité gneiss (Table 3.5-1), and forms
prominent outcrops in the vicinity of Ottosdal Tawrhe area is situated about 35km east
of Ottosdal in the Vicinity of Dominion Reef Min&ACS, 1980).

The Witwatersrand Supergroup is represented bysrotkhe Hospital Hill Subgroup of

the West Rand Group, and it occurs in two synclgtalctures, the one of which lies to
the north of the Doornkuil-Klipfontein fault andrikes southwest-northwest, while the
other lies to the south of the fault and strikestmmorthwest-south-southwest (Keyser
and Du Plessis, 1993).

The eastern part of the area is mainly dominated th®y basaltic lava of the

Klipriviersberg Group which outcrops in the extemsieastern area and overlies the
Central Rand Group of the Witwatersrand Supergrdtupxtends into the southeastern
part in the area between Ottosdal and Migdol, andhwards to the Sannieshof-
Biesiesvlei area and further north to the areasotseng where it is overlain by the

Transvaal Supergroup.
The central and south western parts of the areamairly composed of Ventersdorp
Supergroup rocks which include breccias, congloteergreywacke and feldspar

porphyry. The basaltic amygdaloidal lava and tdftlee Allanridge Formation cover a
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large part of the area especially in the north aodh-east. It occurs in a more or less
continuous belt from Lotlhakane in the north to bbg in the south, and in the area

between Broedespruit, Vryburg, Zoetlief and Stéfig.3.5-1).

The Allanridge Formation conformably overlies thetBaville Formation but where the
latter pinches out the Allanridge Formation ovepstento diverse older lithologies. The
formation consists of two types of lava: dark-gresml light green-grey amygdaloidal
lava. In the central part of the area the rocksnatewell exposed as they are covered by
sand of the Kalahari Group (Keyser and Du Plesiigg3).

The dark-green lava, which is by far the most premt unit in the Allanridge

Formation, also constitutes the greater part oMéetersdorp Supergroup in the area.

The Dwyka Group of the Karoo Supergroup occurshi Yicinity of Vryburg but is
seldom exposed in outcrop. Large erratic bouldehsch lie strewn all over the country-
side, are the only indication of the presence efDlwyka Group in the area. It can be
seen in road quarries along the main road betweghuvg and O’Reilly’s Pan and it
also is exposed in the area surrounding O’ReilRés (Keyser and Du Plessis, 1993).

Calcrete covers large areas, especially in thenditito terrain and to a lesser degree in
areas underlain by Ventersdorp lava. The calcretéchwoverlies dolomite of the
Transvaal Supergroup probably formed by evaporatiowater charged with carbonate
derived from underlying rocks (Keyser and Du Plessi993).
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Figure 3.5-1: Simplified geological map of the Vryburg Area (after Keyser and Du Plessies, 1993).
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3.5.1 Intrusives

The Mosita granite dated at 2710 £ 65 Ma. (Bumgeal., 1979, cited in Keyser and Du
Plessis, 1993) differs considerably from older geagneiss in appearance and outcrop. It
is intrusive in the Archaean granite-gneiss anditaaipan Group.

To the North of Ottosdal and Humanskraal gabbrausmsca rocks of the Syferfontein
Formation of the Dominion Group. The gabbro cossist a coarse-grained, light
coloured type and a fine-grained dark coloured ({feyser and Du Plessis, 1993).

There are few pre-Karoo dykes in the Vryburg aréao diabase dykes occur on

Humanskraal 346 1Q. Numerous dolerite dykes travéine map area. They are mostly
covered with sand, but can be traced out on genatiographs because of vegetation they
support. In general two groups of dykes can bengisished. One group strikes east-west
and the other strikes about north-south and masthurs in the area to the west of

Vryburg and to the south of Ganyesa. (Keyser andPlBssies, 1993)

3.5.2 Commodities

Diamonds occuring in river terraces have been reported @ western section of
Kunana Location N.4 and in the Vryburg district.eTéccurrence at Kunana is related to
the Lichtenburg diamond field.

Gold was reported from the Madibi belt of the Kraaip@moup where it occurs in

weathered brecciated schist cut by lenticular queeins with a width of approximately
1-2 m that stand almost vertically, (Du Toit, 1906)

In the Khunwana location, gold was also found imody of schist following the edge of
the banded iron formation. The reef was subsequertked at Muir's Mine where the

gold content was 17 g/t (Coetzee, 1976, cited ipskeand Du Plessis, 1993). A similar
occurrence has been described west of Grysdorpyopldats 8l0. The lode was 0.75
meters wide and was traced for over 2.5 km. A gmdtent of 20g/t was reported
(Schanzlin, 1928).
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Brick Clay- At Stella building bricks are manufactured fromyclderived from the

Kraaipan rocks. The bricks are exclusively usedhgylocal community.

Iron: The only comparatively important iron occurrenca® in the banded iron
formation of the Kraaipan Group and in the magnshigle of the Park Town Formation.

» Kraaipan ore. The siliceous iron formation neardfpan Station has a reserve of
ore containing 37-42% iron and 35-42 % silica eated at about 200 million
tons.

* Hospital Hill ore. The Park Town Formation contafasruginous shale that has
excited some interest in the past. The depositistsnsf lenticular bodies of
haematite with some magnetite, bounded by limositale and interbedded with
softer shale (Coetzee, 1976, cited in Keyser andPl@gsis, 1993). Drilling has
shown that the secondary enriched zone extendadlépth of only 10-15 m. The
haematite contains 50-60 % iron and soft limonite antains 40-54 % iron.

Limestone in the form of calcrete was quarried on DutfieBlRB and Springbok 61 1Q.

The limestone was used in the manufacture of cement
Salt occurs in nearly all the pans in the Vryburg avath only two pans being in

production at present. The pans occur in the awadsrlain by the Dwyka Group or the
lower Ecca Group.
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Table 3.5-1: Lithostratigraphic column of the Vryburg Area (summarized from
SACS, 1980). Fm: formation; SBGRP: subgroup.

STRATIGRAPHY DESCRIPTION '\E/IVAEGN'\_/IFATI c AGE(MA)
Alluvium
Soil cover 2516
Undifferentiated aeolian sand
KALAHARI GROUP Gordonia Fm Aeolian sand
Gravel diamondiferous in place and
silcrete
Calcrete
KAROO SUPERGROUP | DWYKA GROUP | Diamictite, shale Dolerite dyke | +180
CAMPBELL . o . Diabase dyke +240-190
RAND GROUP Monteville Fm Dolomite; quartzite
Clearwater | Conglomerate, chert and
o Schmidtsdrif Fm doo'l‘?t'.f”te'jh"tj"e -
¢ GHAAP GROUP | SBGRP Olitic and stromatic
x Boomplaas| dolomite and dolomite
8 Fm with chert and thin
o quartzite lenses
E i i
2 Z | Vryburg Fm Quarltzne, siltstone, flagstone, 25571-
2, e _ conglomerate 2224
< v 3 Monte Christo Fm
%2 | 8. | &
<Z,: a> A Undifferentiated dolomite and chert,
o @ Q o shale
Z0 S Oaktree Fm
-) E
I T
(@) =
Black Reef Fm Quartzite, shale, conglomerate
% Allanridge Fm Andesitic to basic lava, minor tuff
8 % Bothaville Fm Quartzite, greywacke, conglomerate
U - ~ y
5 8 Rietgat Fm Amygdalmdal lava, quartzite, tuffaceous
N ) sediments Mosita
2 E O | Makwassie Fm Quartz feldspar porphyry , feldspar Granite(2710 + | 2714
a3 5 porphyry lava 62 Ma
g : - —
g K D | Goedgenoeg Fm Ejlz\;llzaltlc amygdaloidal and porphyritic
<
S .
5 T | Kameeldoormns Em Breccias, conglomerate, greywacke, shale
[ tuff
pd
LI>J KLIPRIVIERSBERG GROUP Basaltic lava
WITWATERSRAND Hospital Hill | Quartzite, ferruginous + 9370-
SUPERGROUP | WEST RAND GROUP | gpcpp shale 2914
Syferfontein Fm Quartz feldspar porphyry, andesitt, + 3086-
DOMINION GROUP | Rhenosterhoek Fm Andesitic lava Gabbro 5074
Rhenosterspruit Fm Quartzite, conglomerate, lava
Banded chert, Jaspilite, amphibolite, laya,
Khunwana Fm . .
KRAAIPAN GROUP schist Mosita +3640
(1100m) Ferndale Fm Variegated banded jaspilite Granite(2710 +
Gold Ridae Fm Banded iron formation, mica, 62 ma)
9 pyrophyllite, and chlorite schist

55




3.5.3 Geophysical interpretations.

The high magnetic anomalies and low Bouguer an@sat the eastern part of the map
(Fig. 3.5-2 and Fig. 3.5-3) are related to the gmeschist and amphibolites. The higher
Bouguer and magnetic anomalies over the centdneofrtap are due to the basaltic lava
of the Ventresdorp Supergroup that is partiallyezbby the surface sand of the Kalahari
Group.

On the Magnetic map in Fig. 3.5-2, the horse shio@ped set of high amplitude

anomalies in the center of the map indicates thierops position of the of the BIF of the

Kraaipan Greenstone Belt. On the bouguer gravitp (kag. 3.5-3) the response of the
Kraaipan Group is only vaguely discernible indiogtithat the rock units are not very
thick. The Kraaipan Greenstone Belt is flanked t3neiastern and western part by the
granitic intrusion (Kotzeé, 1996a).

In the south-eastern corner high magnetic anonslyaused by the ferruginous shale
from the Hospitals Hill Subgroup.

In the north east, high magnetic anomalies areczted with the dolerite sills, which are

coved by the surface sand. On west, the verticehrgputh strips of low magnetic and

high Bouguer anomalies are associated with thedDehg in the north-eastern Cape to
Botswana. From the aeromagnetic map, east-westisrehhigh magnetic lineaments,

which are caused by the intrusion of the magneykesd, are clearly visible. The two

parallel linear features cutting across the mapzbatally represent the normal faults
which are intruded by the dolerite dykes.
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Magnetic map of 2624 Vryburg Sheet
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Figure 3.5-2: Magnetic map of the 2624 Vryburg Sheet (Council for Geoscience, 2000).
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Gravitational map of 2624 Vryburg Sheet
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Figure 3.5-3: Gravity map of 2624 Vryburg Sheet (Council for Geoscience, 2000).
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3.6 GEOLOGY OF THE CHRISTIANA AREA

The rocks of the Kraaipan Group are the oldest saokthe Christiana area and they
outcrop in the vicinity of the Amalia, where theneaepresented by the lithologies of the
Goldrige Formation which mainly consists of amplitles, BIF and schist.

The Witwatersrand Supergroup is represented bidtspital Hill Formation of the West
Rand Group which outcrops on the northern parthef YWolmarransstad and rests
discordant on the Dominion Group (Hugo, 1948). Tdrenation consists of red iron rich
shale. The quartzite has a thickness of 30 mm gtshe@s over an area about 100 m wide
(Schutte, 1994) refer to Fig 3.6-1.

The Ventersdorp Supergroup covers most of the @etatithe eastern part of the area and
has the dominant lithologies of the area. Othecrts occur near the Vredefort Dome
near Parys. The Ventersdorp Supergroup is comptzsgely of andesitic lavas and

related pyroclastics that are formed by, or invottie fragmentation as a results of
volcanic or other igneous activity. Various congérates, tuffaceous and calcareous

shales and porphyries are also constituents ofdhisation.

The Ventersdorp Supergroup is divided into Klipehgberg Group and the Platberg
Group. The Witwatersrand Supergroup is conformaiugriain by the Klipriviersberg
group which is mainly composed of light green anmalgaial and non-amygdaloidal lava
and outcrops in the western part of the Wolmarawaisdistrict (Schutte, 1994).

The Platberg Group in this area is representecheyKameeldoorns Formation which is
composed of conglomerate, greywacke, shale, limestnd chert. The Makwassie
Formation is well exposed in the southern part aflMaransstad district and in the
Makwassie area the formation has maximum thickmésd00 m and is composed of
quartz porphyry, feldspar porphyry and rhyolite lwithe Rietgat Formation being
exposed in the central part of the area over aantigt of few km only. Lava, tuff,
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pyroclastic breccia, chert and sandstone outcrothred Wolmaransstad and Christiana
and in the Amalia area. The formation outcrops Witlod exposures from Doringlaagte
extending up to Hartswater. The formation restsfmomably on the Archaean granite
and gneiss and on shale of the Witwatersrand Stggog conglomerate of the

Kameeldoorns Formation and quartz porphyry of tlekWassie Formation.

The Allanridge Formation occupies a large areahatstiana, from Schweizer-Reineke to
Marokwane and in the Taung area and overlies thba®dle Formation. It consists of

basaltic lava and andesite. At Taung the formahiag a maximum thickness of 300 m
(Schutte, 1994).

The Vryburg Formation is comprised mainly of sdts with subordinate shale, quartzite
and andesitic lava and shows good outcrops northevéshristiana.

The Schmidtsdrif Subgroup represents a transitietwéen the underlying Vryburg
Formation and the overlying Ghaap group. Its lowart (the Boomplaas Formation)
consists of interlayered dolomite, shale and limest while its upper part (the
Clearwater Formation) consists of dolomite, shal® sandstone layers.

The Campbell Rand Group in this area is represdmatie Monteville Formation which
consists of dolomite with stromatolitic limestonedashale, and outcrops in the western
part near Taung. The Reivilo Formation which maiobnsists of dolomite, limestone

and chert covers a wide area in the western paheoChristiana area (SACS, 1980).

The Fairfield Formation has good exposures to thetwf Reivilo and is composed of
coarse-crystalline recrystallyzed dolomite witremitedded chert.

The Karoo Supergroup is represented by the DwykaEamta Groups. The Dwyka Group
is composed of tillite, mudstone, shale, and samgstlt is well exposed on Venter
Dwaal 881 and Lefton 827 farms.

The Ecca Group in this area is represented by thyeid and Volkrust Formations
which are well exposed west of Schweizer-Reinekiee Formations are composed
mainly of sandstone and shale (Schutte, 1994).

The south western part of the map is mainly covdrngdurface sand of the Gordonia

Formation and calcrete.
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Figure 3.6-1: Simplified Geological map of the Christiana Area (after Schutte, 1991).
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3.6.1 Igneousintrusive
Diabases

The diabase dykes that occur on Zwartkrans 132papbably associated with the

emplacement of the Bushveld Complex.

Post Karoo Dolerite

The intrusive dolerite suite represents the shalfeader system to the flood basalt
eruption. The dykes are generally are 2 m-50 m \aidke less than 5 km long. Dolerite
dykes and sills intruded in the rocks of the Grlgnd West Supergroup which are
exposed in the western part of the area coveretthddynap. Dolerite sills can be found
west of Pudimoe in the dolomite and in the Dwyka@r west of Jan Kempdorp. The
thickness of the dolerite dykes ranges betweeri@.6t thick (Schutte, 1994).

3.6.2 Commodities

Diamonds occur in the Schweizer Reneke area, are depasitedck (principally lavas)
of the Ventersdorp Supergroup and have been descrily Marshall (1987) who
recognised three distinct gravel types:

Oldest Rooikoppie gravel, which occurs as chemjcalhture 1-2 m thick unsorted,
lateritised coluvial gravel. Young terrance typegl, occurring on the lower slope of
the present drainage valley and averaging 1-4 ok.tAihe youngest spruit-type gravel
occurs on the modern valley floor and texturally @ompositionally similar to terrace-

type gravel.

Iron. Algoma type ore is found in the Kraaipan Groupe Hiliceous iron formation of
the Goldridge Formation occurs near Kraaipan Statd Khunwana location and in the
Ditsobotla district and Familyplaats 8 lo and Mdagis. In the Delareyville District six
boreholes were drilled by the SAMCOR who estimatedreserves of ore containing 37-
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42 % Fe and 35-42 % Fe Si® be about 200mt. Some 44000t of detrital oreevwsined
during 1969 and 1970 for New Castle Steel work&i(8e, 1994).

Limestone and Dolomite were deposited in a number of pans in North WestiRce.
The deposits are generally low grade although teegsionally reach 85% carbonate on
the Farm Witpan 126 IO north-northeast of Delarkgviln Delareyville-Schweizer
Reneke area and Barberspan, limestone has accenhuiadunes on the southern margin

of several pans.

Zink and Lead. Mineralization of zinc and lead occurs in dolomaé the Reivilo
Formation of the Campbell Rand Group. The dolonstecharacterised by columnar
stromatolites and thin carbonaceous shale interbEus deposit has two principal and
intimately associated types of zinc-lead mineréilima These include broadly sub-
horizontal stratabound layers and sub-vertical dleezones. Zinc/lead ratios range from
5:1 to 2:1 with higher ratios in stratabound layeé3phalerite and Galena, with minor
pyrite and traces of chalcopyrite are the ore nailseiSphalerite hosts approximately 0.55
% of the iron and up to 0.28 % cadmium in thedatti

Salt. The majority of salt in South Africa especially ihe western areas, occurs in a
curved belt of 50-60 km wide mostly underlain by tkaroo Supergroup. A salt pan
occurs on the basalt of the Lebombo Group herergkepans occur on the Pretorozoic
granite gneiss south of Pafadder and also westryfurg town. Most of the pans in the
vicinity of Dalareyville are underlain by lava dig Ventersdorp Supergroup (Schutte,
1994).
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Table 3.6-1: Lithostratigraphic column of the Christina Area (summarized from
SACS, 1980,). Fm: Formation; SBGRP: Subgroup; GRP: Group.

MAGMATIC AGE
STRATIGRAPHY DESCRIPTION EVENT (MA)
Wind-blown, partially reworked
sand, colluvial
. Siliceous sandstone, pebble
KALAHARI GROUP Gordonia Fm - ; 2.5-1.6
conglomerate, gritstone, silcrete
River terrace gravel
Tertiary Calcrete
Volkrust Fm| Mudstone and sand stone
K AROO ECCAGROUP [ = — — 1 - od sand ot +180
SUPERGROUP ryheid Fm ine grained sand stone +
DWYKA GROUP Diamictite, shale and tilites Karoo [Bdte
Fairfield Fm Dolomite and chert
o o Reivilo Em Dolomite with stromatolites and
z 8 8 Campbell Rand carbonaceous shale
%’: g % SBGRP Monteville Fm Dolomite; quartzite
— Diabase
o
<ZE 5 § Clearwater Fm Conglomerate, chert and dolomite 2500 -2224
= % < shale
= . .
o Schimdtsdrift Boomplaas Fm Stromatic dolomite and dolomite
SBGRP P with chert and quartzite lenses
Vryburg Fm Quartzite, grit, conglomerate, shale gdajoidal lava
Allanrigde FM Basaltic amygdaloidal lava, agglomerauff
o
% % Rietgat Fm Amygdaloidal lava, tuff, quartzite,
o) 8 Bothaville Fm Tuffaceous sediments 2714
x O . Quartz-feldspar porphyry, feldspar
|Ll_J g Platberg GRP Makwassie Fm porphyry
E 8 Breccias, conglomerate, shale
Kameeldoorns Fm
> greywacke, tuff
KLIPRIVIERSBERG GROUP Light green amygdaloidal, and non-
amygdaloidal lava
WITWATERSRAND | WEST RAND Hospital Hill 22" r'};‘)t?c'réchglseha'e; 2070 + 8
SUPERGROUP GROUP SBGRP gne ’ +
quartzite
Rhenosterhoek Fm Andesitic lava, tuff and shale
i 3074 +6
DOMINION GROUP Rhenosterspruit Fm Quartzne, conglomerate, shale and
interbanded lava
Banded iron formation, chert, quartzite, greywacqé,and +3640
KRAAIPAN GROUP schist, amphibole andesitic and rhyolitic lavaf tufd pyroclastic -
breccia, light-coloured fine to medium — grainedrgte, gneiss
Biotite and gneiss +3640
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3.6.3 Geophysical Interpretation

The high magnetic anomalies which are found oncewral part of the aeromagnetic
map (Fig. 3.6-2) coincide with the BIF of the grsme belts. These magnetic units are
highly block faulted and have probably been subgdb the block faulting that took
place after the deposition of the KlipriviersbergoGp.

A spectacular sill anomaly is situated near théhwarestern corner of the map and even
flow fronts in the sill are clearly visible. Theghily magnetic anomaly in the western part
of the map is associated with the deep-seated giealounits (sills). These magnetic
units have associated gravity high (Fig. 3.6-3) aralextensively block faulted (Kotzé,
1997).

A major east west trend of high magnetic anomalpemmagnetic map reflect the major
fault in the area which is fill up by the ultran@afiyke, other dykes and lineaments are
coinciding with the north-south striking high magoeband. The eastern part of the
aeromagnetic map is characterized by high magaetenalies which are believed to be
coinciding with the mafic lava of the Allanridge faaation which is covered by the
surface sand of the Gordonia Formation.
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Magnetic map of the 2724 Christiana Sheet
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Figure 3.6-2: Magnetic map of 2724 Christiana Sheet (Council for Geoscience, 2000).
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Gravitational map of the 2724 Christiana Sheet
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Figure 3.6-3: Gravity map of 2724 Christiana Sheet (Council for Geoscience, 200).
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CHAPTER FOUR
4 DATA PRESENTATION AND INTERPRETATION

4.1 GRIDDING AND MAPPING METHODS

Geochemical sampling points were extracted, usiyMips® and Arc-View® GIS
Software (version 3.2a), based on their host foomat
Samples of the same lithological descriptions/ gotywere grouped together (Table 4.1-

1) and were plotted on as value classed data pasinig Surfer 8® in order to assist in

the identification of positive anomalies.

Table4.1-1: Lithological groupsderived from the similar lithological polygons and

geological units.

LITHOLOGICAL GROUPING

SUCCESSIONS

LITHOLOGICAL DESCRIPTIONS

Surface sand

Wind-blown, partially reworked sand, colluvial, arider sand
alluvium

Gordonia Formation

Siliceous sandstone, pebble conglomerate, gritsgilteete and sand

Calcrete

Calcrete and surface lime stone

Hekpoort Formation

Andesitic lava and muscovite hornfels

Pretoria Group shale and slate

Rooihoogte, Timeball Hill, Strubenko(
and Silverton Formations

Carbonaceous slate, ferruginised quartzite horafedsslate

Pretoria Group quartzite

Boshoek, Dwaalheuwel, Daspoort,
Magaliesberg and Rayton Formations|

Conglomerate, quartzite and hornfels.

Asbestos Hill Subroup

Kuruman and Danielskuil Formation

jaspilite with crocidolite; conglomerate and bandhe formation

Ghaap Group dolomite

Boomplaas, Clearwater, Monteville,
Reivillo, and Fairfield Formations

Undifferentiated dolomite,chert , conglomerate ahale.

Malmani Subgroup dolomite

Oaktree, Monte Christo, Lyttelton,
Eccles and Frisco Formations

Undifferentiated dolomite and chert and shale

Vryburg Formation

Quartzite, grit, conglomerate, shale amygdaloidehl

Black Reef Formation

Quartzite, shale basal conglomerate

Allanridge For mation

Andesitic to basic lava and minor tuff.

Platiberg Group

Kameeldoorns, Goedgenoeg , Makwg
Bothaville and Rietgat Formations

Silicified tuff, tuffaceous sediment, felsic lavahert, conglomerate,
schist sandstone, felsic lava, and breccias

Kliprivier sherg Group

Basaltic lava

Hospital Hill Subgroup

Quartzite, ferruginous shale

Dominion Group

Rhenosterspruit and Syferfontein
Formations

Pyroclastic rocks, tuffs, quartzite conglomeraggis, volcanic roc

Gaborone Granite

Granite

K anye For mation

Felsic lava, breccia

Kraaipan Group

Goldridge, Ferndale and Khunwana
Fomartions

Schist, amphibolites, jaspilite, lava, banded itone and dolomite

Amphibolites basemet

Amphibolites
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Geochemical data were interpolated into a regul gsing the Golden Software
SURFER® Package. A kriging interpolation method wssd to generate the grid, which
was then converted into an 8-bit raster image, edemment producing a "geochemical
image", in which the intensity of each pixel (caldevel) was proportional to the content
of the respective element. Point Kriging was use@ @ridding method for 2D contour
generation. The spatial resolution of the geochahimcages was defined according to its
level of concentration. Contour intervals were aetarious levels depending on the data
distribution pattern of each element.

Due to noisy geochemical results from the contgumnethod and limited software
availability, the classed post map method was tmegeochemical presentation because:

» ltis able to plot the actual true sample positions

* It does not interpolate the non-sampled areas.

4.2 DETERMINATION OF THE THRESHOLD VALUES

Defining background and anomalous values is a fonedwal issue in exploration
geochemistry. In the past, the traditional stafadti methods assumed that the
concentration of chemical elements in the crusioyola normal or log-normal
distribution (Roseet al, 1979; Chork and Mazzuchelli, 1989; Stanley, 2008zampour
and Mosazadeh, 2006). A geochemical anomaly isneééfias a region where the
concentration of the element of interest is gretttan a certain threshold value, and the
latter is determined based on statistical parammeserch as mean, median, and standard
deviation. In general, a geochemical threshold evati defined as 1.5 to 3 standard

deviations ¢) above the mear&() value (Roseet al, 1979; Li,et al, 2003); Ciftciet al,
2005). In this study the geochemical thresholchefraw data is defined as:

Th= X+ 26
These threshold values were calculated for eatheobariables within each of the major
lithological units (Table 4.1-1).

In this study the geochemical data are characterine their spatial position, which
means that the element concentration varies slyatiédwever, the traditional methods
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emphasize the frequency distribution of the elemeanhcentration. The normal
(Gaussian) distribution is not a commonly identfigeochemical distribution. It was
found that most of elements, especially some tedements, do not obey the normal
distribution, but show a right or left skew or awm-law tail and multi-modal
distribution. As a result, it was considered bestransform the geochemical data to
enhance its characteristics before numericallyraplgically evaluating them.

A variety of transformation functions have been Eyged in geochemical applications.
In this paper a simple transformation of data togarithmic function was used (Stanley,
2003; Stanley, 20G@6 2006; Stanley and Ryan, 2008).

y =In(x)

Data quality and validation was carried out usidgPJ8® in order to identify the
duplicate, missing values and zero values. Sanhash have zero values are below the
detections limit and are mostly found on uraniugad and thorium.

Histogram and box plots were computed for eaclollidiical group as well as the map
sheet in order to observe the distribution of tla#ad Most of the elements in each
lithological group are characterized by the disttin which departure from normality
towards highest values (Zhaeg al, 2005). The results are referred to as the pesiti
skewed featured of the distribution for most eletaestiown on the histogram (Appendix
2). It should be noted that the slopes of the piatsnot be directly compared, as axial
scales vary to encompass the wide disparity in @atnations. Most of the trace elements
do demonstrate some form of convex shapes and show that they are composed of
multiple phases and have closer overall similaiteelognormal distributions.

The plots provide useful information for outliertéetion. For example, single samples of
Zn, Fe and Cr (Fig 4.2-4 and fig. 4.2-3) are sejgar&rom the distribution curve. Similar
outliers can be identified for other elements.

All samples which have zero and outlying valuesea@mitted for the following reasons:

(a) They cause the frequency distribution to beesswely skewed; (b) There is no

logarithmic transformation of the zero value; (¢)e¥ give a bias of higher variance. If
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the values are not omitted it will gives rise t@ tbver estimation of threshold values
(refer to table 4.2-1 to 4 and Fig. 4.2-41 to 7).
Table4.2-1: Summary datisticsof Fe, Cr and Zn raw data in Gordonia Formation.

Element N Min Max Mean Median $t. Dev \jar qv Skew  Khrt Thresho Id
Fe,0, 3514 0.77 74.83 3.17 3.10 1.43 2.06 0.45 35.68] 1773.02 6
Cr 3510 2.00| 7677.00 70.50 66.00] 131.65| 17331.57 1.87 55.06] 3178.62 334
Zn 3514 2.00] 85015.00 45.81 20.00] 1433.82] 2055853.00 31.30 59.27| 3513.62 2913
Fe203 (%) Cr (ppm) | Zn (ppm)
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Figure 4.2-1: Histogram and box plot of Fe, Cr and zinc distribution raw datain
Gordonia Formation.

Table 4.2-2: Summary statistics of Fe, Cr and Zn log-transform datain the
Gordonia Formation.

Element N Min Max Mean Median $t. Dev Viar av Skew  Kurt Lag Thr eshold
Fe,0,4 3514 -0.26 4.32 1.12 113 0.25 0.06 0.22 0.25 9.51 6.5
Cr 3510 0.69 8.95 4.16 4.19 0.37 0.14 0.09 -0.11 15.08 194.6
Zn 3514 0.69 11.35 3.00 3.00 0.40 0.16 0.13 2.87 58.06 66.0
Fe203 (Log %) Cr (Log ppm) Zn (Log ppm)
- {[}--#= - - -z} - e - sk - -
Cos0z r030 = L0402
0.20% 0% -3
- = r = F0.20 2
F010 £ r010 2 2
e 0.00 e - 0.00 e 0.00
0 1 2 3 4 3 12 3 4 5 6 7 8 810 12 3 4 667 8 9101112
Fe203 (Log %) Crilog pprm) Zn {Log pprm)

Figure 4.2-2: Histogram and box plot of Fe, Cr and zinc log-transform data in
Gordonia Formation.

Table 4.2-3: Summary statisticsof Fe, Cr and Zn raw data with outliers excluded, in
the Gordonia Formation.

Element N Min Max Mean Median $t. Dev \jar qv Skew  Krt Thresho Id

Fe,0; 3513 0.77 11.25 3.15 3.10 0.77 0.60 0.25 1.24 6.77 5
Cr 3509 2.00]  610.00 70.50 66.00 28.95] 17331.57 0.41 6.00] 3178.62 128
Zn 3513 2.00]  354.00 21.63 20.00 10.58 112.04 0.49 10.49]  285.35 43
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Figure 4.2-3: Histogram and box plot of Fe of Fe, Cr and zinc raw data with outliers
excluded in Gordonia formation.

Table4.2-4: Summary statistics of Fe, Cr and Zn log-transform data outliers

excluded in Gordonia Formation.

Element N Min Max Mean Median $t. Dev Viar av Skew  Kurt Lag Thr eshold
Fe,0; 3513 -0.26 2.42 1.12 1.13 0.24 0.06 0.22 -0.36 231 6.3
Cr 3509 0.69 6.41 4.16 4.19 0.36 0.13 0.09 0.77 8.11 189.3
Zn 3513 0.69 5.87 3.00 3.00 0.37 0.14 0.12 0.25 2.96 60.9
| Fe203 (Log %) | Cr (Log ppm) Zn (Log ppm)
R el [ - I : JA R MR T
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Figure 4.2-4: Histogram and box plot Fe, Cr and zinc log-transform data outliers
excluded in Gordonia formation.
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The Normal model was use to define the threshotth@fog-transformed data (see tables

in appendix 1).
2
Log Th = ex x+(0-T) + 20

Wherex; log meanp, log stand derivation

2
: e . o) . .
Theerror variance stabilizations defined as% in the above equation

The error variance stabilization is added to thg lmean when doing the back
transformation of the log transform data into araidata in order to minimize the error
that arises during the process of log transformatio

In most cases the threshold values calculated &lbmwata on the map sheet (regardless
of lithology) and the threshold value calculated @&ach lithological unit were not
dissimilar from each other. Therefore crustal alaumce of each element (Clarke values,
table A-41) was introduced in order to compare lteal threshold values of each
element as well as to delineate the backgrounchandalous values.

In this study the threshold values (raw data) wesed in conjunction with the map sheet
areas (Mafikeng, Vryburg, Christiana and Kurumamhe plotting of geochemical
anomalies on the lithological grouping by filteringe geochemical data using the
threshold values of each lithological groups. Thas done by the overlaying of the
geochemical data sets and Geological maps on QiS\(&w 3.2a programme).

The reason why the geochemical anomalies were latieg@ for each of the litho groups
are as follows.

» Most of the litho groups are characterized by smialaset this includes Kraaipan
Group, Kanye Formation, Gaborone Granite, Hospit&alSubgroup, Black Reef
Formation, Pretoria Quartzite, Pretoria shale, Hekp Formation. The above
lithological groups are characterized by fewer extely high values which over
estimate the threshold values. Consider nickelridigion over the Kraaipan
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Group (fig. 4.2-5 and fig. 4.2-6) and chromium dizition over Pretoria
Quartzite Groups (fig. 4.2-7 and fig. 4.2-8).

Plotting the geochemical anomalies based on the tifrouping does not define
the spatial continuity (size and shape) of the al@ms With the neighboring
lithological groups it clearly shows the shape,es@nd continuity of the
anomalies. If these neighboring values were omittleel anomaly would not be
Clear.

To eliminate underestimation or over estimationtloeshold values. Too low
threshold, time and money will be wasted on thdovahg up non-significant
anomalies. Too high threshold values will mean thame portions of the
anomalies will be missed (example Fig. 4.2-7 agd4i2-8).

Although the geochemical maps were plotted from tep Sheet, the
geochemical anomalies were filtered the Arc-vieRa3ased on the Litho groups
threshold values and it was found that it producelar results as the Map Sheet
results (see fig.4. 2 -9 to fig. 4.2-12).

Threshold values were considered approximatelyetiie concentration of the
crustal abundance. Therefore because a globahtiice®r each map is used, the
threshold will cover all values within individuakhological units where their

thresholds are below the crustal abundance corate&mtr
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Figure 4.2-5: Classed post map of Nickel distribution on Kraaipan group, TH =
176ppm (lithology group threshold value).

In fig. 4.2-5 some of the data are omitted duevier @stimation of the threshold values as
a result of one of the outlier values (278ppm). Bpecial continuity and shape is not
clearly defined on this single lithological groufig.4.2-6 is the map sheet of the entire
data set of the Vryburg Area, where the continoityhe anomaly is visible as they are

connected with adjacent anomalies of the litholabgroups.
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Figure 4.2-6: Classed post map of Nickel distribution on Kraaipan group, TH =

91ppm (Vryburg Geological M ap Sheet threshold value).
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Figure 4.2-7: Classed post map of Chromium anomaly in Pretoria Quartzite
grouping where threshold of 1328 ppm.
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Figure 4.2-8: Classed post map of Chromium anomaly in Pretoria Quartzite
grouping where threshold of 485 ppm (M afikeng Sheet- threshold values).
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Figure 4.2-9: Classed post map of zinc distribution on Ghaap group dolomite.
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Figure 4.2-10: Classed post map of zinc distribution zinc anomaly in the 2724
Christiana Sheet.

Figure 4.2-9 and fig.4.2-10 shows the geochemioah@ly of the zinc on the Reivilo
Formations of the Campbell Rand Subgroup. The ahomedlects the Pering Zn-Pb
mineralization which is circular in shape, where thner part of the anomalies has a gap
as no sample could be collected from the abandoped cast mine. The deposit was
mined from 1984 to the end of November, 2002 (Seatd, 1986).
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Figure 4.2-11: Classed post map of chromium anomalies on surface sand.

Both fig.4.2-11 and fig. 4.2-12 they represent amgeochemical distribution (Anomaly

A) over the surface sand. Fig. 4.2-11 is not claaible; the data covers wide areas.
There are no clear trends of anomaly B and C asléhe® was modeled on the surface
sand litho group. In fig. 4.2-12 it shows threentt® where all the higher values of
different anomalies from various litho groups aommected together to clearly defined

shape and extent of the anomaly.

Although the geochemical maps were created frongkbieal threshold, (map sheets) the
lithological units threshold were also applied,the identified anomalies to justify the
anomalies associated with that particular lithatadjigroup based on lithological
threshold value. This was done by overlaying thelagy and geochemical data set and
filtering the data in that particular lithologiogiioup based on lithological units.
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Figure 4.2-12: Classed post map of chromium anomalies on M afikeng ar ea.

4.3 DATA PROCESSING

Published geological and geophysical maps (MafikeNgyburg, Christiana and

Kuruman) at scale of 1:250 000 were used to ewaltlz spatial association between
bedrock lithologies and soil geochemistry. The ggimal maps are in hard copy and
vector format, geophysical maps were in Tiff-fornadtereas geochemistry data were in
point data. This was done by a spatial overlaylaggling) of the sample concentrations
of 21 analyzed elements over the geological andplyesical maps (magnetic and
gravity) using Arc-View 3.2a, which was reclasgifi;nto lithotypes (metasediments,
granitic rocks, carbonates, volcanics and to Qunatgrsediments), representative for the

internal lithological variation.
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4.4 DISTRIBUTION OF ELEMENTSON THE 2524 MAFIKENG SHEET

441 Statistical analysis

Summary on the statistics on the complete validat&tad set (7690 samples) covering
sheet 2524 Mafikeng are presented in Table 4.4ith, the values for minimum (Min),
maximum (Max), standard deviation (Std. Dev), meamge, variance, kurtosis and
skewness. The mean plus two times standard devsatibeach element are displaced in
the last column to show the general threshold efdbmplete data set across various
lithological units. For example, contouring intelsvdor the map were based on a 95%
confidence interval (mean + two std. dev) to shdwnaical variation in the different
lithological units. In general the values with centrations higher than the average plus
two times standard deviation were considered amalous. Sample B12, MAP No 2UM
was not considered when computing the statisticalysis of this area because the
sample was characterized by higher values e.g.3f0t in Zn, 7677ppm in Cr and 74
wt% in FeOs; and other elements. As the values of the aboveiom=a elements were
extremely high and this would have a higher impacthe mean of higher values which
would result in biased estimation (mean) of theeshold values. As the data set
containing different lithological units, thresholdlues were calculated separately each
lithological units and map on each element.

4.4.2 Correlation of elements

All 21 elements in Mafikeng 2524 Sheets were catesl to one another and in the
correlation results only 11 correlations were ideadt. Out of the 11 correlations five
were found to be positively correlated (Ti-Zr, Co;ZL0-Cu, Co-Zn, Cu-W, and Zn-W)
where their correlation coefficients were rangimgvieen 80-95 %.

These correlations are tabulated in Table 4.4-2]lewdeven correlations were found
weakly positively correlated which include the @ation among the following elements:
Fe-V, Co-W, Cr-Ni, Co-Zn, Ti-Nb, Zn-Pb, Y-Th, Co-Gund Y-Nb all this elements their

coefficient of correlation were ranging between& .Cobalt, tungsten, yttrium and
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niobium show poor correlations as they have noetation coefficients (Co-W; 55% and
Y-Nb, 52%, Fig. 4.4-2. None of the outlined elensehtive perfect correlation as the

coefficient of perfect correlation is 1 {&l).

Table4.4-1: Summary statistics on the complete geochemical data set for the 2524
M afikeng Sheet.

Element N Min Max Mean Median $t. Dev \ar qv Skew  Kurt Thresho Id

TiO, 7691 0.10 3.52 1.01 0.99 0.28 0.08 0.28 0.67 2.75 1.6
MnO 7691 0.01 5.35 0.13 0.06 0.28 0.08 2.11 6.54 61.11 0.7
Fe,05 7690 0.50 25.41 4.29 3.68 2.02 4.07 0.47 2.11 8.42 8
Sc 7686 1.00 92.00 11.99 12.00 4.13 17.04 0.34 3.66 53.14 20
vV 7688 1.00]  382.00 60.60 54.00 28.80 829.51 0.48 1.82 7.31 118
Cr 7684 2.00] 4253.00] 133.24 89.00]  175.99] 30973.69 1.32 8.45| 117.23 485
Co 7667 1.00]  654.00 14.01 12.00 15.46 238.90 1.10 32.28| 1265.27 45
Ni 7689 5.00]  706.00 46.26 34.00 41.22| 1699.34 0.89 41.22 49.50 129
Cu 7688 4.00]  234.00 24.83 21.00 13.86 191.97 0.56 2.55 15.08 53
Zn 7690 2.00] 1288.00 33.51 29.00 23.58 555.87 0.70 21.16] 1053.39 81
As 6725 1.00]  164.00 13.17 12.00 9.56 91.43 0.73 3.57 32.67 32
Rb 7690 10.00]  196.00 75.63 73.00 21.23 450.75 0.28 0.73 1.51 118
Sr 7686 7.00]  555.00 50.97 44.00 29.23 854.39 0.57 3.90 33.65 109
Y 7686 1.00]  102.00 28.09 27.00 7.70 59.28 0.27 1.09 4.48 43
zr 7691 45.00] 4196.00] 957.78|  933.00|  444.80|197845.22 0.46 0.62 0.88 1847
Nb 7689 1.00 47.00 21.02 21.00 3.72 13.85 0.18 -0.01 1.27 28
Ba 7687 10.00[ 1819.00] 311.64| 302.00 92.32| 8522.85 0.30 2.41 23.56 496
W 7685 1.00 20.00 9.77 9.00 2.59 6.73 0.27 0.03 -0.87 15
Pb 4326 1.00]  177.00 4.82 4.00 5.92 35.08 1.23 12.39]  260.28 17
Th 7652 1.00 27.00 14.83 15.00 2.30 5.27 0.15 -1.00 4.70 19
U 1603 1.00 12.00 1.72 1.00 1.05 1.09 0.61 2.80 15.53 4
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Table 4.4-2: Correlation matrix of the elementsin 2524 M afikeng Sheet.

TiO, MnO FeO; |[Sc \% Cr Co Ni Cu Zn As Rb Sr Y Zr Nb Ba W
TiO, 1.00
MnO -0.31 1.0
Fe,03 -0.29 0.3% 1.00
Sc 0.12 0.1 0.69 1.00
\ -0.24 0.23 0.79 0.69 1.09
Cr -0.24 0.0 0.58 0.44 0.53 1.00
Co -0.07] 0.0 0.4y  0.60 0.41] 0.56 1.00
Ni -0.29 0.0 0.55 0.50 0.57 0.78 0.2 1.00
Cu -0.09 0.0 0.50 0.57] 0.33 0.50 0.82 0.11) 1.0
Zn -0.04 0.04 0.38 0.27 0.20 044 081 0.00 0.98 1.09
As -0.55 0.1 0.3 0.22 0.27 0.8 0/10 021 0.34 D.27 1.00
Rb -0.06 -0.17 0.09 0.04 0.7 -0.p4 0J00 0.04 0.18 D.24 {0.03 0[1.0
S -0.03 -0.1 0.0p 0.11 0.7 -0.p8 0J02 0.06 0.03 -p.01 10.02 15/0. 1.0(
Y 0.49 -0.24 -0.1p 0.01 -0.15 -0.116 -0j04 -0.17 -0.02 .00 1{0.3 0.54 -0.01 1.0
Zr 0.86 -0.30 -0.57 -0.1p -0.56 -0.36 -0.15 -0{45 -0.14 -(0.03 -p.61 0.12 -0.04 0.4p 1.do
Nb 0.81 -0.34 -0.43 -0.14 -0.46 -0.26 -0.p4 -0438 -0.01 .07 -p.57  220. -0.11 0.72 0.83 1.00
Ba 0.01 0.3% 0.28 0.26 0.25 0.p0 0j21 0.06 0.19 D.15 10.04 0.37 34{0. 0.14 -0.07 -0.0p 1.0
w 0.12 -0.01 0.2b -0.24 0.8 0.85 075 -0.12] 0.93 0.97 -0.40 -0.22 -0.0y 0.97 0.14 0.p2 -0J18 j!)
Pb -0.23 0.1 0.3 -0.01 0.17 0.9 049 0.03 0.55 0.55 0.13 0.0 0.06 -0.10 -0.19 -0.]18 0/11 0.50
Th 0.31) -0.3 -0.26 -0.08 -0.22 -0.p7 0/05 -0.13 0.07 D.10 10.28 0.3§ 0.04 0.50 0.33 0.54 0.04 0.11 .qo
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4.4.3 Statistical distribution

In the Mafikeng sheet, titanium, zirconium, niobiland tungsten show an asymmetrical,
bimodal distribution (Fig. 4.4-1). All these elen®nshow that they have a higher
concentration dominated over the western part ef timp on the surface sand of the
Gordonia Formation and they have a poor conceaotratn the eastern side of the map, over
the mafic and intermediate rock, (Transvaal Sumengr biotite gneiss and Allanridge
Formation lithologies.

Manganese, scandium, iron, vanadium, chromiumaltolickel, copper, zinc, arsenic,
strontium, lead, and uranium show asymmetrical,itpety skewed distributions with
occasional outliers and lower concentrations orchegacterized by lower values in the felsic
rocks (surface sand of the Gordonia Formation,iteidnd gneiss, Gaborone Granite and
Kanye Formation). The eastern part of the areaadgminantly occupied by higher values
of those elements on top of the mafic and ultracnafcks.

Yttrium, thorium, rubidium and barium shows symmestl, leptokurtic distribution with
occasional outliers, vanadium has a fairly symroatridistribution which is positively
skewed in Fig. 4.4-1.
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Figure 4.4-1: Histograms and box plots of the elements on the M afikeng Area.
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4.4.4 Geochemical distribution

Chromium (Cr) Distribution

The Fig 4.4-2 shows chromium anomalies in the Mafk area. Towards the north

margin of the sheet, anomalous values are occdlioeacountered in the centre.

Anomaly A is located in surface sand, river sand alluvium of Quaternary age, which

the author believes is from the Lower Chromititengf the Bushveld Complex. The

highest values occur in the middle of the anomadyere the chromium content reaches
2202 ppm. The second anomaly B occurs to the safuinomaly A and extends toward

the Botswana and South Africa border. It considtshoee separate peaks, with the
highest having a concentration of 4017 ppm.

This anomaly (trend B) resulted from andesitic land pyroclastic rock of the Hekpoort

Formation. The third anomaly (trend C) lies soutstn@ the anomaly B, and occurs on
the surface deposit, river sand and alluvium oft@unary in age. The anomalies trend in

a NW-SE and cover a wide area in terms of kilonse#ed have an irregular shape.

Nickel (Ni) Distribution

Nickel shows two major anomalous areas (A and Biclwvkover a large portion of the
eastern part of the Mafikeng Sheet as shown in 4Hg3). In the north-east part of the
map, nickel shows similar trends as chromium okiersame lithological units (probably

mafic sills).

Anomaly A has a peak concentration of 706 ppm antbcated in surface sand, river
sand and alluvium of Quaternary age.

Anomaly B occurs over quartzite, minor shale, litnes, and minor hornfels of the

Magaliesberg Formation and andulusite muscovitafleds, tuff, conglomerate, andesitic

lava and pyroclastic rocks of the Hekpoort Formmatibhis anomaly has a peak value of
1009 ppm on diabase. This trend extends over a @isgance.
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Anomaly (C) is located south of the Mafikeng arkaeflects the andesitic lavas of the
Allanridge Formation to the southeast of Mafikengwh. It could also reflect surface
sand of the Gordonia Formation as it extends nortiafikeng. It has a maximum value

of 385 ppm in biotite gneiss and amphibolites ef basement complex.

Copper (Cu) Distribution

Figure 4.4-4 depicts the distribution of copperraabes in Mafikeng area. Anomaly A
which covers an area of a few square kilometelacated in the Mafikeng area. It trends
northeast-southwest of Mafikeng town, towards tbatlsern map margin, occurs on
andesitic lava and tuff of the Allanridge Formatidie anomaly has a maximum peak
value of 148 ppm over the tholeiitic basalt of tkbpriviersberg Formation of the
Ventersdorp Supergroup. The upper two anomaliesmdioover the Magaliesberg
Formation (C, north-south trend) and far right todgathe end of sheet which appears in
the point form B on the surface sand of the Gor@dtarmation (Fig 4.4-4). Anomaly D
extends over a few kilometers (x12.8 km) and iikisly that it is caused by andalusite
muscovite hornfels, tuff conglomerate, andesitivalaand pyroclastic rock of the
Hekpoort Formation.
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Zinc (Zn) and Lead (Pb) Distributions

Fig 4.4-5 and Fig 4.4-6 show anomalies of zinc kadl, both of which are similar in
shape and closely associated. Lead however gigedaianomaly A and B, while zinc
gives rise to anomalies A, B and C. The anomaleszinc and lead differ in their
concentrations and threshold values. Anomaly Asoaiated mainly with the greywacke
and shale of the Kameeldoorns Formation and alsertiary calcrete.

Anomaly B (both zinc and lead) is associated wita therty dolomite of the Eccles
Formation while an anomaly C is hosted by the Brisormation.

The mineralogy of lead-zinc ore from the dolomitnsists of sphalerite, galena and
minor chalcopyrite as ore minerals, with diagenptiate, hydrothermal dolomite, quartz
and calcite as gangue minerals. Sphalerite preddgasrover galena.

Anomalies of zinc and lead at point B are hosteavbgkly metamorphosed and virtually
underformed stromatolitic carbonates of the Midaihel Upper Frisco formations (2520
Ma) of the Malmani Subgroup of the Transvaal Supmrg. The fact that both
carbonaceous host rock and hydrothermal mineraizéiave experienced a mild contact
metamorphic overprint due to the intrusion of tleeBproterozoic (2065 Ma) Bushveld
Igneous Complex, is strong evidence for a Paleepryabic age for these anomalies.
Anomalies B and C lie on known occurrences mingaéitbn which is generally regarded
as being the oldest examples of carbonate-hostssdiddippi Valley-Type mineralization
(Poetter, 2001).
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Figure 4.4-2: Distribution of chromium anomalies on the M afikeng Area.
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Figure 4.4-3: Nickel distribution concentration on the M afikeng Area.
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Figure4.4-4: Classed post map of copper anomalieson the M afikeng Area.
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Figure 4.4-5: Classes post map of zinc anomalies on the M afikeng Area.
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Figure 4.4-6: Classed post map of lead distribution in the M afikeng Area.

Arsenic (As) distribution

Arsenic shows clear anomalous trends to the sonthrertheast of Mafikeng. The

southern anomaly A (Fig. 4.4-7) trends in a nodhbtk direction and has the maximum
value of 164 ppm Arsenic. It lies on colluvial sandhich extends northwards into

amphibolite, biotite gneiss of Archean age and retdc This anomaly might be

associated with the known gold mineralization whiaiturs in this area. The extension
of the anomaly north might be due to the weatheaind transportation of the material
from the mineralization source, through river chalapas they drain northwards to the
Molopo River.

The second anomaly (B) is situated on the chelt dilomite of the Eccles Formation.

This anomaly is also located around an old goldenimineralization) which is no longer

operating. The anomaly has a maximum value of J818 Arsenic. The upper anomaly
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(B) trends northwest to southeast, towards Botswaoraer. This anomaly is mostly
dominated by the threshold concentrations. It Hes maximum value of 144 ppm
Arsenic on ferruginous quartzite, siltstone andeslodthe Timeball Hill and Klapperkop
Quartzite Formations. Towards the South Africa-B@tsa border, the highest anomaly

occurs on dolomitic rocks of the Malmani Subgroup.
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Figure 4.4-7: Classed post map of arsenic distributionsin the M afikeng Area.

Iron (Fe) distribution

Iron shows two parallel anomalies A and B in thstexan part of the Mafikeng sheet (Fig.
4.4-8). The strike northwest —southeast and exsdadg strike for over 10kilometer.
Anomaly A has three separate peaks; upper (23 winitldle (19 wt %) and lower (14
wt %). These geochemical anomalies reflect exaitiy same pattern as the higher
magnetic anomalies. This trend occurs over the Rmgte and Penge Formations.
Anomaly B has a peak value of 25.4 wt % and ocowes diabase and norite, andesitic
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lava and andalusite muscovite hornfels of the Magbérg Formation. The anomaly
highlights a known iron deposit that is situatedlmdiabase and noritic rocks.
The anomaly C is situated south of the Mafikeng molvtrends north north east to south

south west and reflects dark minerals of the inegliaite to mafic volcanic rocks of the
Allanridge Formation.
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Figure 4.4-8: Distribution of iron concentration in the M afikeng Area.
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Rubidium (Rb) and Yttrium (Y) Distribution

Figure 4.4-9 shows the close spatial correlationrddidium and yttrium with the
lithological units of the Gabrone Granite and thanife Formation. Gabrone Granites
have the highest rubidium contents of up to 196 pptin maximum yttrium values of 80
ppm. In contrast, much lower concentrations ofdubn are found over of the Gordonia
Formation in the western part of the map area aret &ormations of the Transvaal
Supergroup in the eastern part of the map areaseTtistribution patterns suggest that
the host rock mineralogy of rubidium and yttriumynd@o a large extent have been
derived from feldspar in granite. The felsic rocfghe Kanye Formation show that the
rubidium concentration mainly reflects the regiottadeshold values. The area is also
characterized by high magnetic anomalies rangimgden 340-1420 nT extending to the
east of the Botswana -South Africa border.

It is assumed that the rubidium and yttrium anomalyhis area is hosted by the red
Gabrone Granite. Yttrium shows or reflects backgmbweoncentration on the Monte
Christo, Lyttelton and Eccles Formations. It seemsthough an increase in the chert

concentration in the dolomite, decreases the cdraten of yttrium.

Niobium (Nb) distributions

Like rubidium and yttrium, niobium shows similaramalous trends to rubidium and
yttrium in the Gabrone Granite. The only differensethat the rubidium and yttrium
anomaly extends to the Kanye Formation but theiambanomaly is found only on the
Gabrone Granite (Fig 4.4-10). These two elemerag/shclose relationship with yttrium

as they have similar chemical behavior.
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Figure 4.4-9: Classed post map of rubidium and yttrium in the M afikeng Area; (a)
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Figure 4.4-10: Classed post map of niobium concentration in the M afikeng Area.

Vanadium (V) Distribution

Fig 4.4-11 shows a vanadium distribution patterricivhhas similar patterns to iron.
Anomaly A occurs almost in the same area as thatoof and it is assumed that the
anomaly resulted from the lower volcanic units bk tHekpoort Formation. This
formation consists of andesitic lava which has beetamorphosed to the upper green
schist facies and consists of altered plagioclageen hornblende and quartz with
accessory biotite, cummingtonite, chlorite and efad It is assumed that vanadium is
hosted as a minor or accessory mineral within thigbelogical units. Vanadium
concentration decreases towards the Botswana hondech might indicate thermal
effects of the Bushveld Complex, decreasing towdrdsvest and increasing towards the

east.
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The second anomaly B, lies on the Magaliesberg Bborm and diabase. The presence of
vanadium in the area might be the result of théaka intrusion in the Magaliesberg and
Silverton Formations.

The third anomaly (C) of the vanadium situated BaftMmabatho, has a concentration
ranging between 118 to 220 ppm, and is hosted ®\atidesitic lava of the Allanridge

Formation.
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Figure 4.4-11: Classed post map of vanadium distributionsin the M afikeng Area.
Barium (Ba) Distributions

Barium anomalies are subdued and dispersed (Figl2). The element shows borderline
cluster distribution on the dolomite and chert ¢ tMalmani Subgroup of the

Chuniespoort Group. The element has a maximum obrat®n of 1819ppm along the
fault zone in the chert rich dolomite zone of therite Christo Formation.
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Figure 4.4-12: Classed post map of barium distribution in the M afikeng Area.

Manganese (M n) Distribution

Manganese show similar distribution to barium oa tindifferentiated dolomite and
chert-rich dolomite of the Lyttelton Formation. Mgmese anomalies follow a distinct
northwest-southeast stratigraphic trend with onlg single point anomalies occurring in
the southern part of the map, a further anomalyiectowards Botswana’s border (Fig.
4.4-13). The lithologies of the formations whiclveyirise to manganese anomaly are

mainly carbonaceous rocks.

Uranium (U) distribution

Uranium distribution pattern shown in Fig 4.4-1digates the granitophile association of
this element. Elevated uranium values from Oppmumntb a maximum of 10 ppm occur

on the Gaborone Granite (area A Fig 4.4-14). Tiwereaties do not show a clear trend in
the northern part of the sheet but rather sphecicster in the case of anomaly A and a
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wide cluster in the case of the anomaly B area. Uia@mium distribution in area A, is

dominated by the regional threshold concentratranging between 4ppm -10ppm and it
shows a close relationship to the Gaborone Graditee anomalous area B, also
represented by dispersed concentrations of uranitours on amphibolite and gneiss of

Archean age. The higher concentration anomaliesregeesented by single points as
indicated on the map.
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Figure 4.4-13: Classed post map of manganese distribution in the M afikeng Area.
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Figure 4.4-14: Classed post map of uranium concentration in the M afikeng Area.

Distribution of other elements

Titanium does not show any positive anomalies @a af low or negative anomalies
occurs in the Mafikeng area. Single point posiawv®malies of titanium are found over
various lithological units of the map area, witle ttoncentration of between 2-3 wt%.
The lithologies in the eastern part of the map dr@ee low titanium concentration as
compared to the lithologies of the western pathefmap (Fig. 4.4-15). The aeolian sand
of the Gordonia Formation is characterized by bamkgd titanium concentration in the

western part of the Mafikeng area.
The BIF of the Penge Formation is characterizedhey4 single point cobalt anomalies

with concentrations of between 600 ppm to 655 pipig.(4.4-16) reflects mainly
regional threshold values which are located onsilndace deposits of Quaternary age.
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Cobalt does not give rise to any continuous geodatenanomalies in Mafikeng map
accept for three anomalies which appear to be adedowith a lithological units of the
Transvaal Supergroup.

Tungsten has the same concentrations level asutitabeing below the threshold values
of 21 ppm, there are no obvious anomalous tungstads in the map area.

Scandium anomalies are scattered (Fig. 4.4-17) sawdace deposit and represent mainly
regional threshold concentrations (A). Over theeatit lava, subordinate pyroclastic
rocks and quartzite of the Hekpoort Formation, daan is characterized by clusters of
elevated values (around anomaly B area). The amesnaend in the same direction as
the Hekpoort Formation (northwest to south eastyerOthe chert breccia and
conglomerate of the Rooihoogte Formation scandilnows a scattered distribution
pattern and trends in the same direction as thenlywg lithologic units. The anomaly
over the Rooihoogte Formation has a maximum valu@3oppm. Around Mafikeng
Town (Area C) scandium shows scattered distribupattern of regional threshold
values. It is assumed that scandium anomaliestrsuah intermediate volcanics of the

Allanridge Formation.

The andesitic lavas and tuffs of the Allanridge rration are characterized by elevated
values of zirconium which shows scattered distidutpatterns south of the Mafikeng

area (Fig. 4.4-18). The west to east trend of nom anomalies results from biotite

gneiss, homogeneous granite and micro granite ef Basement Complex. Strong

zirconium anomalies are represented by single jsaaver surface deposits.

Thorium in the Mafikeng area shows two positive raabes consisting of a few clustered
points of the regional threshold concentration (Big-19). Anomaly A occurs over shale
of the Strubenkop Formation while anomaly B liegroporphyrytic graphic granite and
micro granite of the Gaborone Granite. Anomaly $Bbws positive correlation with a

magnetic anomaly over this lithological unit.
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Figure 4.4-15: Classed post map of titanium digtribution in the M afikeng Area.
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Figure 4.4-16: Classed post map showing cobalt anomaliesin the M afikeng Area.
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Figure 4.4-17: Classed post map of scandium anomaly in the M afikeng Area.
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Figure 4.4-18: Classed post map of zirconium concentration in the M afikeng Area.
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Figure 4.4-19: Classed post map of thorium distribution in the M afikeng Area.
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4.5 DISTRIBUTION OF ELEMENTSIN THE EASTERN PART OF 2625
VRYBURG SHEET

451 Statistical analysis

A summary of the statistics on obtained from thgbdrg 2625 Sheet, data set (11088
samples) is presented in Table 4.5-1. Thresholdinmim, maximum, standard deviation
(Std. Dev.), mean, range, variance kurtosis anevsé&ss values are shown. The mean
plus two standard deviations is displayed in theosd column to show the general
background of the complete data set across variblislogical units. Contouring
intervals for the map were based on a 95% confelemerval (mean + 2(std. dev.)) to
show chemical variation in the different lithologimits. In general, the values with a
concentration higher than the average plus two girsiandard deviation (Threshold
values) were considered positive anomalies. On ta det containing different
lithological units, anomalous values were calculegeparately for each element.

45.2 Correlation of elements

All 21 elements in the 2625 Vryburg Sheets were well correlated with each other.
From the results, only 11 correlations were idedifin Table 4.5-2. Out of the 11 five
were found to be positively correlated (Fe-Cu, FeFé- Ni, Fe-Sc and V-Cu with

correlation coefficients ranging from 0.80-0.95@6). The correlation coeficients are
tabulated in table 4.5.2. Seven weak correlatioasevobtained by Cr-Ni, Sc-V, Sc-Ni,

Sc-Cu, V-Ni, Ni-Cu, Ti-Nb, Ti-Zr and Zr-Nb the cd&fents of correlation ranged

between (0.75-68%). Cobalt, tungsten, yttrium aiedhinom show poor correlations with

very low correlation coefficients (Co-W; 0.17% avieNb, 0.48%).
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Table4.5-1: Summary statistics on the complete geochemical data set for the
Eastern part of 2625 Vryburg Sheet.

Element N Min Max Mean Median $t. Dev Mar av Skew  Kurt Thresho Id

TiO, 11088 0.21 2.70 0.97 0.97 0.15 0.02 0.16 0.36 4.43 1.3
MnO 11088 0.02 1.04 0.09 0.08 0.04 0.00 0.51 6.74 95.75 0.2
Fe,0, 11088 0.92 16.50 4.53 4.52 1.37 1.88 0.30 0.47 1.28 7
Sc 11088 1.00 43.00 13.06 13.00 3.14 9.88 0.24 0.27 2.23 19
V 11088 1.00]  291.00 69.74 70.00 22.78]  518.70 0.33 0.49 1.86 115
Cr 11087 5.00] 1156.00] 116.23] 106.00 58.38] 3408.03 0.50 3.58 29.26 233
Co 11088 2.00]  803.00 16.77 16.00 8.75 76.60 0.52 65.49] 5873.61 34
Ni 11088 9.00]  298.00 49.76 48.00 20.55|  422.49 0.41 20.55 16.47 91
Cu 11082 1.00]  160.00 29.52 28.00 11.16]  124.58 0.38 1.18 3.90 52
Zn 11088 16.00]  894.00 48.35 47.00 17.95]  322.05 0.37 19.01] 71273 84
As 10944 1.00]  125.00 13.47 13.00 6.15 37.84 0.46 2.27 22.87 26
Rb 11088 25.00] 157.00 73.00 72.00 12.66]  160.22 0.17 0.45 1.82 98
Sr 11088 20.00] 1115.00 70.23 60.00 38.76] 1502.23 0.55 521 76.09 148
Y 11088 7.00 67.00 24.36 24.00 4.09 16.76 0.17 0.42 2.03 33
Zr 11088] 104.00] 3695.00] 812.73] 797.00] 231.06] 53387.51 0.28 1.25 7.46 1275
Nb 11088 4.00]  101.00 19.66 20.00 1.93 3.73 0.10 6.67] 286.13 24
Ba 11088 35.00] 1134.00] 313.11|  309.00 77.66] 6031.21 0.25 0.95 4.39 468
W 11087 1.00 56.00 11.66 12.00 2.41 5.83 0.21 1.52 20.24 16
Pb 8951 1.00]  161.00 4.60 4.00 3.70 13.71 0.80 11.82]  406.17 12
Th 11080 1.00 30.00 13.59 14.00 1.52 2.30 0.11 -0.23 8.04 17
U 82 1.00 13.00 2.23 1.00 2.29 5.24 1.03 2.65 7.56 7
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Table 4.5-2: Correlation matrix of 21 elementson the 2624 Vryburg Sheet.

TiO, |MnO [Fe0O; |sc vV Cr Co Ni Cu Zn As Rb Sr Y Zr Nb Ba w Pb Th U
TiO, 1.00
MnO 0.08 1.0
Fe,0; 0.16 0.4 1.0p
Sc 0.22] 0432 083 1.00
vV 0.09 041 088 075  1.00
Cr 0.14 0.3 051]  0.47 0.4 1.0p
Co 0.12] 0.2 0.36 0.34 0.35 0.18 1]00
Ni 0.0 0.3 081 070 071 072 0.3§ 1.0(
Cu 0.12 0.3 09| o075 082 035 03] 074 1.00
Zn -0.07 0.3 0.4p 0.35 0.35 0.p5 0]12 031 0.37 1.00
As 0.52 0.2] 0.18 0.30 0.20 0.p1 0]02 021 0.20 h.26 1.00
Rb 0.11] 0.01 0.2 0.10 0.14 -0p2 0/03 0/10 0.16 b3 J0.04 1.00
S 0.08  -0.14 014 013 0.07 0.6 0J11 015 0.26 b.ol  Jo.o1 0.001.00)
Y 051  0.32 0.44 0.4B 0.40 0.07 0.p2 027 0.36 16 -p.13 0.41 0.07 .00 1
Zr 066 -024 -048 -03p -047 -029 -0jl6 044 052 -029 P58 0.14  -0.1 0.1B 1.00
Nb 072 -01§ -01f -00L -040 -0.21 -0p5 024 022 017 P47 .090 -0.1d 0.48 0.72 1.00
Ba 0.33  -0.0 0.14  0.04 0.07 _ -0p0 0/10 0,08 0.18 P02 J0.24051]  0.47 0.2 0.0p 0.11 1.00
W 0.18 02 045 038 -036 -0p8 -0]17 035 -046 -p31l 140 015 031 010 048 097 _ -0l10 100
Pb -0.09 0.0f -0.0p 0.03 0.2 -0.9 0j01 004 -9.01 b.35 0.16 310 0.1] 005 018 -0.13 099 -0J09 1[00
Th 028 -00 -0.16 005 -046 08 -0/03 -019 -0.17 -p.19 070. 020 -0.0% 0.3P 0.49 0.50 013 o[12 d.15 .00
U 039 -00 03t 031  -0.09 -op2 0j12 001  -0.16 b.06 0.65-0.36 0.73 -02p -077 0.11 0p2  -0J55 0/40 06 1.00
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45.3 Statistical distribution

On the histogram plots titanium, iron, scandiumpagium, barium, tungsten, rubidium,
yttrium, thorium and zirconium show symmetrical tdisution patterns with occasional
outliers. Titanium, tungsten zirconium and thorighstributions are leptokurtic (highest
pick) when compared to the other elements. Mangargdgomium, cobalt, nickel copper,
zinc, arsenic, strontium, niobium and lead, showmasetrical distribution patterns and
positively skewed (Fig. 4.5-1). Manganese has Mhigledues over the Monte Christo
Formation, and nickel, strontium, copper and irae @ositively skewed due to high
concentrations over the Allanridge Formation. Chrom shows high values over the
Kilpriviersberg Group. The rest of the elements faiely evenly distributed over various
lithological units or areas. Uranium distributiomtierns are not obviously due to low

concentrations.
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Figure 4.5-1: Histograms and box plots of the elementsin the 2625 Vryburg Sheet.
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45.4 Geochemical distribution

Chromium (Cr) Distribution

Chromium and nickel show very good correlation,eesgly anomalies in the case of A and
B (Fig. 4.5-2 and 4.5-3). In both cases the anasaldiccurs on the Goldridge Formation of
the Kraaipan Greenstone Belt. Nickel has a lowearceatration than chromium. A third
anomalous area of chromium (C) lies on the EaghefMigdol area where it occurs on
basaltic lava of the Klipriviersberg Group. The nmaxm value of Cr is 1156 ppm and is
represented by single sample over the Goldridgen&bon. Extending further North-east of
anomaly C, chromium distribution appears to be nswatered on the same lithologies as
anomaly C.

Nickel (Ni) Distribution

Fig 4.5-3 shows the distribution of nickel anomslia the Vryburg area, with two major

anomalies (A and B) having high concentrations dveld ridge Formation of the Kraaipan

Greenstone Belt. Both anomaly A and B have maximantentrations of up to 298 ppm. It

is assumed that the nickel concentration or themahies in area A and B result from

weathering of mafic rocks. The Basement compléwldgies of the Goldridge Formation

show a poorly developed north-south trend (anonsarmne C) with values up to 200 ppm,
and with a scattered distribution pattern.

Anomaly D located in the Maipeng area trends nsahith and occurs on amygdaloidal lava
of the Kliprieversberg Grouf his trend is made up mainly of regional threshatiies. This

anomaly lies over basaltic amygdaloidal lava ofAllanridge Formation.
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Figure 4.5-2: Distribution of chromium concentration in the 2625 Vryburg Sheet.
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Copper (Cu) Distributions

The well developed copper anomaly A lies over thierimediate lithologies of the
Allanridge Formation (Fig. 4.5-4). The Anomaly tdémg NNE-SSW and is dominated
by the values of greater than 50 ppm. In the cepiea of the map area, low copper
concentrations occur. Anomaly C has scattered iloigton pattern made up of
background values lies on the intermediate rockk@fAllanridge Formation.

Anomaly B, lies on the felsic and intermediate ®©ck the Goldridge Formation. The
anomaly has a scattered distribution pattern obatésl values, forming a poorly
developed north-south trend. High copper valuesh vabncentrations of 160 ppm

represented by a single point.

Arsenic (As) Distribution

Arsenic has a scattered distribution pattern withcentrations ranging between 21-50
ppm, representing the regional threshold valuesy ¥eattered threshold arsenic values
are found in the southern part of the map ared&gpet.5-5.

A well- developed clustered of arsenic anomalie¥ l{@s on calcrete, river sand and
alluvium of Quaternary age. This anomalous clukies a maximum value of 76 ppm.

Anomaly B, lies over andesitic lava and tuff of thiéanridge formation.
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Iron (Fe) Distribution

Iron occurs in three anomalous areas viz: A B and €ig. 4.5-6. A and B lie on the
eastern belt of the Kraaipan Group. The highest walues occur to the south on the
Goldridge Formation (anomaly A) and represent kndy@mded iron formation in the
area. The other lithologies of the Goldridge Foloratare characterized by medium to
high iron values. Anomaly C trending NNE-SSW iscasated with mafic rocks of the
Allanridge Formation. In contrast, much of the loweon values are found over the
extensive Klipriviersberg Group and other litholoagiunits in this area. There are some
dispersed iron anomalies in the southern porticih@inap area.

Rubidium (Rb) Distribution

Rubidium anomalies form a north-south trend throoghthe map area and characterized
by two main anomalous clusters (A and B). It shendustered pattern and a dispersed
pattern of elevated values (regional threshold eotration). These clusters occur over
undifferentiated granite and gneiss, migmatite,jssciind amphibolite of the Basement

Complex and undifferentiated Aeolian sand of Quaer age sediments in the case of
cluster A (Fig. 4.5-7). The distribution of Rb imea A resembles the shape, size and
extent of the Basement formations. Cluster B ocaursaeolian sand and the granitic

rocks.
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Figure 4.5-7: Distribution of rubidium concentration in the 2625 Vryburg Sheet.

Vanadium (V) Distribution

Fig. 4.5-8 shows the distribution pattern of vaoadin this area. Vanadium anomalies at
cluster A are attributed to the basaltic amygdabithva and amphibolites of the
Goldridge Formation. The anomalous clusters B arateClocated on basaltic lava of the
Allanridge Formation. They are mainly defined by ttegional threshold values. In the
south eastern part map area, anomaly D is chaizddry few points close to each other
with values ranging between 130-200 ppm. This amprhas a similar distribution
pattern to that of chromium.
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Figure 4.5-8: Distribution of vanadium concentration in the 2625 Vryburg Sheet.
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Barium (Ba) distribution

Barium occurs in three anomalous clusters in thgb\irg map area (Fig 4.5-9). Both
Anomalies B and C are elongated in shape and bett talmost in the same direction
i.e. north to south. Anomaly A has a maximum vabfe945ppm and the trend is
dominated by concentrations ranging between 470-@@snppm. Trend C is defined
mainly by regional threshold concentrations of dari Barium anomalies in the area
appear to be mainly related to biotite gneiss, augesiss, porphyritic and homogeneous
granite and pegmatite of the basement rock of Swmazage. It is possible that the
presence of the barium concentration in sand daseiideposits result from the basement
rocks, due to weathering and mobilization of tremednt. No barium anomalies occur in
the southern part of the area accepts for a fegiesipoint anomalies with background

values.

Scandium (Sc) Distribution

Fig. 4.5-10 shows three areas of anomalous scandintentration in the Vryburg map
area. A Sc anomaly appears to be mainly relatethdéoriver sand and alluvium of
Quaternary age, Area A. Is comprised of elevatedv&@ues of up to 45 ppm, also
accompanied by thorium concentration. AnomalousasarB and C are found over
jaspilite, lava and amphibole of the Ferndale artirdvana Formations and mainly

represent regional threshold values.
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Figure 4.5-10: Distribution of scandium concentration in the 2625 Vryburg Sheet.

Thorium (Th) Distribution

Fig. 4.5-11 shows two major clusters of thorium raabtes in the northern part of the
map area. Anomaly A has values of up to 30 ppmys ¢tve Goldridge Formation. A
cluster also occurs just a few km south of anoma(Area B, Fig. 4.5-11). The anomaly
has highest value of 30 ppm, which is found over @oldridge Formation. The third
anomaly is mainly represented by the regional bamkgd concentration over surface
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sand deposits. This thorium anomaly is also accomgda by high scandium

concentrations.

Zirconium (Zr) Distribution

Zirconium distribution patterns shows a major, vagfined cluster of anomalies (area A,
Fig. 4.5-12) with values of up to 2975 ppm in therth-west portion of the area and

extending over a distance excess of 50km in theasesand of the Gordonia Formation.

Distribution of other Elements

Single point anomalies are associated with zin@d,lecobalt, yttrium, uranium,

manganese, titanium, tungsten and niobium in thddg map area. Zinc has a highest
value of 894 ppm while the highest anomalous leslderis 161 ppm. Both lead and zinc
anomalies are found in the same area over surfaege€hary deposit. It is clear that the

anomalies originated from underlying dolomitic aassociated rocks

Manganese has a negative anomaly over the chardotomite of the Monte Christo
Formation and the anomaly is mainly composed afesbetween 0.428wt%-1.041wt%.

Titanium shows a clustered distribution patterntha northwestern part of the map over
the Gordonia Formation. This is similar to the eatt for manganese with the
concentrations ranging between 1.2wt%-2.2wt%.

Cobalt and niobium show single point anomalies .(Big-13). Cobalt has a maximum
concentration of 803ppm over the Acidic lava (mairquartz porphyry) of the
Makwassie Formation. Niobium shows a well developedmaly in the northwestern
part of the map. It covers an extensive area sirmlaxtent to the titanium anomaly and
lying over undifferentiated aeolian sand. The tresdmainly composed of regional
threshold values with single point anomalies of.1ppm in the eastern part of the map

area.
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Banded jaspilite and acidic lava of the Khunwanantaion on the Madiba belt is
characterized by a poorly developed north-soutlydten trend. Maximum values of 20
ppm of tungsten are correlated with the Acidic lavdahe Kraaipan Group. Tungsten in
this area shows a scattered distribution pattenandaly B in Fig. 4.5-18 has a definite
north-south trend and lies on river sand and Aeosand of the Gordonia Formation.
This anomaly has a maximum concentration of 39ppm.

Uranium is characterized by single point anomaldsch are widely scattered in the

area. High uranium value is found on undifferemttbaeolian sand.
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Figure 4.5-12: Distribution of zirconium concentration in the 2625 Vryburg Sheet.
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Figure 4.5-13: Distribution of lead concentration in the 2526 Vryburg Sheet.
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Figure 4.5-14: Distribution of zinc concentration in the 2526 Vryburg Sheet.
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Figure 4.5-15: Distribution of manganese concentration in the 2625 Vryburg Sheet.
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Figure 4.5-16: Distributions of titanium concentration in the 2625 Vryburg Sheet.
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Figure 4.5-17: Distribution of niobium concentration in the 2625 Vryburg Sheet.
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Figure 4.5-18: Distribution of tungsten concentration in the 2625 Vryburg Sheet.
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4.6 DISRIBUTION OF THE ELEMENTSON THE 2723 KURUMAN SHEET

46.1 Statistical analysis

A summary of the statistics of the Kuruman Sheé2® data set (5517 samples) is
presented in Table 4.6-1. Threshold values, miningiiim), maximum (Max), standard
deviation (std. dev), mean, range, variance, kigtasd skewness are given in the table.
The mean plus two standards deviation is displdoethe last column to show the
general background of the complete data set am@ssus lithological units. Contour
intervals for the map were based on 95% confident&val (mean + 2(std. dev)) to
show chemical variation in the different lithologicunits. In general the values with
concentrations higher than the average plus twedistandard deviation (Threshold
values) were considered anomalous. On a data s&icmg different lithological units,
anomalous values were calculated separately fdr elament.

4.6.2 Correlation of elements

None of the above 21 elements in Kuruman Sheet83(2Were well correlated each
other. Only 6 correlations are apparent from tdb%e?2 include; Ti-Zr and Nb, Rb-Sr and
Zr-Nb. Their correlation coefficients range fron82-0.95 (80-95% correlation).

Table 4.6.2, a weakly correlation was found withNGrand Cu-V. All these elements
have correlation coefficients ranging between (D&23) 62-73%. Other elements are
not correlated with each other and some of therwstegative correlations.
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Table 4.6-1: Summary statistics on the complete data set for the 2723 Kuruman

Shest.

Element Min Max Mean Median $t. Dev Mar d Skew  Kurt Thresho Id
TiO, 5517 0.13 3.56 1.27 1.30 0.33 0.11 0.26 -0.22 1.13 1.9
MnO 5517 0.01 2.25 0.17 0.11 0.19 0.04 1.10 3.41 17.70 0.6
Fe,O, 5517 0.35 26.69 3.89 3.43 2.02 4.07 0.52 2.59 14.25 8
Sc 5457 1.00 83.00 12.16 12.00 4.78 22.81 0.39 1.84 20.29 22
V 5496 1.00]  229.00 39.58 35.00 22.39 501.50 0.57 1.83 6.48 84
Cr 5459 1.00]  614.00 62.45 60.00 32.36] 1047.34 0.52 4.26 44.91 127
Co 5454 1.00]  767.00 10.41 10.00 14.42 207.99 1.39 49.29] 2525.49 39
Ni 5517 6.00]  339.00 27.46 24.00 15.51 240.63 0.56 1551 62.03 58
Cu 5507 1.00]  397.00 16.69 15.00 9.25 85.50 0.55 14.26]  526.24 35
Zn 5517 10.00]  731.00 37.18 35.00 16.34 267.08 0.44 19.40]  719.19 70
As 4996 1.00 97.00 13.73 12.00 10.07 101.48 0.73 2.28 9.76 34
Rb 5517 21.00] 147.00 72.54 75.00 15.29 233.87 0.21 -0.73 2.01 103
Sr 5517 18.00]  508.00 52.66 50.00 23.04 530.91 0.44 7.46 91.71 99
Y 5517 4.00 44.00 24.42 25.00 5.67 32.19 0.23 -1.03 1.13 36
Zr 5517 69.00] 3137.00] 1101.45] 1129.00] 357.18[127576.32 0.32 -0.06 0.29 1816
Nb 5517 8.00 39.00 22.90 23.00 3.41 11.60 0.15 -0.55 0.37 30
Ba 5513 10.00] 1604.00] 363.59] 368.00] 118.47[ 14036.11 0.33 0.66 7.79 601
W 5481 1.00 71.00 9.97 10.00 2.70 7.28 0.27 6.40]  111.86 15
Pb 3245 1.00 70.00 4.34 3.00 4.06 16.46 0.94 5.13 57.38 12
Th 5515 2.00 39.00 14.67 15.00 1.93 3.72 0.13 0.31 7.16 19
U 53 1.00 9.00 3.04 2.00 2.21 4.88 0.73 0.92 -0.16 7
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Table 4.6-2: Correlation matrix of the dementson the 2723 Kuruman Shest.

TiO, MnO Fe,0s 59 V Cr Co Ni Cu Zn As Rb Sr Y Zr Nb Ba
TiO, 1
MnO 0.14 1
Fe,0; 0.14 0.27
9 0.22 0.2 0.6p L
V -0.05 0.34 0.6p 0.92 1
Cr 0.22 0.25 0.5 0.48 0.8 1
Co -0.0 0.04 -0.0p 03 0.32 0.p1 1
Ni 0.09 0.16 0.3f 0.39 0.47 0.72 0.1 1
Cu -0.02 0.14 0.4p 0.38 0.42 0.47 0/05 044 1
Zn -0.01] 0.09 0.2y 0.29 0.325 0.p4 0/02 021 0.4 1
As -0.69 -0.09 -0.0p 0.19 0.06 -0.13 0/02 0.02 .07 D.07 1
Rb 0.44 0.15 0.38 0.36 0.35 0.47 0/03 0.36 41 0.3 .31 1
S -0.17] -0.04 0.0 0.37 0.11 g.1 0,05 0116 0.2 .34 0.36 0.14 1
Y 0.68 0.13 0.3t (o7} 0.37 0.44 -0,01 0134 .33 D.22 .42 0.82 0.05 1
Zr 0.96 0.09 0.03 0.1p -0.97 0.12 -0.06 0Jo2 -0.13 -0.06 -D.68 0.38  .1310 0.6 j
Nb 0.94] 0.08 0.04 0.21L -0.12 0.19 -0.05 1 -0.04 -0.03 -0.62 0.52 11{0. 0.76 0.95] 1
Ba 0.57 0.6 0. 0.4B 0.2 0.49 0.11 0]32 (.33 22 -D.39 0.64 0.07 0.65 0.4] 0.51 L
W 0.15 0.01 0.p -0.04 0.7 0.21 0,01 0 g.01 -0.07 -p.09 0.05 340.3 0.1 0.1] 0.18 01
Pb -0.19 0.08 0.0 35 0.12 0.16 0/06 021 .18 D.48 0.31 0.27 36| 0. 0.1 -0.1 -0.L 0.48
Th 0.33 -0.14 -0.1y 0.47 -0.17 0.p3 -0/02 D.1 -0.04 -9.07 .01 31 0 0.21 0.4 0.3B 0.48 0.
U -0.23 -0.04 -0.11 03 -0.05 -0.13 0,03 -0105 -0.09 -D.06 0.41 -0.21] 0.38 -0.2p -0.19 -0i2 -0.1

~N ©
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4.6.3 Statistical distribution

Fig. 4.6-1,show histograms fro manganese, iroandicm, vanadium, chromium, cobalt,
nickel, copper, zinc, strontium, tungsten and lehstributions all show asymmetrical,
positively skewed, distribution patterns. Titaniuarsenic, rubidium yttrium, zirconium,
niobium and barium have bimodal distributions. opulations of high concentration in
Barium distribution reflect the lithologies of tlighaap Group and the population of lower
values on other lithological units of the area. @tblements outlined above that showed the
bimodal distribution show that they are characestiby low values over mafic rocks and
high values over the surface sand of the Kalahewu@ Higher iron values are located over
the Asbestos Hill Group. Vanadium, copper and arepositively skewed with high values
in calcrete or carbonate rock. Strontium, nicked ahromium had high values over the far
east of the map area over the Allanridge Formatthile low values are found over all
lithological units.

Only thorium showed slightly normal or symmetrigald leptokurtic distribution patterns
and uranium is not well distributed due to an euttif high value.
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Figure 4.6-1: Histograms and box plots of the elements on the 2723 Kuruman Sheet.
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4.6.4 Geochemical distribution

Chromium (Cr) and Nickel (Ni) Distribution

Both nickel and chromium show similar distributigrtterns characterized by regional
threshold values of (256-456 ppm for Cr and 60-fgth for nickel). The major anomalous
area occurs in the north east part on the mapaa@a&xtends up to the map margin (anomaly
A). High chromium concentrations are consistenhwaitafic rocks Cr anomalies occupy the
same area as iron and vanadium anomalies andait oa andesitic and amygdaloidal lava,
and agglomerate of the Allanridge Formation (Fig-2, anomalous A). Nickel anomalies
also to the west of Kuruman with most anomalousiesloccurring in the north-south
trending Asbestos Hills Group. Chromium anomalieghis area are not as compares as

nickel. Single point anomalies are mostly charao¢er by the regional threshold values.

Vanadium (V) and Copper (Cu) Distribution

Zones of vanadium and copper anomalies have nodtistrends to the north-west of
Kuruman. The anomalies are mostly dominated byr¢g@nal threshold values of between
83-166 ppm for vanadium and 35-70 ppm for coppére Mmajor clustered of vanadium
anomalies are found in the western part of the aiga maximum values of 229 ppm (Fig.
4.6-3, anomaly A).

Anomalies B for both copper and vanadium are foowelr the andesitic lava, amygdaloidal

lava and agglomerate of the Allanridge Formation

Iron (Fe) Distribution

Iron anomalies occur in a major cluster trendingtmeest to southeast (Fig. 4.6-4). Iron
anomalies are scattered from north of Kuruman whieeg are characterized by the point
values, to south east of Kuruman, where valuesrheaaore clustered and form a concentric
shape. The area of higher concentration for irondated west of Kuruman on banded iron
formation, jaspilite, and mudstone particularlytie vicinity of major faults. The anomalies
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are believed to have been derived from hematitgnetste and limonite which occur in the
ferruginous jaspilite of the Danielskuil Formatioh the Asbestos Hill Subgroup. Up to
16wt% of Fe is found over the Danielskuil Formatias compare to 12wt% iron over

Kuruman Formation.

Arsenic (As) Distribution

Arsenic anomalies occur as a few clusters of poamtk regional threshold concentrations

over calcrete and surface sand of tertiary age é&&5, area A). A poorly developed north

south arsenic trend, characterized by the widedpelised point anomalies, is found over the
dolomite and chert of the Ghaaplato Group. Thedtextends from the Tsineng area where it
is mostly represented by elevated values, soutkutmman where the arsenic distribution

pattern becomes scattered. East of the Kuruman arganic shows an irregular distribution

pattern (B) with few points forming clusters andlweconcentrations ranging between 60-98
ppm over the aeolian sand of Gordonia Formation.
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Figure 4.6-2: Distribution of chromium and nickel concentrationsin the 2723 Kuruman
Sheet; Cr (a) and Ni (b).
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Figure 4.6-3: Distribution of vanadium (a) and copper (b) concentration in the 2723
Kuruman Shest.
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Figure 4.6-4: Distribution of iron concentration in the 2723 Kuruman Sheet.

142



2T
27
27
2784 '_
2744 3 i
R i e T I e D g R T
AT R .| : _.l B . | C%lh |' : : . __l ___l_ . _l_ 37 5
231 232 233 234 235 238 237 238 239
| ] Legend
0 10 20 30
Kilometer ® 0 to 16 ppm
TH = 34 ppm 16 to 34 ppm

& 34 to 64 ppm
® 64 to 98 ppm

Figure 4.6-5: Classed post map of arsenic distribution in the 2723 Kuruman Sheet.

Barium (Ba) distributions

Fig. 4.6-6 shows a few major anomalies of bariurthn Kuruman area. Anomalous A area
contain scattered barium values over the dolonmtesairface limestone of the Ghaap Group.
This anomalous area is mostly dominated by theoregithreshold values, with a highest

value of 1605 ppm.

Anomaly B has more clustered barium values as coegp@® area A but the anomalous area
covers only a few kilometers as compared to anomallyhis anomaly is associated with the

dolomite/limestone of the Ghaap Group.
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Figure 4.6-6: Distribution of barium concentration in the 2723 Kuruman Sheet.

Rubidium (Rb) Distribution

Rubidium shows regional background anomalies. Bottmalous area A and B in Fig. 4.6-7
cover fairly large areas with their concentrationaging between 102 ppm and 140 ppm
over Gordonia Formation. Anomalous area B, lyingtsmf anomalous area A, trends west-

east and reflects the position of the Clearwatemiation.
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Figure 4.6-7: Distribution of rubidium concentration in the 2723 Kuruman Sheet.

Scandium (Sc) Distribution

Fig. 4.6-8 shows poorly developed distribution eats of the scandium concentration over
calcrete in the Kuruman area (anomaly A). More dian values are scatted at the southern
part of the map or around Kuruman area with thédsg value up to 88 ppm. On anomaly B,
scadium anomaly is hosted by the Asbestos Hill dion where the lithologies include
banded jaspilite, banded iron formation, riebekit®cidolite, dolomite and limestone of the
Ghaap group. The poorly developed anomalies ordsremppear not well distributed
(dispersed distribution pattern) with the regioo@ahcentrations on the dolomite/limestone of
the Ghaap Group towards the south east of the map.
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Figure 4.6-8: Distribution of scandium concentration in the 2723 Kuruman Sheet.

Strontium (Sr) and Thorium (Th) Distribution

Figure 4.6-10 shows strontium and thorium. Bothrithm and strontium reflect the
granitophile associations of these elements in ahpi. The anomalies are characterized by
the strontium values up to 380 ppm and thorium®pPm which lie over the granitic rocks
of the Swazian age. South west of the anomaly Asttentium distribution is characterized
by the single point anomalies in which most of thare represented by the regional
threshold values. Strontium shows a poorly deveddpaly like trend on the north-western
part of the map which is characterized by the dsg values over the calcrete, calcified
padune and surface limestone with the maximum caraon of 508 ppm.

Fig. 4.5-10 (a) and (b), by comparing the strontmmd thorium concentration find that both
these elements are chalcophile. Thorium is moreeunated and clustered in the granitic
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rocks at the northern part while strontium is molestered towards the south where it forms
a V-shape. It can be clearly seen that the grarutiks of this area have various thorium and
strontium concentrations, as the strontium conedéiotr decreases northwards wile the

thorium increases and vice-versa with thorium iasneg northwards.

Distribution of other elements

The distribution of the following elements does mbiow any trend. Most of these are
represented by the values which are below the magithreshold concentration. These
elements include titanium, manganese, cobalt, leiatjum, yttrium, tungsten, uranium and
zinc.

Titanium and manganese show negative trends or armesmwhich are characterized by
concentrations below the regional threshold vabfeadnt%. Negative manganese anomalies

occur at the northern corner of the map extendirtpe map margin.

Cobalt shows two single point anomalies (Fig. 41-dver the iron formation, jaspilite and
crocidolite of the Danieslskuil Formation. Theirnoentration 730 ppm (upper anomalous)
and 767 ppm (lower anomalous) and other litholodiage the background concentration

values which range between 0 ppm and 80 ppm.

The lithologies on the western part of the map showonium concentration which does not
show any trend or an anomaly Fig. 4.6-12. Up toO®p#n of zirconium values are found
over the aeolian sand, surface sand, calcrete @odhde/limestone of the Ghaap Group with
clustered zirconium values are found west of the.mEhe iron formation, jaspilite and

crocidolite of the Asbestos Hill Group reflect thackground concentration which range
between 50 ppm to1300 ppm (Fig. 4.6-11).
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Figure 4.6-10: Distribution of strontium (a) and thorium (b) anomaliesin the 2723

K uruman Shest.
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Figure 4.6-11: Distribution of the cobalt distribution in the 2723 Kuruman Sheet.
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Figure 4.6-12: Distribution of zirconium concentration in the 2723 Kuruman Sheet.
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Zinc also shows a single point anomaly which hasaximum concentration of 731 ppm
over the calcrete, calcified padune and surfacedtone of Tertiary age (Fig. 4.6-17). This
single point anomaly at the same position as thaingle point anomaly of copper in Fig.
4.6-3. (b)

Yttrium is widely dispersed by the elevated valbesveen 36 ppm-40 ppm. The first poorly
developed anomaly is found over the aeolian sahd.yitrium is represented by the single
point’s anomalies which are more dispersed to e#dolr and are found over the surface sand
in the northwestern part of the map. In the cergaat of the map the single points anomalies
are widely dispersed to each other and few on thesdéound over the Asbestos Hill Group
which trend north-south. The points are a few kétens apart or are not connected to each

other and have elevated concentrations of 40 pgmdrs-13.
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' Kilometer -° 30 Legend
TH = 36 ppm ® 4 to 18 ppm

©® 18 to 36 ppm
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Figure 4.6-13: Distribution of yttrium concentration in the 2723 Kuruman Sheet.
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Up to 74 ppm of tungsten concentrations are foumdr che banded iron formation,

riebeckite-amphibolite, chert and crocidolite oé tkuruman Formation. Tungsten is mostly
represented by the regional threshold values wdwiemot clustered (Fig. 4.6-14).

Uranium does not show any trend and is also reptedeby the single point anomalies,
which are elevated at the values of 6 ppm in Fig:18.

The shales of the Clearwater Formation are chaiaete by the superjacent lead
concentration, which is predominated by the thré&skalues. Lead is widely distributed in
the Danielskuil and Kuruman Formation in the weasteart of the map, and does not show
any trend and any potential area Fig. 4.6-15.

The lithologies of the Kuruman area show poor niabconcentration Fig. 4.6-16. Niobium
does not show any values which represent an anosaoea, only few single point
anomalies which are represented by the regionashmid values are found over the surface

limestone.
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Figure 4.6-14: Distribution of tungsten concentration in the 2723 Kuruman Sheet.
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Figure 4.6-15: Distribution of lead concentration in the 2723 Kuruman Sheet.
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Figure 4.6-17: Distribution of zinc concentration in the 2723 Kuruman Sheet.
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4.7 DISTRIBUTION OF ELEMENTSON THE 2724 CHRISTIANA SHEET

471 Statistical analysis

A summary of the statistics on the 2724 Christi@haet data set (8505 samples) is presented
in Table 4.6-1, with the values for threshold val&hresh Values), minimum, maximum,
standard deviation (Std. Dev), mean, range, vagidurtosis and skewness. The mean plus
two standard deviation is displaced in the secarldnen to show the general background of
the complete data set across various lithologiogsuContouring intervals for the map were
based on a 95% confidence interval (mean + 2 (®t))00 show chemical variation in the
different lithological Units. In general the valuegh concentrations higher than the average
plus two times standard deviation (Threshold v3luesre considered anomalous. On a data
set containing different lithological units, anomas values were calculated separately for

each element.

4.7.2 Correlation of elements

Table 4.7-2 shows the correlation matrix of elerment2724 Christiana Sheets, where most
of elements are not well correlated to each otiner they had negative correlations. Some
elements are correlated to one other and they atrestrongly correlated. These elements
include; Fe-V, Fe-Cu, Nb-Zr (their correlation nratvas 90%), Fe-Co, Fe-Ni, Ni-Co, Ni-cu,
Cu-Co, Ti-Zr, Pb-Zn, V-Co, V-Ni, V-Cu and Ti-Nb, ¢t coefficient of correlations ranging
between 70-89%.
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Table4.7-1: Summary statistics on the complete data set for the 2724 Christina Sheet.

Element N Min Max Mean Median $t. Dev \{ar av Skew  Kurt Thresho Id

TiO, 8205 0.15 4.18 1.18 1.17 0.26 0.07 0.22 1.02 5.57 1.7
MnO 8205 0.02 6.53 0.28 0.16 0.31 0.09 1.09 3.84 33.78 0.9
Fe,04 8205 0.61 14.10 4.91 4.48 1.65 271 0.34 0.85 0.45 8
Sc 8204 1.00 49.00 14.48 14.00 3.52 12.39 0.24 0.81 3.62 22
V 8204 1.00]  321.00 69.35 62.00 32.63] 1064.64 0.47 0.88 1.27 135
Cr 8203 3.00] 959.00] 116.06] 107.00 55.85] 3119.27 0.48 4.03 35.23 228
Co 8203 2.00 41.00 14.02 12.00 6.00 35.95 0.43 1.30 1.38 26
Ni 8205 13.00]  386.00 46.81 38.00 24.07 579.47 0.51 24.07 10.91 95
Cu 8203 1.00]  157.00 32.31 27.00 16.40 269.00 0.51 1.47 2.37 65
Zn 8204 13.00]  969.00 53.25 50.00 30.72 943.97 0.58 14.22] 34031 115
As 6148 1.00 97.00 11.56 9.00 9.21 84.74 0.80 1.86 5.89 30
Rb 8204 13.00]  168.00 74.06 75.00 14.80 219.11 0.20 0.24 1.68 104
Sr 8203 22.00]  640.00] 101.39 69.00 79.92| 6387.14 0.79 2.52 7.09 261
Y 8203 5.00 54.00 24.53 25.00 3.86 14.88 0.16 -0.12 2.58 32
Zr 8205] 107.00] 3705.00] 897.69] 858.00] 322.27| 103860.64 0.36 0.99 2.63 1542
Nb 8203 6.00 38.00 20.79 21.00 2.67 7.15 0.13 0.43 1.83 26
Ba 8205 33.00] 1305.00f 382.97] 381.00 97.71]  9546.66 0.26 0.98 5.33 578
W 8197 1.00 44.00 8.35 8.00 1.78 3.15 0.21 1.63 26.65 12
Pb 6791 1.00]  231.00 6.40 5.00 8.56 73.22 1.34 10.16]  171.93 24
Th 8181 1.00 24.00 13.37 13.00 1.70 2.87 0.13 -0.68 4.94 17
U 56 1.00 8.00 1.96 1.00 1.64 2.69 0.83 2.19 4.68 5
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Table 4.7-2: Correlation matrix of the elementson the 2724 Christiana Shest.

TiO, MnO Fe,03 Sc Vv Cr Co Ni Cu Zn As Rb Sr Y Zr Nb Ba W Pb Th U
TiO, 1]
MnO -0.1] 1
Fe,05 0.11] -0.1§
Sc 0.13 o) 0.72 1
\Y 0.04 -0.14 0.9] 0.7] 1
Cr 0 -0.0§ 0.3 0.B 0.46 1
Co -0.04 -0.32 0.8 0.61 0.77 0.29 j!
Ni 0 -0.25 0.87, 0.6 0.78 0.41) 0.89 1
Cu -0.02 -0.1! 0.91 0.65 0.83 0.26 0.85 0.86 1
Zn -0.07] 0.1 0.0p 0.08 0.98 0.p3 0Jj02 005 Q.09 1
As -0.69 0.1 -0.2Y 0.0p -0.18 -0.06 -0{13 D.2 -0.16 03 1
Rb 0| 0.25 -0.1 -0.2B -0.23 0.08 -0.44 -0]29 0.3 -0.06 -9.03 1
Sr 0.02 -0.25 0. 0.44 .56 0.06 0469 0]68 q.65 .03 -p.18 0.54 1
Y 0.49 -0.04 0.3p 0.22 0.25 0.15 0J12 Q21 Q.23 -0.12 .43 0.49 0.02 il
Zr 0.81 0.03 -0.4 -0.2 -0.44 -0.17 -0.418 -043 -0151 -Q.12 0.5 .19 -0.3] 0.3 ]
Nb 0.79 -0.03 -0.3 -0.19 -0.36 -0.09 -0.412 -0436 -0{42 -0.26 -0.45 31p. -0.36 0. 0.9] 1
Ba 0.3 0.04 0.5p 0.39 0.56 0.26 0J45 046 0.42 .02 -0.4 0.06 5/0.3 0.51 0.0 0.0p L
W 0.2¢ 0.04 -0.1 -0.1p -0.08 0.09 -9.2 -0]13 -0.16 -0.13 -p.13 .14{0 -0.19 0.1 0.28 0.32 0.09 1
Pb -0.1] 0.25 -0.0! -0.07 -0.05 -0.J12 -0J08 -0.07 0.88 0.07] 0.09 -0.1 -0.18 -0.46 -0.p2 -0/04 -0114 1
Th 0.24 -0.1 -0.1p 0.11 -0.16 -0.p6 -0.1 -0113 -0.17 -0.32 P.06 -0.0 -0.0 0.28 0.29 0.48 -0.p6 0J08 -0135 1
U -0.14 -0.0 -0.0p 0.19 -0.04 -0.p8 0Jjo4 -001 -0.03 -0.02 5p.2 -0.15 0.14 -0.1f -0f1 -0.13 -0.p9 -0{17 0103 .12
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4.7.3 Statistical distributions

Titanium, yttrium, niobium, barium, tungsten andoribm show leptokurtic, normal
distributions with occasional outliers. Rubidium mormally distributed, with a slight
bimodal character. Chromium, scandium, nickel anccomium have asymmetrical,
positively skewed distribution where most of thgthiconcentrations are on the andesitic
lava of the Allanridge Formation and zirconium slksothe opposite way and has a high
concentration over the lithologies of the westeart pf the area.

Zinc and lead have similarly asymmetrical, posliivakewed distribution. These two
elements have high concentrations over the carbormatks of the Reivilo Formation, as
compared to the entire areas or lithologies. Ireanadium and cobalt show bimodal
positively skewed distributions. These elementsHagh concentrations over the lithologies
of the eastern part of the map where the maficy@erkdominated, in the western part of the
map they are fairly represented by a low concentrallranium shows any poor distribution
(Fig. 4.7-1).
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Figure 4.7-1: Histograms and box plot of the elements on the 2724 Christiana Sheet.
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4.74 GEOCHEMICAL DISTRIBUTION

Chromium (Cr) Distribution

Fig. 4.7-2 shows chromium distribution in the Chaisa area with anomaly A found over the
Dwyka Tilite on the northern part of the map, asgeeding southwards of anomaly A. The
chromium values are more clustered over the skétstone with interbanded dolomite of
the Boomplaas Formation.

Anomaly B is found over the diamictite, shale anadstone of Dwyka Group. The anomaly
is characterized by the widely clustered valuesidatad by the regional threshold values.
Anomaly C (far western side of the map) mainly estssof elevated values (between 228
ppm to 400 ppm) and is characterized by a clustdrgtdibution pattern extending west to

east and reflecting the mafic rocks of the Allagad-ormation.

Nickel (Ni) and Iron (Fe) Distribution

The tholeiitic, calc alkali basalt and andesiticdaf the Allanridge Formation show north -
south nickel and iron trends. Nickel is characetiby the regional threshold values of up to
370 ppm and iron 8-9wt% (Fig 4.6-3 and Fig. 4. &domaly A). On the eastern part of the
map, nickel and iron are clustered and widely digted. The anomalies cover a wide area,
moving toward south on the map where the concenmtaof both nickel and iron become

scattered and narrower.

The second nickel anomaly is found over the thidebasalt on the north-west of the map
(Anomaly B).
A few scattered concentration of iron with maximwalues of 14wt% (anomalous B) are

found over the andesitic lava of Vryburg Formation.
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Zinc (Zn) and Lead (Pb) Distribution

Zinc and Lead have elliptical anomalies over clpexd+ dolomite of Reivilo Formation (Fig.
4.7-5 and Fig. 4.7-6). The zinc anomalies have @mam value of 3442 ppm while lead has
a maximum value of 911 ppm. Both zinc and lead eslincrease as moving towrds to the
centre of the area A. These two elements are agsdcwith sphalerite and galena in the
dolomitic rocks. Both zinc and lead anomalies afiect the known Mississippi Valley Type

deposit.
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Figure 4.7-2: Classed post map of chromium anomaliesin the 2724 Christiana Sheet.
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Figure 4.7-6: Classed post map of lead anomaly in 2724 Christiana Sheet.
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Barium (Ba) distribution

Barium shows a north south trend A around the Hatdwarea (Fig. 4.7-7), the trend is
characterized by a clustered distribution and hasuamum concentration of 1306 ppm over
the light green tholeiitic, calc alkali basalt eamtlesite .and carbonate rocks with chert layers
conglomerate and tuffaceous sediments. The Barmrthis area is associated with the
carbonate rocks since it replaces the calcium basettheir chemical behavior. As moving
(north) of anomaly A, barium has scattered conegiotn dominated by the threshold values
over the andesitic lava of Allanridge Formation asflale, conglomerates of the
Kameeldoorns Formation.

Second barium anomaly B which shows a poorly dgezcelliptical shape and a scattered

distribution pattern is found over the calcretdgifi@d pandune and surface limestone.

Yttrium (Y) Distribution

The light green tholeiitic calc-alkali basalt anddasitic rocks of Rietgat Formation are
characterized by the north-south trend of the wttrisuperjacent anomaly (Fig. 4.7-8,
anomaly A). Up to 54 ppm of Yttrium values are fdusouth of the Hartswater area. Like
barium, south of the Hartswater area the yttriumcemtration become scattered and has

elevated values.

The anomaly B of yttrium is found almost in the t&nof the map, and it is mostly
represented by the threshold values which formuéarcscattered distribution over shale and
minor dolomite of the Clearwater Formation and ribéeded shale of the Monte Christo
Formation. About 20 km north of anomaly B, yttriusncharacterized by the elevated values
forming clustered pattern (anomaly C) over andetatra of the Vryburg Formation.

Far west of Anomaly C around the Zwartfontein areaharacterized by the regional

threshold and scattered distribution of yttrium cemtration.
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Figure 4.7-7: Classed post map of barium anomaliesin the 2724 Christiana Sheet.

Strontium (Sr) Distribution

Strontium is characterized by the north-south trever the tholeiitic basalt of the Allanridge
Formation (Fig. 4.7-9). Up to 645 ppm of strontietement is found in this anomaly. The
concentrations of strontium show a clustered thgtion pattern of the regional threshold
values over the Allanridge Formation. High Stromticoncentrations or values are found
over the light-coloured fine-medium fine granitelagneiss of the Swazian age.

167



a7 L 1 ] L 1 — L L B =7
a . . iy PR LR B L]
P e d
271 B 27
B L] M
L] ] D.l.:
e LR R B 8 L 272
H I
eriic s Ty 273
B
27 H ™ —Z7a
2T 75

A A
.27 . e
it
I.q:.
77 i o '.::i 270
II‘...
i

[ a—
o 10 - I ] Legend
ilometer # 0 to 16 ppm
Thea2 ppm 16 to 32 ppm
@ 32 to 405ppm
® 405 to 5407 ppm

Figure 4.7-8: Classed post map of yttrium anomaliesin the 2724 Christiana Sheet.

Copper (Cu) and Cobalt (Co) Distributions

Anomaly A of both copper and cobalt show the samad as Strontium, iron and nickel
distributions. In Fig. 4.7-10 and Fig. 4.7-11, botbpper and cobalt anomalies are
represented by the regional threshold concentratiwhere the copper anomaly is
predominately concentration between 65 ppm to X08.Cobalt has maximum values of up
to 160 ppm found over the tholeiitic basalt of All@lge Formations and granitic rocks of the

Swazian Age. Copper concentrations are very logs(tean 65 ppm). The andesitic lava of
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the Vryburg Formation is characterized by elongatleadpe and clustered values of copper
concentration (Fig. 4.7-10, anomaly B), up to maximvalues of 157 ppm of copper is
found over this Formation.

The cobalt major anomaly is mostly representechbybiackground concentration between
26-45 ppm.

d E % 53 Legend
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2681 to 361 ppm
& 361 to 500 ppm
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Figure 4.7-9: Classed post map of strontium distribution in the 2724 Christiana Sheet.
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Figure 4.7-10: Classed post map of copper anomaliesin the 2724 Christiana Sheet.
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Figure 4.7-11: Classed post map of cobalt anomaliesin the 2227 Christiana Sheet.

Zirconium (Zr) Distribution

Fig. 4.7-9 shows the distribution of zirconium centration on the 2724 Christiana Sheet,
with the major north to south trend (A), elongatedhape and covers a few kilometers with
clustered distribution patterns with maximum values 3705 ppm. Anomaly B is

characterized or mainly consists of the regionaéghold values which have a clustered

pattern. Anomaly C shows scattered distributiontgpas and is mostly dominated by
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theelevated values. All zirconium anomalies in thisa are found over the aeolian sand of

the Gordonia Formation.
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Figure 4.7-12: Classed post map of zirconium anomaliesin the 2724 Christiana Sheet.
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Shale and dolomite of the Clearwater Formation sheav rubidium anomalies (anomaly A
241

and B) in Fig. 4.7-13. Anomaly A shows north to tbotrend which is characterized by

clustered distribution of the Zr elevated valuebBisTanomaly is found over the shale and
dolomite of the Clearwater and Monte Christo Fororet. Anomaly B resembles the shape

of the lithologies in the area (east- west trent) has a scattered distribution pattern. Over
strontium and vanadium are characterized by hidhega rubidium has a negative anomaly

the tholeiitic basalt of Allanridge Formations ampganitic rocks, where iron, nickel,

Rubidium (Rb) Distribution
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Figure 4.7-13: Classed post map of rubidium anomaliesin the 2724 Christiana Sheet.



Vanadium (V) Distribution

Fig. 4.7-14 shows the geochemical distributionvafadium in the Christiana area. In the
western part of the map, over the surface sandl@darbonaceous rock of the Gordaonia
and Reivilo Formations vanadium is mainly charaeeel by lower concentration (two times

lower than the threshold values). Over the andeftta of Allanridge Formation (eastern

part of the map) vanadium is mainly predominateyy abthreshold values. It shows the

scattered distribution of the positive anomalie} @®er the diamictite of the Dwyka Group.

Distributions of other Elementsin Christiana

These elements include Manganese, thorium, scandmumbium tungsten titanium and
uranium. Manganese in this area is mostly charaetkrby a lower concentration (below
threshold value) and it only shows single pointraaties Fig. 4.6-15.

Uranium, titanium thorium, scandium and tungstevela background concentration over the
entire area. These elements do not show any tratidnwthe study area. Niobium show
background anomalies over the surface sand of thrddgia formation (Fig. 4.7-16, to Fig.
4.7-20).
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Figure 4.7-14: Classed post map of vanadium distribution in the 2724 Christiana Sheet.
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Figure 4.7-15: Classed post map of manganese distribution in the 2724 Christiana
Sheet.
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Figure 4.7-18: Classed post map of thorium distribution in the 2724 Christiana Sheet.
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Figure 4.7-20: Classed post map of tungsten distribution in the 2724 Christiana Sheet.
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CHAPTER FIVE
5 DISCUSSION AND TARGET GENERATION

5.1 DISCUSSION

The statistical analysis and geochemical elemesttiblition of a number of elements show
that various lithological units are characterizgdddferent concentration of these elements
Among the Mafikeng area has the strongest anomafieeromium and nickel compared to
the other areas (Vryburg, Christiana and Kurumalf)e major strong/well developed
(elliptical shape) anomalies for chromium and niagkehe Mafikeng area are located on the
Gordonia Formation which is believed that the seuscmafic rich rocks of the Lower Zone
chromitite of the Bushveld Complex (SACS, 1980) #mel north-south trend occurs over the
andesitic lava and pyroclastic rock of the Hekpdetmation (anomaly A and B in Figs.
4.4-2 and 4.4-3 in Chapter 4). Higher nickel andndum anomalies were confirmed with
the threshold of each lithological group associateth the identified anomalies for this
particular element, by applying the threshold vala&that litho groups on that areas.
Vanadium and iron in the same vicinity of the chinoam and nickel anomalies in the
Mafikeng area and show mainly concentrations aldbveshold. No other elements show
significant anomalies in this area. It is believkdt the anomalies (Fe, V, Cr (Critcal Zone),
Cu and Ni (Critical Zone) in Area A are associateith the Bushveld Complex, which is
believed to be overlain by the surface sand of@bedonia Formation (SACS, 1980; Collins
and Human, 1986; and Lourie, 2004).

The andesitic lava of the Allanridge Formation I&@cterized by a major trend of copper,
iron, nickel, niobium and vanadium. The Formatisrwidely distributed over the entire

study area but the area, which shows a major amuwalf the above outlined elements,
outlined above, occurs in residual soil overlaydesitic lava of the Allanridge Formation

which covers a large part of the Christiana area.
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Lava of the Allanridge Formation in Christiana atess a potential target for the nickel,
copper and cobalt which are associated with kotitabasalts at the base of the Allanridge

Formation.

The BIF of the Kuruman and Dunielskuil Formatiofish®e Kuruman area have a strong iron
anomaly occurring in areas of the major faultingaarThe area has background magnetic
anomalies of between -627 and 394 nT (refer to Eig-2, Chapter 3). The Fe anomaly in
Danielskuil Formation mostly shows high concentratof iron values along the fault areas
and is associated with higher magnetic anomaliedias been assumed that the higher
concentration of iron resulted from the haematité aagnetite within the underlying BIF in

the Transvaal Supergroup.

Iron also shows strong geochemical anomalies ABmd Fig. 4.4-8 which are parallel to

each other over the lithologies of the Magaliesdesgmation (anomaly B) and Rooihoogte
Formation (anomaly A). Chromium, nickel and vanadialso show strong anomalies in
these area significant magnetic and bouguer anemalie also present. The distribution of
all these elements has the same trend direction sdnaghe as the Magaliesberg and
Rooihoogte Formations. The iron anomalies are Wedi¢o be resulted from the ferruginous
quartzite and BIF of the Rooihoogte Formation. Higlhkel and chromium content are

associated with the lavas of the Hekpoort Formatibis believed that the iron, chromium

and Ni anomalies in this area is associated wehxgmoliths of the Bushveld complex which
comprises recrystallized iron ere and hornfela large xenoliths of quartzite situated on the
contact between the basic and the acidic phadeed@omplex. This type of target is found in

the form of speculate which occurs in the Silverfi@nmation

In Christiana and Vryburg area iron anomalies oaxar the andesitic lava of the Allanridge
Formation and the anomalies are mainly represdmtéde regional threshold values. Known
iron mineralization (Kaaipan Group and Park Townrrkation of the Hospital Hill

Subgroup) are represented by single point anomalies
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The geochemical data does not show any high masgaaeomalies within the selected
study areas. Only on the Mafikeng area manganesgredominately by the regional
threshold concentrations which form an elongatedhrsouth trend over the dolomitic rock
of the Malmani Subgroup. This tresnd were plotedanfithe the mapsheet, but when the date
filted based on the lithoplogical groups it showopmanganese distribution. The manganese
anomaly in Mafikeng area is from the soil whichulesd from the weathering of the MN-
rich dolomites and the subsequent accumulatioegifiual Mn-rich zone. The manganese in
this area occurs as Ma@inerals nsutite, pyrolusite and psilomelane whach found over
the Chuniespoort Group of the Transvaal Superg(dsprup and Tsikos, 2006). In Kuruman
area it is believed that the geochemical anomaliesanganese would not be visible due to
thick Kalahari sand.

The calcrete of Tertiary age in the Kuruman area@haracterized by north south trend
anomalies (A) of vanadium and copper Fig. 4.6-3e Hmomaly is mainly consists of
regional threshold concentrations. In the Mafikeanga vanadium has two parallel north
south trends which have the same shape and aredoager the lower volcanic units of the
Hekpoort and Magaliesburg Formations.

The geochemical anomalies of zinc and lead in @Gana Area (Fig. 4.7-5 and Fig. 4.7-6
reflect the Pering Zn-Pb mineralization which iscalar in shape, where the inner part of the
anomalies has a gap as no sample collected fromidwedoned open cast mine). The deposit
was mined from 1984 to the end of November, 200Reklization is centered on several
sub-vertical breccia bodies that appear to mergeéepth to one single body of only very
poorly mineralized pyritic rock matrix breccias. $ametal sulphides, mostly sphalerite and
galena, associated with only minor amounts of pyaihd chalcopyrite, are most abundant
along the margin and roof zones of the brecciadmdut also define stratabound zones of
mineralization. Mineralization is associated withemical wear brecciation and crackle
brecciation (Wheatley et al., 1986).

Zinc and lead in the dolomitic rock are hosted hjega and sphalerite which predominate

over galena.
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In the Mafikeng Area, zinc and lead are represeitgdveakly developed geochemical

anomalies over the carbonate rock of Eccles foonaind Frisco formation (anomaly B and
C, Fig. 4.5-6). These anomalies result from a \Jarge stratabound zone of fluorite with

only minor Zn-Pb sulfides and small base metal nailised zones that are confined to
crosscutting breccia bodies. Both deposit types lamsted by Neoarchaean, weakly
metamorphosed and virtually undeformed stromatoditirbonates of the Middle and Upper
Frisco formations (2520 Ma) of the Malmani Subgrafpghe Transvaal Supergroup. The
fact that both, carbonaceous host rock and hydnothlemineralization, have experienced a
mild contact metamorphic overprint due to the iskoa of the Paleoproterozoic (2065 Ma)
Bushveld Complex, is conclusive evidence for a ®aleterozoic age of these deposits
(Potter, 2001). Carbonate host rock fragments ameeated by a very coarse-grained and
massive assemblage of sparitic calcite or dolonikggrite and variable amounts of

sphalerite and galena, together with minor pyribalcopyrite and quartz. Among the

sulfides, sphalerite usually dominates over galena.

Kanye Formation and leucogranite of the Gabroneni@rahave positive geochemical
anomalies of niobium, rubidium, yttrium, and uraniuAll these elements are characterized
by background concentrations and anomalies appdae positively correlated with a strong
magnetic anomaly of approximately 394 nT (Fig. 3)3k is believed that the anomalies are

related to the granitic rocks exposed at diffeernsion levels.

Yttrium also has a strong anomaly over the ligheegr theolitic calc-alkali basalt of the
Rietgat Formation in Christian region (Fig. 4.7-8xanium, niobium and rubidium show

negative or background anomalies on other lithaBigyroups.

Barium and manganese show the north south trendgeak anomalies over the chert-rich
dolomite of the Malmani Subgroup in Mafikeng Ar&arium has a north south trend over
the light green theolitic calc-alkali basalt of tRéetgat Formation in the same vicinity as
yttrium in Christiana region see Fig. 4.7-7.

185



Other lithological units have lower concentratiarfsuranium, thorium and tungsten. All
these elements are mostly characterized by backdroancentrations (below the threshold
values) over the entire study area. The surfacd aad the carbonaceous rocks especially in

the Christiana area have local threshold concemtiiof zirconium.
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5.2 DELINEATED TARGETED AREASFOR POSSIBLE MINERALIZATION

The identified areas of target areas for followinmexploration were based on the following
principle:
 The magnitude of the contrast between anomalous bactground geochemical
values;
» Shape and size or extent and of the area on anamaddues
» Geological, and other anomalies (geophysical) ali a® historical information
pertaining to the area;
* Mines and deposit occurances; and

» Integrated of all relevant information including@amagnetic and geological maps
Based on the above approach the following areaS)#ere delineated (Fig 5.2-1).

Area A

The area, located approximately 120 km north of tinen of Mafikeng is found over
outcropping Transvaal rocks and aeolian sand of@Gbedonia Formation (Fig 5.2-2). The
area is elliptical in shape and approximately 2 Wide and 4-9 km in lateral extent and
characterized by significant chromium and nickebraalies and regional local threshold
concentrations of copper and vanadium. Other do¢gyive rise to significant anomalies
more details of this target are described in sacti@.

The high levels of chromium and nickel in this atleaught to be associated with chromitite
of Critical Zone and marginal rocks, respectivety, the Bushveld Complex, which is
overlain by the thick surface sands of the Gorddfaamation. Although PGM’s were not
analyzed, there is a close relationship between BGd chromium. The area is therefore
also a target for PGM'’s although it is very limitdde to lack of PGE’s analysis.
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AreaB

Area B is located 3 km south of target A, aboukdbtnorth-west of Zeerust. The area covers
approximately 25 km in length and has two parafielth-south trending geochemical
anomalies. These anomalies consist of the supetjeam@omalies of chromium, nickel,
vanadium, copper and iron lying on the Magalieskeng Rooihoogte Formations of the
Transavaal Supergroup (Fig.5.2-3). It is believieat the iron, chromium and Ni anomalies
in this area is associated with the xenoliths & Bushveld complex which comprises
recrystallized iron ere and hornfels in a largeotiths of quartzite situated on the contact
between the basic and the acidic phase of the Gomphis area has a potential target for
iron which could be in the form of speculate whadturs in the Silverton Formation. The
previous studies outlined that the Clinton type iove deposits of the Pretoria Group has an
extensive oolitic or pisolitic beds (2-6 m thickj beamatite-maganetite-chamosite iron
formation which can be traced intermittently fromrtih of the Nietverdied Section of the
Bushveld Complex to the Botswana border (Astetipl, 2006 ).The presence of the nickel,
vanadium chromium and iron in this area fall inb@ ttontact metamorphic aureole of the
Bushveld Complex where the oolitic iron formati@andompletely recrystallised to a black
lustrous rock essentially composed of speculanii@gnetite, muscovite and roscoelite. Rare
contact-metamorphic vanadium mica, counting for va@adium anomalies in this area.
Therefore this area has a pontential for iron aaadium mineralization. Section 4.3 can be

referred to for more details on the geochemicdtibistion of elements in this area.

AreaC

This target area is located approximately 25 knthveest of Mafikeng and is triangular in
shape. It is approximately 19 km from west to east reflects the geology or lithologies of
the Kanye Formation and Gaborone Granite (Fig.49.2The area is characterized by
significant anomalies of niobium, rubidium, uranitand yttrium, which coincide with an
east-west trending, positive magnetic anomaly otiad 394-1420 nT of magnetic anomaly.
The geochemical anomalies are associated with atealino Ring Complex. The complex is
dominated by orogenic felsic intrusive and extresrocks (Fig3.3-2), that have low
concentration of CaO, MgO, ADs, Sr, P and Ti and are characterized by high cdnaons

of Rb, Zr, Nb, Y, Zn and Ga (Robb et al, 2006).sTarea has also a low potential target of
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Rare Earth Elements pegmatite such as lithiumniohium as well as beryllium (Richards,
1986). More details on the distribution of elemantthis area are given in section 4.3.

Area D

The target area is located 33 km north of Christiand covers a large area (approximately
40-50 km north-south and 9 km east-west), over ahdesitic lavas of the Allanridge
Formation (Fig. 5.2-5). This area is characterizeg high magnetic intensity and
geochemical anomalies above threshold of nickgbpeq iron, strontium and cobalt. It is
assumed that the geochemical anomalies have rédulten the sulfides within komatiitic
lava flows at the base of the Allanridge Formatairthe Ventersdorp Supergroup, which
may have been concentrated in lava channels byefbtimermal erosion of the substrata by
the komatiitic flow. The area constitutes a potntiarget for nickel, iron, copper and PGE
mineralization. Examples of this type of mineratiza include the Damba Sulphide Nickel
Deposit in Zimbabwe (Killick, 1986) and KambaldaWestern Australia (Naldrett, 2004).
More details of the distribution of the elementsndérest are given in section 4.6.

Area E

This target area trends north to south, over atgt of approximately 15 km (Fig. 5.2-6).
This area lies a few kilometers south of targetFg).(5.2-1) in the Christiana region. The
area characterized by barium and yttrium anomadieish could indicate potential of barite
occurrence in the area. Details in the geochendsatibution of the elements is given in
Section 4.6

AreaF and G

These two target areas lie approximately 6-20 kratvoé Kuruman (Fig. 5.2-1). Area F is
defined by high iron geochemical anomalies and raagmetic anomalies resulting from
haematite in the BIF of the Asbestos Hill Subgrofithe Transvaal Supergroup.

Area G is located approximately 20 km northwesKofuman and is defined by north-south
trending (about 15 km) geochemical anomalies ofadarm and copper over calcrete of
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Tertiary age (Fig. 5.2-7). The area might be uséfulexploration for calcrete-hosted or
surficial deposits of copper and vanadium coulavhaeranted.

The presence of vanadium might be associated wigh gotassium-uranium vanadate
minerals such as carnotite, that is mostly foundcaicrete deposits, where the main
composition of this carnotite uranium, potassiurd sanadium which are derived from the
granites (U and K) and possible mafic rocks. No ¢#lcrete-hosted deposits of uranium are
known in this area. Uranium is characterized bykgemund values below the threshold
concentration (i.e. of calcrete hosted uranium digpoincludes Yeelirrie in Western

Australia and Langer Heinrich in Namibia (Robb, 2)0 More details of the distribution of

elements are given in section 4.5.
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Delineated terget areas and known mineralization wi  thin the selected study area
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Figure 5.2-1: Delineated target areasfor possible mineralization and known mineralization within the area surveyed.
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Area A target generation map
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Figure 5.2-2: Integration of the geochemical, geology and geophysical interpretations for delineated target area A.
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Area B target generation map
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Figure 5.2-3: Integration of the geochemical, geology and geophysical interpretations for delineated target area B.
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Figure 5.2-4: Integration of the geochemical, geology and geophysical interpretations for delineated target area C.
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Figure 5.2-5: Integration of the geochemical, geology and geophysical interpretations for delineated target area D.
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Figure 5.2-6: Integration of the geochemical, geology and geophysical interpretationsfor delineated target area E.
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CHAPTER SIX

6 CONCLUSIONSAND RECOMENDATIONS

6.1 CONCLUSIONS

6.1.1 Overall conclusions

The integrated study of soil geochemical datagctdld by the CGS, together with geologic
and geophysical data, has provided a good basishéomdelineation of target areas for
following up exploration. Several target areas Hasen generated using this approach.

In the Mafikeng area the study has outlined a gatearea for PGM, chromium and nickel
mineralization thought to be associated with thel®&eld Complex. The area extends west
towards the Botswana border. The basal komatatied of the Allanridge Formation of the
Ventersdorp Supergroupcould have potential for elickopper and cobalt, of which a
target area has been delineated. The granitic rotkke Gaborone Granitic and Kanye
Formation could have potential target for uraniund @lso possible target for feldspar,
mica and beryl. It was evidenced from the calcodten Kuruman. A potential target for
calcrete-hosted deposit of copper, vanadium andlgads well as uranium in the calcrete
of the Kuruman area. The BIF of the Asbestos Hib&oup of the Transvaal Supergroup

has a potential for iron (possibly Manganese) nalisation.

The integrated approach developed of this studybmrextended to other areas where
geochemical and geophysical data, produced by then€il for Geoscience available. No
field work has been undertaken to verify the vasitargets delineated and further work is
required to refine targets and commenced with eapiton programmes.
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This project has provided a good opportunity fa teésearcher to be trained in the skills of
conducting geochemical sampling and analysis, datacessing, interpretation and
integration using geology, geophysics and geoclieynis

6.1.2 Target areas

Area A. The area located approximately 120 km natithe town of Mafikeng and
characterized by significant chromium and nickebraalies and regional local threshold
concentrations of copper and vanadium. The ardhesefore also a target for PGM’s
although it is very limited due to lack of PGE'sadysis.

Area B. Area B is located 3 km south of target Bouat 16 km north-west of Zeerust and
consist of the superjacent anomalies of chromiuokeh vanadium, copper and iron lying
on the Magaliesberg and Rooihoogte Formations effitansvaal Supergroup. This area

has a low potential for iron and vanadium deposits.

Area C. This target area is located approximaté&lykéh northwest of Mafikeng and is
triangular in shape. This area has also a low pialetarget of Rare Earth Elements

pegmatite such as lithium, tin, niobium as welbasyllium.

Area D. This area is characterized by high magnetensity and geochemical anomalies
above threshold of nickel, copper, iron, strontiamd cobalt. The area constitutes a
potential target for nickel, iron, copper and PGiBeralization.

Area E. This area lies a few kilometers south ofjga D (Fig. 5.2-1) in the Christiana
region. The area characterized by barium and wttranomalies which could indicate
potential of barite occurrence in the area.

Area F and G. These two target areas lie approeim&:-20 km west of Kuruman. The

area might be useful for exploration for calcretested or surficial deposits of copper and

vanadium could be warranted.
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6.1.3 Problems highlight

The use of lithological groups threshold valueseveot very successful in this study,

therefore the geological map sheet threshold valeze used. The difficulties of using the

litho group’s threshold values arise when: 1. sdithe groups were characterized by small
data set with mostly extreme higher vales outhengh over estimate the threshold values;
2. Lack of spatial continuity, shape and size efittentified anomalies; 3. the visualization
of the geochemical presentation results (maps).eSlitimo groups coves the lager areas
which result in poor presentation of the geocheharemalies as compared to the map
sheet results.

The delineated targets areas are still large aachéed to do infill sampling and analysis
which involves field insight.

6.2 RECOMENDATIONS

The sampling density of 1 Knfor geochemical sampling has proved to be effector
delineating a number of areas of potential intefestfurther exploration near-surface or
buried deposits. The following strategies are revemded in order to verify and
qguantifying whether the target areas could be ingmifor future exploration.

6.2.1 Revigting delineated areas

Field checking of the delineated areas with a vieveonfirming the cause of the various
anomalies and ascertaining whether any evidenc®déat enhancement or suppression of

values emits, is recommended.
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6.2.2 Reducing/minimizing the sampling density and infilling sampling

The sampling density of 1 Knper sample should be reduced to 500 m in spegifiget
areas. This sampling scale should cover the nopleanareas at a scale of 1 sample per
square kilometer. This sampling density will alsmjide detailed information on the
geochemical data of the identified anomalies. HBmsuld be only applied or done to the

targeted areas as it will reduce the time, costl@nolur involved.

6.2.3 Sampling depth

The initial sampling was based on sampling only sheface/top soil, and no study has
been done to confirm where the anomalies origin&t@a. It is recommend that the soill
samples should be collected at a depth of 30 cm ¢ more below the surface (in case
where the overburden is more thicker i.e. surface ©f the Gordonia Formation in target
area A). This will provide information on whethdretanomalies are derived from in situ

weathered rock or transported materials.

6.2.4 Chip sampling/ rock samples

The sampling of certain outcropping lithologiesh@i-geochemistry) in the delineated
target areas will provide more detailed informatitho-geochemistry on the bedrock

cause of the geochemical anomalies in soil or atfmaterial.

6.2.5 Boreholedata

Borehole data should be laid out in future so thatill provide the detailed stratigraphy
and the kind and extent of the mineralization. Thigl help in future exploration

campaigns.
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6.2.6 Moreapplicationsfor environmental assessment

6.2.7 Moreapplicationsfor agricukltural production assessments
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APPENDICES

APPENDIX 1: SUMMARY STATISTICSOF THE LITHOLOGICAL
GROUPS

Table A- 1: Summary statistics of the Amphibolites Basement raw data set.

Element N Min Max Mean Median $t. Dev Mar av Skew  Kurt Thresho Id

TiO, 793 0.48 1.38 0.93 0.93 0.14 0.02 0.16 -0.10 -0.01 1.2
MnO 793 0.02 0.21 0.08 0.07 0.03 0.00 0.38 0.75 0.92 0.1
Fe,0O, 793 1.34 9.48 4.23 4.09 1.33 1.78 0.32 0.39 -0.26 7
Sc 793 3.00 25.00 11.97 12.00 3.44 11.86 0.29 0.09 -0.32 19
V 793 18.00]  184.00 66.32 63.00 23.66] 559.57 0.36 0.73 1.06 114
Cr 792 19.00]  630.00] 109.45] 101.00 57.16] 3267.04 0.52 3.26 19.52 224
Co 792 8.00 33.00 15.50 15.00 4.25 18.08 0.27 0.78 0.59 24
Ni 792 14.00[  250.00 48.27 45.00 22.73|  516.48 0.47 22.73 11.74 94
Cu 793 10.00 72.00 27.05 25.00 9.73 94.64 0.36 1.03 1.58 47
Zn 793 20.00]  139.00 43.80 42.00 13.60]  184.99 0.31 1.24 4.62 71
As 788 1.00]  164.00 13.67 12.00 9.86 97.14 0.72 8.43]  110.79 33
Rb 793 43.00]  150.00 84.75 84.00 16.66]  277.50 0.20 0.44 0.60 118
Sr 793 26.00]  360.00 78.90 70.00 34.31] 1177.14 0.43 2.53 11.66 148
Y 793 3.00]  102.00 25.22 25.00 5.16 26.64 0.20 4.11 61.93 36
Zr 792]  236.00] 1892.00] 830.43] 823.00] 212.48] 45147.39 0.26 0.42 1.29 1255
Nb 792 1.00 29.00 19.44 20.00 1.89 3.56 0.10 -1.67 13.17 23
Ba 793[ 102.00] 1134.00] 370.50]  369.00 93.80] 8797.73 0.25 1.56 9.10 558
W 793 2.00 16.00 9.79 10.00 2.41 5.79 0.25 0.10 -0.45 15
Pb 679 1.00 31.00 6.56 6.00 3.81 14.52 0.58 1.30 3.97 14
Th 790 3.00 26.00 14.72 15.00 2.16 4.66 0.15 -0.35 5.57 19
U 189 1.00 5.00 1.89 2.00 0.95 0.90 0.50 0.83 0.07 4

Table A- 2: Table Summary statistics of the Amphibolites Basement log-transfor med data set.

Element N Min Max Mean Median $t. Dev Var av Skew  Kurt Lag Thr _eshold

TiO, 793 -0.73 0.32 -0.09 -0.07 0.16 0.03 -1.83 -0.63 0.83 1.3
MnO 793 -3.91 -1.56 -2.66 -2.66 0.39 0.15 -0.15 -0.28 -0.15 0.2
Fe,0;3 793 0.29 2.25 1.39 1.41 0.33 0.11 0.24 -0.34 -0.29 8
Sc 793 1.10 3.22 2.44 2.48 0.32 0.10 0.13 -0.75 0.73 23
v 793 2.89 5.21 4.13 4.14 0.37 0.13 0.09 -0.31 -0.05 138
Cr 792 2.94 6.45 4.59 4.62 0.44 0.19 0.10 0.14 1.41 262
Co 792 2.08 3.50 2.70 271 0.27 0.07 0.10 0.10 -0.39 26
Ni 792 2.64 5.52 3.78 3.81 0.43 0.18 0.11 0.09 0.13 114
Cu 793 2.30 4.28 3.24 3.22 0.35 0.12 0.11 0.06 -0.31 54
Zn 793 3.00 4.93 3.73 3.74 0.30 0.09 0.08 0.08 -0.14 80
As 788 0.00 5.10 2.48 2.48 0.53 0.29 0.22 -0.74 4.68 40
Rb 793 3.76 5.01 4.42 4.43 0.20 0.04 0.04 -0.22 0.26 126
Sr 793 3.26 5.89 4.30 4.25 0.36 0.13 0.08 0.69 0.90 162
Y 793 1.10 4.62 3.21 3.22 0.21 0.04 0.06 -2.10 24.06 38
zr 793 5.46 7.55 6.69 6.71 0.27 0.07 0.04 -0.76 1.89 1433
Nb 792 0.00 3.37 2.96 3.00 0.14 0.02 0.05| -11.77| 23645 26
Ba 793 4.62 7.03 5.88 5.91 0.25 0.06 0.04 -0.37 2.66 610
w 793 0.69 2.77 2.25 2.30 0.26 0.07 0.12 -0.66 1.14 17
Pb 679 0.00 3.43 1.69 1.79 0.67 0.45 0.39 -0.79 0.52 26
Th 790 1.10 3.26 2.68 271 0.17 0.03 0.06 -3.32 25.92 21
U 189 0.00 1.61 0.52 0.69 0.49 0.24 0.95 0.22 -1.37 5
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Table A- 3: Summary statistics of the Kraaipan Group raw data set.

Element N Min Max Mean Median $t. Dev Mar qv Skew  Kurt Thresho Id
TiO, 51 0.79 173 1.05 0.99 0.21 0.04 0.20 1.75 3.28 15
MnO 51 0.04 0.15 0.09 0.08 0.03 0.00 0.35 0.42 -0.66 0.1
Fe,O, 51 2.25 16.50 6.21 5.64 3.06 9.35 0.49 150 250 12
Sc 51 7.00 28.00 15.25 14.00 5.16 26.63 0.34 0.69 -0.33 26
V 51 36.00]  207.00 89.80 84.00 39.53] 1562.68 0.44 0.91 0.56 169
Cr 51 19.00] 814.00] 201.48] 157.50]  165.88] 27515.97 0.82 2.17 5.11 533
Co 51 2.00 32.00 17.14 17.00 6.00 36.00 0.35 0.39 0.57 29
Ni 51 20.00]  278.00 72.78 59.00 51.86] 2688.97 0.71 51.86 5.59 176
Cu 51 11.00]  160.00 38.90 35.00 24.25|  587.85 0.62 2.85 11.84 87
Zn 51 7.00 78.00 44.84 43.00 12.61]  159.13 0.28 0.15 1.40 70
As 44 1.00 46.00 11.34 10.50 7.54 56.83 0.66 2.33 9.47 26
Rb 51 41.00]  108.00 62.75 61.00 14.23|  202.55 0.23 0.71 0.90 91
Sr 51 32.00]  213.00 72.76 56.00 39.41| 1552.82 0.54 2.30 5.67 152
Y 51 13.00 34.00 22.39 22.00 4.19 17.56 0.19 0.37 0.28 31
Zr 51| 336.00] 1524.00] 777.45] 772.00] 228.37| 52152.81 0.29 0.74 1.20 1234
Nb 51 13.00 22.00 18.10 19.00 2.28 5.21 0.13 -0.69 0.23 23
Ba 51| 170.00] 567.00] 337.67|  325.00 72.54] 5261.87 0.21 0.77 1.67 483
W 51 6.00 18.00 12.75 13.00 3.02 9.11 0.24 -0.24 -0.49 19
Pb 19 1.00 11.00 3.21 2.00 2.72 7.40 0.85 1.90 3.46 9
Th 51 2.00 16.00 11.37 12.00 2.76 7.60 0.24 -1.00 1.63 17
U 2 1.00 1.00 1.00 1.00 0.00 0.00 0.00 0.00 0.00 0
Table A- 4: Summary statistics of the Kraaipan Group Log transfor med data set.

Element N Min Max Mean Median $t. Dev \jar av Skew  Kurt Lag Thr _eshold
TiO, 51 -0.24 0.55 0.03 -0.01 0.18 0.03 5.91 1.24 1.55 15
MnO 51 -3.22 -1.90 -2.50 -2.53 0.36 0.13 -0.14 -0.20 -0.72 0.2
Fe,03 51 0.81 2.80 1.73 173 0.44 0.20 0.26 0.37 -0.18 15
Sc 51 1.95 3.33 2.67 2.64 0.33 0.11 0.12 0.07 -0.61 30
V 51 3.58 5.33 4.41 4.43 0.43 0.19 0.10 0.08 -0.82 214
Cr 50 2.94 6.70 5.05 5.06 0.72 0.51 0.14 0.01 0.79 847
Co 51 0.69 3.47 2.77 2.83 0.44 0.19 0.16 -2.10 9.24 42
Ni 51 3.00 5.63 4.11 4.08 0.56 0.32 0.14 0.64 0.68 220
Cu 51 2.40 5.08 3.53 3.56 0.50 0.25 0.14 0.49 0.82 105
Zn 51 1.95 4.36 3.75 3.76 0.36 0.13 0.10 -2.56 12.49 93
As 44 0.00 3.83 2.22 2.35 0.71 0.51 0.32 -0.93 1.68 49
Rb 51 3.71 4.68 4.11 4.11 0.22 0.05 0.05 0.09 -0.29 98
Sr 51 3.47 5.36 4.19 4.03 0.42 0.18 0.10 1.11 1.13 167
Y 51 2.56 3.53 3.09 3.09 0.19 0.04 0.06 -0.21 0.30 33
Zr 51 5.82 7.33 6.61 6.65 0.30 0.09 0.04 -0.26 0.43 1410
Nb 51 2.56 3.09 2.89 2.94 0.13 0.02 0.05 -1.02 0.73 24
Ba 51 5.14 6.34 5.80 5.78 0.21 0.05 0.04 -0.22 1.58 519
W 51 1.79 2.89 2.51 2.56 0.26 0.07 0.10 -0.82 0.34 21
Pb 19 0.00 2.40 0.90 0.69 0.73 0.53 0.81 0.44 -0.36 14
Th 51 0.69 2.77 2.39 2.48 0.34 0.11 0.14 -2.89 12.26 23
U 2

Table A- 5: Summary statistics of the Kanye For mation raw data set.

Element N Min Max Mean Median $t. Dev \{ar aqv Skew  Kurt Thresho Id

TiO, 96 0.60 1.08 0.83 0.82 0.09 0.01 0.11 0.37 0.26 1.01
MnO 96 0.04 0.19 0.08 0.07 0.02 0.00 0.31 1.72 5.65 0.12
Fe,O; 96 2.13 6.44 3.62 3.50 0.83 0.69 0.23 1.29 2.15 5

Sc 96 4.00 16.00 7.93 8.00 2.39 5.73 0.30 1.31 2.43 13

V 96 10.00 74.00 34.66 32.00 13.14|  172.75 0.38 0.75 0.26 61

Cr 96 50.00]  144.00 80.29 79.00 17.70|  313.45 0.22 0.94 1.74 116

Co 96 7.00 16.00 10.03 10.00 1.88 3.53 0.19 1.05 1.24 14

Ni 96 18.00 58.00 30.38 30.00 7.65 58.49 0.25 7.65 2.53 46

Cu 96 15.00 43.00 21.84 21.00 5.23 27.35 0.24 1.80 3.95 32

Zn 96 30.00]  117.00 48.66 46.00 14.09]  198.56 0.29 2.67 9.83 77

As 95 1.00 44.00 13.22 12.00 6.57 43.20 0.50 1.66 5.32 26

Rb 96 79.00] 157.00] 121.18] 120.50 15.93| 253.77 0.13 -0.36 -0.07 153

Sr 96 25.00 86.00 34.19 32.00 7.03 49.48 0.21 4.48 30.62 48

Y 96 32.00 69.00 47.88 46.50 7.71 59.39 0.16 0.39 -0.04 63

Zr 96| 503.00] 1116.00] 826.93] 828.50]  105.30| 11088.64 0.13 -0.23 0.57 1038

Nb 96 20.00 32.00 25.39 25.50 2.30 5.29 0.09 0.44 0.53 30

Ba 96| 212.00] 611.00] 342.71] 333.50 70.77] 5008.63 0.21 1.13 1.94 484

W 96 6.00 11.00 8.72 9.00 0.79 0.63 0.09 -0.89 2.53 10

Pb 60 1.00 10.00 3.73 3.00 2.36 5.59 0.63 0.86 -0.24 8

Th 96 10.00 20.00 16.66 17.00 1.70 2.88 0.10 -1.18 2.64 20

U 77 1.00 5.00 2.26 2.00 1.15 1.33 0.51 0.69 -0.24 5
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Table A- 6: Summary statistics of the Kanye Formation log-transfor med data set.

Element N Min Max Mean Median $t. Dev \ar qv Skew  Kurt Lqgg Thr _eshold
TiO, 96 -0.51 0.08 -0.19 -0.20 0.11 0.01 -0.56 0.03 0.22 1.0
MnO 96 -3.22 -1.66 -2.62 -2.66 0.29 0.08 -0.11 0.30 0.94 0.1
Fe,0; 96 0.76 1.86 1.26 1.25 0.21 0.05 0.17 0.52 0.77 6
Sc 96 1.39 2.77 2.03 2.08 0.28 0.08 0.14 0.24 0.67 14
vV 96 2.30 4.30 3.47 3.47 0.39 0.15 0.11 -0.29 0.26 75
Cr 96 3.91 4.97 4.36 4.37 0.21 0.05 0.05 0.22 0.09 123
Co 96 1.95 2.77 2.29 2.30 0.18 0.03 0.08 0.49 0.40 14
Ni 96 2.89 4.06 3.39 3.40 0.23 0.05 0.07 0.57 0.59 48
Cu 96 2.71 3.76 3.06 3.04 0.21 0.04 0.07 1.07 1.38 33
Zn 96 3.40 4.76 3.85 3.83 0.24 0.06 0.06 1.33 3.30 78
As 95 0.00 3.78 2.46 2.48 0.55 0.30 0.22 -1.37 4.98 41
Rb 96 4.37 5.06 4.79 4.79 0.14 0.02 0.03 -0.74 0.51 160
Sr 96 3.22 4.45 3.52 3.47 0.16 0.03 0.05 2.29 10.80 47
Y 96 3.47 4.23 3.86 3.84 0.16 0.03 0.04 -0.02 -0.24 66
Zr 96 6.22 7.02 6.71 6.72 0.13 0.02 0.02 -0.74 1.34 1078
Nb 96 3.00 3.47 3.23 3.24 0.09 0.01 0.03 0.13 0.30 30
Ba 96 5.36 6.42 5.82 5.81 0.20 0.04 0.03 0.45 0.49 507
W 96 1.79 2.40 2.16 2.20 0.10 0.01 0.04 -1.41 3.82 11
Pb 60 0.00 2.30 1.11 1.10 0.67 0.44 0.60 -0.14 -0.83 14
Th 96 2.30 3.00 2.81 2.83 0.11 0.01 0.04 -1.77 521 21
U 77 0.00 1.61 0.68 0.69 0.53 0.28 0.77 -0.06 -1.22 7
Table A- 7: Summary statistics of the Gabor one Graniteraw data set.

Element N Min Max Mean Median $t. Dev Var qv Skew  Kurt Thresho Id

TiO, 81 0.59 1.28 0.85 0.83 0.12 0.02 0.14 0.85 1.01 1.1
MnO 81 0.04 0.18 0.08 0.08 0.03 0.00 0.31 1.21 2.55 0.1
Fe,0; 81 1.28 7.45 3.73 3.49 1.11 1.24 0.30 1.20 1.99 6

Sc 81 3.00 20.00 8.49 8.00 2.95 8.73 0.35 1.35 3.03 14

v 81 16.00]  107.00 41.77 36.00 17.04]  290.26 0.41 1.47 2.39 76

Cr 81 45.00]  469.00 89.73 84.00 47.06] 2215.05 0.52 6.77 53.92 184

Co 81 7.00 24.00 11.00 10.00 271 7.35 0.25 2.02 6.08 16

Ni 81 17.00]  127.00 33.20 30.00 13.56]| 183.76 0.41 13.56 28.68 60

Cu 81 12.00 60.00 23.15 21.00 7.72 59.58 0.33 213 6.30 39

Zn 81 20.00]  136.00 43.36 41.00 16.07|  258.23 0.37 3.09 14.29 75

As 76 2.00 19.00 10.25 10.00 4.15 17.23 0.40 -0.08 -0.45 19

Rb 81 87.00] 176.00] 135.89] 137.00 17.37| 301.65 0.13 0.03 0.03 171

Sr 81 23.00 71.00 35.28 34.00 7.15 51.06 0.20 1.79 6.63 50

Y 81 29.00 71.00 51.88 50.00 8.28 68.63 0.16 0.25 0.02 68

zr 81| 575.00] 1531.00] 956.15] 920.00|  188.87| 35670.80 0.20 0.64 0.47 1334

Nb 81 19.00 37.00 28.41 29.00 3.53 12.44 0.12 -0.08 0.35 35

Ba 81| 169.00] 491.00] 276.79] 268.00 57.83] 3344.22 0.21 0.95 1.57 392

w 81 6.00 11.00 8.68 9.00 1.07 1.15 0.12 -0.64 0.33 11

Pb 74 1.00 16.00 6.39 5.50 3.58 12.79 0.56 0.58 -0.44 14

Th 81 13.00 24.00 17.63 18.00 2.15 4.64 0.12 0.47 0.32 22

U 66 1.00 9.00 2.98 3.00 1.71 291 0.57 1.23 1.95 6
Table A- 8: Summary statistics of the Gabor one Granite log-transfor med data set.

Element N Min Max Mean Median $t. Dev \ar aqv Skew  Kprt Lag Thr  eshold
TiO, 81 -0.53 0.25 -0.18 -0.19 0.14 0.02 -0.80 0.42 0.26 1.1
MnO 81 -3.22 -1.71 -2.57 -2.53 0.30 0.09 -0.12 0.15 0.21 0.1
Fe,0; 81 0.25 2.01 1.28 1.25 0.29 0.08 0.22 -0.06 1.83 7
Sc 81 1.10 3.00 2.08 2.08 0.33 0.11 0.16 -0.02 0.95 17
vV 81 2.77 4.67 3.66 3.58 0.37 0.14 0.10 0.44 0.23 87
Cr 81 3.81 6.15 4.44 4.43 0.29 0.08 0.07 2.61 14.49 158
Co 81 1.95 3.18 2.37 2.30 0.22 0.05 0.09 1.11 1.77 17
Ni 81 2.83 4.84 3.45 3.40 0.28 0.08 0.08 1.91 7.04 58
Cu 81 2.48 4.09 3.10 3.04 0.28 0.08 0.09 1.02 1.51 41
Zn 81 3.00 4.91 3.72 3.71 0.29 0.09 0.08 1.09 3.21 78
As 76 0.69 2.94 2.22 2.30 0.52 0.28 0.24 -1.29 1.48 30
Rb 81 4.47 5.17 4.90 4.92 0.13 0.02 0.03 -0.40 0.59 176
Sr 81 3.14 4.26 3.55 3.53 0.19 0.03 0.05 0.77 1.63 51
Y 81 3.37 4.26 3.94 3.91 0.16 0.03 0.04 -0.30 0.84 72
Zr 81 6.35 7.33 6.84 6.82 0.19 0.04 0.03 0.07 0.05 1411
Nb 81 2.94 3.61 3.34 3.37 0.13 0.02 0.04 -0.52 0.75 37
Ba 81 5.13 6.20 5.60 5.59 0.20 0.04 0.04 0.25 0.33 414
w 81 1.79 2.40 2.15 2.20 0.13 0.02 0.06 -0.99 0.76 11
Pb 74 0.00 2.77 1.68 1.70 0.64 0.41 0.38 -0.53 -0.25 24
Th 81 2.56 3.18 2.86 2.89 0.12 0.01 0.04 0.12 0.00 22
U 66 0.00 2.20 0.94 1.10 0.58 0.33 0.62 -0.16 -0.58 10




Table A- 9: Summary statistics of the Dominion Group raw data set.

Element N Min Max Mean Median $t. Dev Mar av Skew  Khurt Thresho Id

TiO, 139 0.60 1.08 0.85 0.85 0.10 0.01 0.12 0.15 -0.29 1.1

MnO 139 0.03 0.15 0.06 0.06 0.02 0.00 0.32 1.35 2.37 0.1
Fe,03 139 1.77 5.69 3.27 3.17 0.77 0.59 0.24 0.72 0.41 5

Sc 139 4.00 16.00 9.96 10.00 2.10 4.43 0.21 0.12 0.13 14

v 139 23.00 90.00 46.23 42.00 14.19]  201.22 0.31 0.94 0.58 75

Cr 139 42.00]  164.00 81.96 74.00 26.93]  725.24 0.33 1.27 0.91 136

Co 139 8.00 22.00 11.54 11.00 2.82 7.95 0.24 1.13 1.13 17

Ni 139 14.00 75.00 27.95 24.00 11.38]  129.40 0.41 11.38 3.66 51

Cu 139 11.00 58.00 20.36 19.00 6.38 40.74 0.31 2.00 8.01 33

Zn 139 27.00]  236.00 44.52 42.00 19.06]  363.18 0.43 7.57 74.44 83

As 139 6.00 30.00 14.17 14.00 4.80 22.99 0.34 0.59 0.40 24

Rb 139 50.00]  103.00 72.71 73.00 10.03]  100.67 0.14 0.23 0.45 93

Sr 139 34.00]  132.00 46.06 44.00 9.44 89.16 0.21 5.62 49.33 65

Y 139 18.00 42.00 26.37 25.00 5.32 28.29 0.20 0.71 0.25 37

Zr 139| 364.00] 1389.00] 831.22] 851.00] 199.37| 39748.97 0.24 -0.18 -0.11 1230

Nb 139 17.00 26.00 21.34 21.00 1.98 3.92 0.09 0.37 -0.30 25

Ba 139| 199.00]  498.00]  293.30]  287.00 48.58| 2350.78 0.17 0.64 1.20 390

W 139 7.00 31.00 12.06 12.00 2.38 5.67 0.20 3.59 28.15 17

Pb 103 1.00 22.00 4.24 3.00 3.49 12.15 0.82 2.28 7.24 11

Th 139 11.00 16.00 13.99 14.00 1.15 1.33 0.08 -0.23 -0.20 16

U 6 1.00 2.00 1.17 1.00 0.41 0.17 0.35 2.45 6.00 2
Table A- 10: Summary statistics of the Dominion Group log-transfor med data set.

Element Min ax Mean Median $t. Dev \jar av Skew  Khrt Lag Thr eshold [Threshold
TiO, 139 051 0.08 -0.17 -0.16 0.12 0.01 -0.70 -0.15 -0.14 0.1 11
MnO 139 351 -1.90 278 281 0.29 0.09 -0.11 0.46 0.12 22 0.1
Fe,05 139 0.57 1.74 1.16 115 0.23 0.05 0.20 0.10 -0.17 2 5
Sc 139 1.39 2.77 2.28 2.30 0.22 0.05 0.10 067 131 3 15
V 139 314 4.50 3.79 3.74 0.29 0.09 0.08 0.28 -0.44 4 79
Cr 139 374 5.10 4.36 4.30 0.30 0.09 0.07 0.71 -0.15 5 141
Co 139 2.08 3.09 242 2.40 0.23 0.05 0.09 0.61 -0.17 3 18
Ni 139 2.64 4.32 327 3.18 0.34 0.12 0.11 0.91 0.51 4 52
Cu 139 2.40 4.06 2.97 2.94 0.28 0.08 0.09 0.64 0.76 4 34
Zn 139 3.30 5.46 3.75 3.74 0.26 0.07 0.07 232 13.30 4 71
As 139 1.79 3.40 2.59 2.64 0.35 0.12 0.14 031 -0.23 3 27
Rb 139 3.91 4.63 4.28 4.29 0.14 0.02 0.03 023 0.18 5 95
St 139 353 4.88 3.82 3.78 0.16 0.02 0.04 240 1436 4 62
Y 139 2.89 3.74 3.25 3.22 0.20 0.04 0.06 0.26 -0.46 4 38
Zr 139 5.90 7.24 6.69 6.75 0.26 0.07 0.04 -0.88 0.60 7 1367
Nb 139 2.83 3.26 3.06 3.04 0.09 0.01 0.03 0.16 -0.37 3 26
Ba 139 529 6.21 567 5.66 0.16 0.03 0.03 0.10 0.01 6 201
W 139 1.95 3.43 247 2.48 0.17 0.03 0.07 0.81 6.53 3 17
Pb 103 0.00 3.09 117 1.10 0.74 0.55 0.63 0.06 -0.43 3 14
Th 139 2.40 2.77 2.63 2.64 0.08 0.01 0.03 -0.46 0.10 3 16
u 6 0.00 0.69 0.12 0.00 0.28 0.08 2.45 2.45 6.00 1 2
Table A- 11: Summary statistics of the Hospital Hill Subgroup raw data set.

Element N Min Max Mean Median $t. Dev \ar av Skew  Kurt Thresho Id

TiO, 56 0.72 1.13 0.91 0.91 0.09 0.01 0.10 0.09 -0.28 1.1
MnO 56 0.03 0.10 0.06 0.06 0.01 0.00 0.24 0.51 0.69 0.1
Fe,04 56 2.04 9.59 3.83 3.46 1.42 2.02 0.37 2.15 5.84 7

Sc 56 6.00 15.00 10.96 11.00 2.25 5.05 0.21 -0.15 -0.47 15

v 56 27.00 96.00 54.38 54.00 12.48|  155.66 0.23 0.55 1.16 79

Cr 56 60.00]  165.00] 120.82|  124.00 29.45|  867.09 0.24 -0.45 -0.76 180

Co 56 3.00 20.00 11.88 12.00 3.20 10.22 0.27 0.18 1.22 18

Ni 56 18.00 54.00 33.61 32.50 8.68 75.33 0.26 8.68 -0.41 51

Cu 56 14.00 36.00 22.25 22.00 5.29 27.97 0.24 0.53 0.17 33

Zn 56 27.00 69.00 40.82 39.00 9.06 82.04 0.22 0.67 0.51 59

As 53 3.00 32.00 13.25 12.00 5.08 25.77 0.38 0.89 2.33 23

Rb 56 47.00 87.00 67.14 68.00 8.60 74.02 0.13 0.19 0.12 84

Sr 56 33.00]  105.00 44.46 42.00 1047  109.71 0.24 3.97 20.46 65

Y 56 19.00 35.00 24.66 24.00 3.59 12.88 0.15 0.73 0.59 32

Zr 56| 597.00] 1178.00] 869.88] 862.00|  133.70| 17875.42 0.15 0.04 -0.07 1137

Nb 56 17.00 26.00 20.61 20.00 1.58 2.50 0.08 0.74 2.13 24

Ba 56| 170.00] 365.00] 273.88] 273.50 37.50[ 1406.51 0.14 -0.01 0.48 349

W 56 9.00 29.00 12.93 13.00 2.69 7.23 0.21 3.90 23.21 18

Pb 28 1.00 16.00 3.50 2.00 3.44 11.81 0.98 2.34 6.03 10

Th 56 9.00 17.00 13.63 14.00 1.37 1.88 0.10 -0.56 1.77 16

1] 1 2.00 2.00
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Table A- 12: Summary statistics of the Hospital Hill Subgroup log-transfor med data set.

Element N Min Max Mean Median $t. Dev Var av Skew  Kurt Lqg Thr _eshold
TiO, 56 -0.33 0.12 -0.09 -0.09 0.10 0.01 -1.05 -0.16 -0.25 1.1
MnO 56 -3.51 -2.30 -2.84 -2.81 0.24 0.06 -0.09 -0.27 0.26 0.1
Fe,0; 56 0.71 2.26 1.29 1.24 0.31 0.10 0.24 0.96 1.43 7
Sc 56 1.79 271 2.37 2.40 0.22 0.05 0.09 -0.68 0.27 17
v 56 3.30 4.56 3.97 3.99 0.23 0.05 0.06 -0.29 0.55 87
Cr 56 4.09 5.11 4.76 4.82 0.27 0.07 0.06 -0.91 0.06 209
Co 56 1.10 3.00 2.43 2.48 0.31 0.10 0.13 -1.61 5.79 22
Ni 56 2.89 3.99 3.48 3.48 0.27 0.07 0.08 -0.29 -0.27 57
Cu 56 2.64 3.58 3.07 3.09 0.24 0.06 0.08 -0.05 -0.42 36
Zn 56 3.30 4.23 3.69 3.66 0.22 0.05 0.06 0.12 -0.43 63
As 53 1.10 3.47 2.51 2.48 0.42 0.17 0.17 -0.87 2.15 31
Rb 56 3.85 4.47 4.20 4.22 0.13 0.02 0.03 -0.20 0.22 87
Sr 56 3.50 4.65 3.78 3.74 0.18 0.03 0.05 2.56 9.92 64
Y 56 2.94 3.56 3.20 3.18 0.14 0.02 0.04 0.32 0.06 33
zr 56 6.39 7.07 6.76 6.76 0.16 0.02 0.02 -0.40 0.06 1193
Nb 56 2.83 3.26 3.02 3.00 0.08 0.01 0.02 0.36 1.69 24
Ba 56 5.14 5.90 5.60 5.61 0.14 0.02 0.03 -0.56 1.30 363
w 56 2.20 3.37 2.54 2.56 0.17 0.03 0.07 1.76 9.63 18
Pb 28 0.00 2.77 0.93 0.69 0.78 0.60 0.84 0.63 -0.18 16
Th 56 2.20 2.83 2.61 2.64 0.11 0.01 0.04 -1.12 3.26 17
U 1

Table A- 13: Summary statistics of the Kliprivier sberg Group raw data set.

Element N Min Max Mean Median $t. Dev Mar Qv Skew  Kurt Thresho Id

TiO, 2191 0.34 1.46 0.91 0.91 0.10 0.01 0.11 -0.13 1.18 1.1

MnO 2191 0.02 0.96 0.09 0.09 0.03 0.00 0.33 10.19] 27178 0.2
Fe,0, 2191 0.95 8.87 4.66 4.63 1.01 1.03 0.22 0.29 0.58 7

Sc 2191 1.00 25.00 13.62 14.00 2.47 6.12 0.18 0.09 0.87 19

vV 2191 22.00]  156.00 75.06 74.00 15.70| 246.46 0.21 0.55 1.55 106

Cr 2191 42.00] 782.00] 165.06]  150.00 70.64| 4990.16 0.43 2.47 11.08 306

Co 2191 7.00 36.00 17.27 17.00 3.86 14.87 0.22 0.57 0.57 25

Ni 2191 9.00] 172.00 54.88 52.00 19.11] 365.22 0.35 19.11 3.67 93

Cu 2191 8.00 72.00 29.11 29.00 6.80 46.29 0.23 0.85 2.47 43

Zn 2191 24.00]  317.00 50.82 50.00 12.38]  153.28 0.24 6.43]  113.96 76

As 2188 1.00 45.00 13.85 13.00 4.62 21.33 0.33 0.70 211 23

Rb 2191 33.00] 133.00 68.86 68.00 9.46 89.45 0.14 0.45 1.91 88

Sr 2191 19.00]  145.00 50.97 49.00 12.55| 157.40 0.25 1.50 5.44 76

Y 2191 11.00 58.00 23.54 23.00 3.35 11.25 0.14 0.98 5.67 30

zr 2191] 239.00] 1824.00] 784.98] 781.00]  163.87| 26853.12 0.21 0.49 1.58 1113

Nb 2191 9.00 30.00 19.33 19.00 1.35 1.83 0.07 0.16 3.80 22

Ba 2191 10.00] 479.00] 262.09]  259.00 46.88] 2197.36 0.18 0.33 1.21 356

w 2191 2.00 56.00 11.70 12.00 2.31 5.34 0.20 4.20 69.79 16

Pb 1568 1.00 22.00 3.49 3.00 2.29 5.26 0.66 1.73 6.31 8

Th 2191 1.00 20.00 13.57 14.00 1.27 1.63 0.09 -0.68 5.62 16

U 15 1.00 3.00 1.20 1.00 0.56 0.31 0.47 2.92 8.39 2
Table A- 14: Summary statistics of the Kliprivier sherg Group log-transfor med data set.

Element N Min Max Mean Median $t. Dev Var aqv Skew  Kprt Lag Thr eshold
TiO, 2191 -1.08 0.38 -0.10 -0.09 0.11 0.01 -1.09 -0.76 3.29 1.1
MnO 2191 -3.91 -0.04 -2.40 -2.41 0.27 0.07 -0.11 0.04 3.10 0.2
Fe,0; 2191 -0.05 2.18 1.52 1.53 0.23 0.05 0.15 -0.65 1.91 7
Sc 2191 0.00 3.22 2.59 2.64 0.20 0.04 0.08 -1.65 15.57 20
vV 2191 3.09 5.05 4.30 4.30 0.21 0.05 0.05 -0.51 2.10 115
Cr 2191 3.74 6.66 5.04 5.01 0.36 0.13 0.07 0.54 0.99 339
Co 2191 1.95 3.58 2.82 2.83 0.22 0.05 0.08 -0.09 0.00 27
Ni 2191 2.20 5.15 3.95 3.95 0.34 0.11 0.09 -0.09 0.74 108
Cu 2191 2.08 4.28 3.34 3.37 0.23 0.05 0.07 -0.21 1.08 46
Zn 2191 3.18 5.76 3.91 3.91 0.20 0.04 0.05 0.61 5.09 76
As 2188 0.00 3.81 2.57 2.56 0.36 0.13 0.14 -0.97 3.36 29
Rb 2191 3.50 4.89 4.22 4.22 0.14 0.02 0.03 -0.26 1.55 91
Sr 2191 2.94 4.98 3.90 3.89 0.23 0.05 0.06 0.34 0.90 81

Y 2191 2.40 4.06 3.15 3.14 0.14 0.02 0.04 0.08 1.72 31
Zr 2191 5.48 7.51 6.64 6.66 0.21 0.05 0.03 -0.48 1.55 1205
Nb 2191 2.20 3.40 2.96 2.94 0.07 0.00 0.02 -0.58 7.18 22
Ba 2191 2.30 6.17 5.55 5.56 0.19 0.04 0.03 -2.45 36.81 386
w 2191 0.69 4.03 2.44 2.48 0.19 0.03 0.08 -0.50 8.29 17
Pb 1568 0.00 3.09 1.04 1.10 0.66 0.43 0.63 -0.13 -0.73 13
Th 2191 0.00 3.00 2.60 2.64 0.11 0.01 0.04 -6.62| 144.95 17

U 15 0.00 1.10 0.12 0.00 0.32 0.11 272 2.67 6.45 2




Table A- 15: Summary statistics of the Platber g Group raw data set.

Element N Min Max Mean Median $t. Dev \{ar aqv Skew  Kurt Thresho Id
TiO, 628 0.50 3.01 1.11 1.07 0.23 0.05 0.20 1.55 8.89 1.6
MnO 628 0.02 0.31 0.09 0.09 0.03 0.00 0.37 1.10 4.45 0.2
Fe,0, 628 1.98 12.88 5.03 5.02 1.55 2.40 0.31 0.69 1.44 8
Sc 628 5.00 31.00 14.08 14.00 3.55 12.61 0.25 0.23 0.47 21
vV 628 14.00]  214.00 77.43 76.00 28.08|  788.60 0.36 0.73 1.32 134
Cr 628 44,00  474.00] 128.44] 122.00 51.75| 2678.10 0.40 1.37 4.03 232
Co 628 8.00]  803.00 17.42 15.00 31.81] 1012.16 1.83 24.09]  595.61 81
Ni 628 16.00]  386.00 53.45 51.00 27.60]  761.70 0.52 27.60 41.89 109
Cu 628 12.00]  127.00 31.51 30.00 12.55| 157.57 0.40 2.00 8.38 57
Zn 628 25.00]  195.00 50.52 49.00 15.50]  240.26 0.31 2.69 16.23 82
As 558 1.00 50.00 12.54 13.00 6.63 43.92 0.53 0.75 2.17 26
Rb 628 35.00]  118.00 71.36 71.00 11.60]  134.64 0.16 0.19 0.77 95
Sr 628 29.00]  640.00 94.40 70.00 68.59| 4704.24 0.73 3.34 16.73 232
Y 628 13.00 54.00 26.24 26.00 4.77 22.73 0.18 0.97 2.41 36
Zr 628|  262.00] 2673.00] 850.26]  825.00]  238.81| 57031.21 0.28 1.25 6.30 1328
Nb 628 12.00 33.00 20.42 20.00 2.00 3.99 0.10 0.29 4.05 24
Ba 628| 115.00] 1134.00] 388.57| 350.50|  147.50| 21755.29 0.38 1.89 4.54 684
W 628 2.00 34.00 10.61 10.00 2.44 5.98 0.23 1.61 14.17 16
Pb 468 1.00 74.00 5.06 4.00 5.74 32.95 113 6.06 56.52 17
Th 627 1.00 24.00 13.64 14.00 1.80 3.23 0.13 -1.12 7.91 17
U 12 1.00 2.00 1.25 1.00 0.45 0.20 0.36 1.33 -0.33 2

Table A- 16: Summary statistics of the Platber g Group log-log-tr ansfor med data set.

Element N Min Max Mean Median $t. Dev \jar qv Skew  Kurt Lag Thr eshold [Threshold
TiO, 628 -0.69 1.10 0.08 0.07 0.19 0.04 2.37 0.17 1.70 0.47 1.6
MnO 628 301 117 249 2.41 0.38 0.14 -0.15 -0.46 0.37 173 0.2
Fe,0; 628 0.68 2.56 157 1.61 0.31 0.10 0.20 -0.24 -0.31 2 9
Sc 628 1.61 3.43 2.61 2.64 0.27 0.07 0.10 0.57 0.35 3 23
v 628 2.64 537 4.28 433 0.38 0.14 0.09 -0.45 0.35 5 155
Cr 628 3.78 6.16 4.78 4.80 0.39 0.15 0.08 0.02 -0.06 6 259
Co 628 2.08 6.69 2.74 271 0.34 0.12 0.12 261 27.75 3 31
Ni 628 2.77 5.96 3.89 3.93 0.42 0.17 0.11 0.24 1.42 5 112
Cu 628 2.48 484 3.38 3.40 0.36 0.13 0.11 0.12 0.60 4 61
Zn 628 3.22 527 3.88 3.89 0.27 0.07 0.07 0.62 171 4 83
As 558 0.00 3.91 2.34 2.56 0.69 0.48 0.30 1.27 1.74 4 42
Rb 628 3.56 477 4.25 4.26 0.17 0.03 0.04 0.51 121 5 98
St 628 3.37 6.46 4.38 4.25 0.53 0.28 0.12 0.85 0.67 5 232
Y 628 2.56 3.99 3.25 3.26 0.18 0.03 0.05 0.19 0.92 4 37
Zr 628 557 7.89 6.71 6.72 0.28 0.08 0.04 0.42 1.75 7 1437
Nb! 628 2.48 3.50 3.01 3.00 0.10 0.01 0.03 -0.50 3.48 3 25
Ba 628 474 7.03 5.90 5.86 0.33 0.11 0.06 0.58 1.23 7 708
W 628 0.69 353 2.34 2.30 0.23 0.05 0.10 -0.89 5.99 3 17
Pb 268 0.00 4.30 1.30 1.39 0.77 0.60 0.60 0.19 0.28 3 17
Th 627 0.00 3.18 2.60 2.64 0.18 0.03 0.07 6.35 80.75 3 19
U 12 0.00 0.69 0.17 0.00 0.31 0.10 1.81 1.33 -0.33 1 2
Table A- 17: Summary statistics of the Allanridge Formation raw data set.

Element N Min Max Mean Median $t. Dev \{ar av Skew  Kurt Thresho Id

TiO, 4695 0.17 2.96 1.09 1.08 0.17 0.03 0.16 0.81 6.84 1.4

MnO 4695 0.02 0.21 0.10 0.09 0.02 0.00 0.26 0.47 0.67 0.1
Fe,03 4695 0.87 11.51 5.89 5.82 1.50 2.26 0.26 0.22 -0.07 9

Sc 4695 2.00 46.00 15.42 15.00 3.06 9.36 0.20 0.11 3.22 22

v 4695 3.00]  303.00 88.18 87.00 23.18]  537.17 0.26 0.32 1.43 135

Cr 4695 23.00] 518.00] 112.11]  106.00 37.17| 1381.37 0.33 2.73 16.05 186

Co 4695 8.00 42.00 20.74 20.00 5.24 27.46 0.25 0.40 0.13 31

Ni 4695 16.00]  364.00 65.45 62.00 22.83  521.13 0.35 22.83 7.82 111

Cu 4694 6.00]  122.00 43.01 40.00 15.29]  233.79 0.36 0.79 0.66 74

Zn 4695 13.00]  469.00 51.44 50.00 13.65]  186.45 0.27 9.86]  253.27 79

As 3975 1.00 68.00 11.66 12.00 5.86 34.32 0.50 0.84 4.50 23

Rb 4695 18.00]  128.00 68.97 70.00 12.07] 145.67 0.18 -0.33 0.43 93

Sr 4695 32.00] 621.00] 131.82] 103.00 89.34| 7981.73 0.68 1.85 3.59 311

Y 4695 7.00 42.00 25.38 25.00 3.42 11.66 0.13 -0.22 1.70 32

Zr 4695 88.00] 2870.00] 744.00] 736.00|  201.57| 40632.38 0.27 1.20 6.64 1147

Nb 4695 9.00 35.00 19.58 20.00 1.64 2.69 0.08 0.40 4.84 23

Ba 4695 62.00] 1029.00]  369.32]  368.00 78.98| 6237.79 0.21 0.65 3.61 527

W 4693 2.00 28.00 9.61 9.00 2.28 5.21 0.24 0.48 0.94 14

Pb 3796 1.00 45.00 4.26 4.00 2.88 8.28 0.67 2.68 20.11 10

Th 4695 3.00 25.00 13.52 14.00 1.27 1.62 0.09 -0.36 4.41 16

U 108 1.00 11.00 1.58 1.00 1.28 1.63 0.81 4.73 29.84 4
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Table A- 18: Summary statistics of the Allanridge For mation log-tr ansfor med data set.

Element N Min Max Mean Median $t. Dev Mar av Skew  Kurt Lag Thr _eshold
TiO 4695 -1.77 1.09 0.07 0.08 0.16 0.03 2.27 -0.91 8.03 15
MnO 4695 -3.91 -1.56 -2.38 -2.41 0.27 0.07 -0.11 -0.54 1.12 0.2
Fe,03 4695 -0.14 2.44 1.74 1.76 0.27 0.07 0.16 -0.64 1.12 10
Sc 4695 0.69 3.83 271 271 0.22 0.05 0.08 -1.31 5.61 24
vV 4695 1.10 571 4.44 4.47 0.29 0.08 0.06 -1.15 6.37 157
Cr 4694 3.14 6.25 4.68 4.66 0.29 0.08 0.06 0.46 221 199
Co 4695 2.08 3.74 3.00 3.00 0.26 0.07 0.09 -0.30 -0.09 35
Ni 4695 2.77 5.90 4.12 4.13 0.34 0.12 0.08 -0.12 0.31 129
Cu 4694 1.79 4.80 3.70 3.69 0.36 0.13 0.10 -0.24 0.21 88
Zn 4695 2.56 6.15 3.92 3.91 0.21 0.05 0.05 0.42 6.27 79
As 3975 0.00 4.22 2.29 2.48 0.67 0.45 0.29 -1.44 2.38 47
Rb 4695 2.89 4.85 4.22 4.25 0.19 0.04 0.04 -1.02 1.81 101
Sr 4695 3.47 6.43 471 4.63 0.57 0.32 0.12 0.57 -0.30 405
Y 4695 1.95 3.74 3.22 3.22 0.14 0.02 0.04 -1.22 5.61 34
zr 4695 4.48 7.96 6.58 6.60 0.27 0.07 0.04 -0.45 2.08 1285
Nb 4695 2.20 3.56 2.97 3.00 0.08 0.01 0.03 -0.34 4.02 23
Ba 4695 4.13 6.94 5.89 5.91 0.22 0.05 0.04 -0.83 4.24 577
w 4693 0.69 3.33 2.23 2.20 0.24 0.06 0.11 -0.31 0.49 16
Pb 3796 0.00 3.81 1.24 1.39 0.67 0.45 0.54 -0.30 -0.41 17
Th 4695 1.10 3.22 2.60 2.64 0.10 0.01 0.04 -1.94 19.92 17
U 108 0.00 2.40 0.31 0.00 0.48 0.23 1.57 1.65 3.03 4
Table A- 19: Summary statistics of the Black Reef For mation raw data set.

Element N Min Max Mean Median $t. Dev  Mar Qv Skew  Kurt Thresho Id

TiO, 43 0.75 1.38 0.96 0.95 0.15 0.02 0.15 1.02 1.46 1.3

MnO 43 0.07 0.82 0.18 0.12 0.17 0.03 0.93 3.06 9.17 05
Fe,0; 43 3.16 9.24 5.58 5.63 1.17 1.38 0.21 0.79 1.85 8

Sc 43 6.00 23.00 14.91 15.00 3.09 9.56 0.21 -0.26 1.64 21

vV 43 36.00] 153.00 90.12 91.00 24.60|  605.30 0.27 0.35 0.92 139

Cr 43 80.00] 192.00] 146.30]  147.00 26.89| 722.83 0.18 -0.23 -0.45 200

Co 43 7.00 29.00 16.02 15.00 4.95 24.55 0.31 0.66 0.17 26

Ni 43 27.00 87.00 55.95 55.00 12.78]  163.43 0.23 12.78 0.42 82

Cu 43 18.00 83.00 37.88 35.00 13.00] 168.96 0.34 1.88 5.10 64

Zn 43 31.00 95.00 53.86 55.00 13.85| 191.88 0.26 0.74 0.90 82

As 43 5.00 27.00 16.12 17.00 5.09 25.91 0.32 -0.05 -0.09 26

Rb 43 65.00] 117.00 88.74 89.00 13.75]  189.00 0.15 0.03 -0.94 116

Sr 43 26.00 68.00 39.93 40.00 8.75 76.54 0.22 1.05 2.77 57

Y 43 19.00 43.00 28.72 29.00 5.23 27.35 0.18 0.64 0.34 39

zr 43| 400.00] 1154.00] 714.58] 713.00] 154.07| 23737.06 0.22 0.30 0.85 1023

Nb 43 17.00 25.00 19.95 20.00 1.66 2.76 0.08 0.31 1.34 23

Ba 43] 136.00] 470.00] 301.30] 278.00 77.13] 5948.93 0.26 0.59 0.05 456

w 43 6.00 15.00 10.53 11.00 2.19 4.78 0.21 -0.20 -0.71 15

Pb 34 1.00 29.00 5.00 4.00 4.81 23.15 0.96 3.95 19.35 15

Th 43 8.00 17.00 13.07 13.00 1.71 2.92 0.13 -0.59 1.27 16
Table A- 20: Summary statistics of the Black Reef For mation log-transfor med data set.

Element N Min Max Mean Median $t. Dev \jar qv Skew  Kurt Lgg Thr  eshold

TiO, 43 -0.29 0.32 -0.05 -0.05 0.15 0.02 -3.06 0.53 0.56 1.3

MnO 43 -2.66 -0.20 -1.93 -2.12 0.56 0.32 -0.29 1.77 3.14 0.5

Fe,03 43 1.15 2.22 1.70 1.73 0.21 0.04 0.12 -0.08 0.88 8

Sc 43 1.79 3.14 2.68 2.71 0.23 0.06 0.09 -1.50 4.48 24

v 43 3.58 5.03 4.46 451 0.29 0.09 0.07 -0.83 1.68 163

Cr 43 4.38 5.26 4.97 4.99 0.19 0.04 0.04 -0.72 0.55 216

Co 43 1.95 3.37 2.73 2.71 0.31 0.10 0.11 -0.14 0.01 30

Ni 43 3.30 4.47 4.00 4.01 0.24 0.06 0.06 -0.58 0.95 90

Cu 43 2.89 4.42 3.59 3.56 0.31 0.09 0.09 0.45 1.57 70

Zn 43 3.43 4.55 3.95 4.01 0.25 0.06 0.06 0.00 -0.08 90

As 43 1.61 3.30 2.72 2.83 0.37 0.13 0.13 -1.07 1.36 34

Rb 43 4.17 4.76 4.47 4.49 0.16 0.02 0.04 -0.21 -0.96 122

Sr 43 3.26 4.22 3.66 3.69 0.21 0.04 0.06 0.13 0.79 61

Y 43 2.94 3.76 3.34 3.37 0.18 0.03 0.05 0.17 -0.17 41

Zr 43 5.99 7.05 6.55 6.57 0.22 0.05 0.03 -0.51 0.77 1119

Nb 43 2.83 3.22 2.99 3.00 0.08 0.01 0.03 -0.05 0.84 24

Ba 43 4.91 6.15 5.68 5.63 0.26 0.07 0.05 -0.19 0.69 504

w 43 1.79 2.71 2.33 2.40 0.22 0.05 0.09 -0.60 -0.36 16

Pb 34 0.00 3.37 1.35 1.39 0.70 0.50 0.52 0.18 1.10 20

Th 43 2.08 2.83 2.56 2.56 0.14 0.02 0.05 -1.20 2.78 17

U 0
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Table A- 21: Summary statistics of the Vryburg Formation raw data set.

Element N Min Max Mean Median $t. Dev Mar qv Skew  Kurt Thresho Id

TiO, 535 0.27 2.42 1.24 1.24 0.26 0.07 0.21 0.14 1.19 1.7
MnO 535 0.02 0.49 0.11 0.10 0.07 0.00 0.57 2.18 7.15 0.2
Fe,O, 535 0.94 14.10 4.79 4.51 1.90 3.62 0.40 0.93 1.20 9

Sc 534 4.00 31.00 13.66 13.00 4.08 16.65 0.30 1.08 1.63 22

vV 535 2.00]  246.00 64.18 57.00 34.76] 1208.32 0.54 1.22 2.16 134

Cr 534 16.00]  782.00] 131.97]  110.00 88.07| 7756.27 0.67 3.12 14.54 308

Co 535 7.00 37.00 13.38 12.00 453 20.54 0.34 1.25 1.85 22

Ni 535 13.00]  129.00 44.36 41.00 19.45 378.17 0.44 19.45 0.30 83

Cu 535 8.00]  157.00 32.68 27.00 20.91 437.33 0.64 1.68 3.93 75

Zn 535 16.00 74.00 39.68 36.00 11.75 137.99 0.30 0.76 -0.30 63

As 407 1.00 78.00 9.98 8.00 8.12 66.01 0.81 2.95 17.52 26

Rb 535 35.00]  142.00 78.30 78.00 11.62 135.14 0.15 0.47 258 102

Sr 535 31.00]  256.00 61.61 55.00 22.92 525.31 0.37 403 24.30 107

Y 535 9.00 41.00 26.67 27.00 4.39 19.30 0.16 -0.19 0.92 35

Zr 535]  187.00] 2478.00] 950.99] 907.00[  340.74]116104.41 0.36 0.42 0.11 1632

Nb 535 11.00 33.00 21.81 21.00 2.66 7.07 0.12 0.13 0.76 27

Ba 535] 122.00] 811.00] 377.86]  369.00 69.79|  4870.03 0.18 117 5.61 517

W 533 1.00 16.00 8.46 8.00 1.54 2.37 0.18 0.45 257 12

Pb 379 1.00 97.00 4.20 3.00 5.87 34.45 1.40 11.22]  168.06 16

Th 534 7.00 22.00 13.62 14.00 1.44 2.08 0.11 0.28 3.05 17

U 3 3.00 5.00 4.00 4.00 1.00 1.00 0.25 0.00 0.00 6
Table A- 22: Summary statistics of the Vryburg For mation log-transfor med data set.

Element N Min Max Mean Median $t. Dev Mar qv Skew  Kurt Lag Thr _eshold
TiO, 535 -1.31 0.88 0.19 0.22 0.22 0.05 1.19 -1.23 5.63 1.9
MnO 535 -3.91 -0.71 -2.29 -2.30 0.50 0.25 -0.22 0.15 0.32 0.3
Fe,03 535 -0.06 2.65 1.49 151 0.40 0.16 0.27 -0.15 -0.06 11
Sc 534 1.39 3.43 2.57 2.56 0.29 0.08 0.11 0.14 0.38 24
vV 535 0.69 5.51 4.02 4.04 0.56 0.31 0.14 -0.51 1.75 198
Cr 534 2.77 6.66 4.73 4.70 0.52 0.28 0.11 0.41 0.96 372
Co 535 1.95 3.61 2.54 2.48 0.31 0.10 0.12 0.50 -0.35 25
Ni 535 2.56 4.86 3.70 3.71 0.43 0.19 0.12 0.09 -0.88 105
Cu 535 2.08 5.06 3.31 3.30 0.58 0.33 0.17 0.34 -0.70 103
Zn 535 2.77 4.30 3.64 3.58 0.28 0.08 0.08 0.28 -0.72 70
As 407 0.00 4.36 2.00 2.08 0.83 0.70 0.42 -0.53 0.08 55
Rb 535 3.56 4.96 4.35 4.36 0.15 0.02 0.03 -0.58 3.81 106
Sr 535 3.43 5.55 4.08 4.01 0.27 0.07 0.07 1.68 4.85 106
Y 535 2.20 3.71 3.27 3.30 0.18 0.03 0.05 -1.21 461 38
Zr 535 5.23 7.82 6.79 6.81 0.39 0.15 0.06 -0.54 0.24 2068
Nb 535 2.40 3.50 3.07 3.04 0.12 0.02 0.04 -0.46 1.90 28
Ba 535 4.80 6.70 5.92 5.91 0.18 0.03 0.03 -0.52 5.42 546
W 533 0.00 2.77 2.12 2.08 0.20 0.04 0.09 -2.31 23.94 13
Pb 379 0.00 4.57 1.13 1.10 0.73 0.53 0.64 0.35 0.82 17
Th 534 1.95 3.09 2.61 2.64 0.11 0.01 0.04 -0.53 3.81 17
U 3

Table A- 23: Summary statistics of the Malmani Dolomite Subgroup raw data set.

Element N Max Mean Median $t. Dev \{ar aqv Skew  Kurt Thresho Id

TiO, 590 0.21 1.24 0.66 0.66 0.15 0.02 0.23 0.22 0.23 1.0
MnO 590 0.10 5.35 0.83 0.65 0.61 0.38 0.74 2.16 7.65 2.1
Fe,05 590 1.94 16.71 5.33 4.95 1.83 3.35 0.34 1.92 6.34 9

Sc 590 1.00 32.00 10.45 10.00 4.28 18.35 0.41 0.98 1.81 19

V 590 19.00]  203.00 70.23 66.00 20.43]  417.29 0.29 1.34 4.56 111

Cr 590 21.00]  651.00] 132.84|  126.00 47.72| 2277.08 0.36 3.86 30.24 228

Co 581 1.00 35.00 10.25 10.00 3.48 12.10 0.34 1.36 6.50 17

Ni 590 20.00]  134.00 42.48 40.00 12.63]  159.53 0.30 12.63 12.49 68

Cu 590 9.00]  141.00 25.09 23.00 10.62]  112.72 0.42 4.40 31.99 46

Zn 589 17.00]  207.00 34.01 30.00 16.99]  288.63 0.50 4.84 35.37 68

As 589 3.00 73.00 18.09 17.00 7.58 57.51 0.42 2.68 13.29 33

Rb 590 18.00]  137.00 54.63 52.00 18.92|  358.08 0.35 0.80 0.92 92

Sr 589 8.00 72.00 25.03 24.00 6.40 41.00 0.26 1.70 7.37 38

Y 589 1.00 46.00 19.28 19.00 6.02 36.25 0.31 0.54 1.01 31

Zr 590  108.00] 1092.00] 508.75| 505.00]  146.71| 21522.69 0.29 0.23 -0.23 802

Nb 590 4.00 35.00 16.41 16.00 2.54 6.43 0.15 0.03 6.21 21

Ba 590 48.00] 1819.00] 361.78] 341.00] 172.15] 29636.48 0.48 1.73 9.65 706

W 590 1.00 17.00 8.67 9.00 1.71 2.92 0.20 1.39 6.42 12

Pb 91 1.00] 122.00 9.58 4.00 19.48]  379.40 2.03 4.19 19.05 49

Th 578 1.00 19.00 12.10 13.00 2.57 6.61 0.21 -1.34 2.96 17

U 15 1.00 5.00 1.67 1.00 1.05 1.10 0.63 2.51 7.69 4
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Table A- 24: Summary statistics of the Malmani Dolomite Subgr oup log-transfor med data set.

Element N Min Max Mean Median $t. Dev Var av Skew  Kurt Lgg Thr _eshold
TiO, 590 -1.56 0.22 -0.45 -0.42 0.24 0.06 -0.53 -0.53 0.63 1.1
MnO 590 -2.30 1.68 -0.41 -0.43 0.66 0.44 -1.60 0.10 -0.18 3.1
Fe,0, 590 0.66 2.82 1.62 1.60 0.30 0.09 0.19 0.54 0.87 10
Sc 590 0.00 3.47 2.26 2.30 0.43 0.19 0.19 -0.69 231 25
v 590 2.94 5.31 4.21 4.19 0.28 0.08 0.07 -0.10 1.54 123
Cr 590 3.04 6.48 4.84 4.84 0.30 0.09 0.06 0.18 4.85 242
Co 581 0.00 3.56 2.27 2.30 0.36 0.13 0.16 -1.22 5.95 21
Ni 590 3.00 4.90 3.72 3.69 0.25 0.06 0.07 1.05 2.73 70
Cu 590 2.20 4.95 3.17 3.14 0.31 0.09 0.10 1.39 4.42 46
Zn 589 2.83 5.33 3.46 3.40 0.34 0.11 0.10 1.57 4.63 66
As 589 1.10 4.29 2.82 2.83 0.38 0.15 0.14 -0.38 3.41 39
Rb 590 2.89 4.92 3.94 3.95 0.35 0.12 0.09 -0.21 -0.09 110
Sr 590 2.08 4.28 3.19 3.18 0.24 0.06 0.08 0.18 1.86 40
Y 589 0.00 3.83 2.91 2.94 0.35 0.12 0.12 -1.50 8.94 39
zr 590 4.68 7.00 6.19 6.22 0.31 0.10 0.05 -0.62 0.76 946
Nb 590 1.39 3.56 2.78 277 0.17 0.03 0.06 -2.04 12.86 23
Ba 590 3.87 7.51 5.78 5.83 0.50 0.25 0.09 -0.70 1.10 1001
w 590 0.00 2.83 2.14 2.20 0.20 0.04 0.10 -1.94 22.68 13
Pb 91 0.00 4.80 1.35 1.39 1.22 1.50 0.91 0.74 0.04 95
Th 578 0.00 2.94 2.46 2.56 0.32 0.10 0.13 -4.09 24.80 23
U 15 0.00 1.61 0.38 0.00 0.48 0.23 1.25 1.15 1.27 4
Table A- 25: Summary statistics of the Ghaap Group Dolomitesraw data set.

Element N Min Max Mean Median $t. Dev Mar qv Skew  Kurt Thresho Id

TiO, 2818 0.30 2.35 1.11 1.10 0.22 0.05 0.20 0.38 1.57 1.6

MnO 2818 0.04 6.53 0.51 0.42 0.40 0.16 0.78 3.17 25.43 1.3
Fe,0, 2818 1.18 11.09 4.07 3.96 0.97 0.93 0.24 1.08 3.60 6

Sc 2816 2.00 37.00 13.10 13.00 2.94 8.62 0.22 1.02 6.62 19

vV 2818 5.00]  198.00 50.39 47.00 19.56] 382.47 0.39 1.41 4.20 90

Cr 2818 7.00] 959.00] 100.81 93.00 47.95| 2298.92 0.48 5.74 71.68 197

Co 2816 2.00 36.00 9.94 10.00 2.44 5.97 0.25 1.97 1152 15

Ni 2818 10.00]  120.00 32.93 31.00 9.70 94.11 0.29 9.70 7.52 52

Cu 2817 6.00 92.00 24.35 24.00 6.87 47.20 0.28 2.49 16.54 38

Zn 2817 15.00]  969.00 56.80 50.00 43.71] 1910.63 0.77 10.86]  185.09 144

As 2451 1.00 71.00 12.66 11.00 9.07 82.31 0.72 1.60 4.02 31

Rb 2817 13.00]  168.00 79.80 79.00 14.63]  213.93 0.18 0.61 3.53 109

Sr 2816 22.00] 195.00 60.39 58.00 14.13]  199.61 0.23 3.29 20.72 89

Y 2816 5.00 39.00 23.86 24.00 4.12 16.97 0.17 -0.35 1.21 32

Zr 2818| 208.00| 2162.00] 919.53] 900.50| 261.93| 68608.36 0.28 0.62 1.35 1443

Nb 2816 6.00 30.00 20.90 21.00 2.44 5.97 0.12 -0.36 3.00 26

Ba 2818 51.00] 935.00] 333.96] 328.00 91.45| 8363.17 0.27 1.03 4.18 517

w 2813 1.00 28.00 8.51 9.00 1.84 3.37 0.22 0.95 10.34 12

Pb 2594 1.00] 231.00 9.10 7.00 12.14] 147.33 1.33 8.20]  100.14 33

Th 2797 2.00 23.00 13.12 13.00 1.87 3.48 0.14 -1.04 4.15 17

U 12 1.00 4.00 1.67 1.00 1.23 1.52 0.74 1.47 0.37 4
Table A- 26: Summary statistics of the Ghaap Group Dolomites|og-transfor med data set.

Element N Min Max Mean Median $t. Dev Vjar av Skew  Kprt Lag Th

TiO, 2818 -1.20 0.85 0.09 0.10 0.21 0.04 2.46 -0.68 2.17 1.7

MnO 2818 -3.22 1.88 -0.94 -0.87 0.73 0.54 -0.78 -0.22 -0.07 2.2

Fe,0; 2818 0.17 241 1.38 1.38 0.23 0.05 0.17 -0.26 2.18 7

Sc 2816 0.69 3.61 2.54 2.56 0.24 0.06 0.09 -1.47 9.27 21

v 2818 1.61 5.29 3.85 3.85 0.37 0.14 0.10 -0.13 1.01 106

Cr 2818 1.95 6.87 4.54 4.53 0.38 0.15 0.08 -0.12 4.42 216

Co 2816 0.69 3.58 2.27 2.30 0.23 0.05 0.10 0.12 3.70 16

Ni 2818 2.30 4.79 3.46 3.43 0.26 0.07 0.08 0.63 1.37 55

Cu 2817 1.79 4.52 3.16 3.18 0.26 0.07 0.08 0.11 2.46 41

Zn 2817 271 6.88 3.93 3.91 0.40 0.16 0.10 1.44 5.51 124

As 2451 0.00 4.26 2.26 2.40 0.81 0.66 0.36 -0.74 0.57 67

Rb 2817 2.56 5.12 4.36 4.37 0.19 0.04 0.04 -0.91 5.70 117

Sr 2817 3.09 5.27 4.08 4.06 0.20 0.04 0.05 0.86 5.62 90

Y 2816 1.61 3.66 3.16 3.18 0.19 0.04 0.06 -1.44 4.99 35

zr 2818 5.34 7.68 6.78 6.80 0.30 0.09 0.04 -0.57 1.26 1670

Nb 2816 1.79 3.40 3.03 3.04 0.13 0.02 0.04 -1.80 12.92 27

Ba 2818 3.93 6.84 5.77 5.79 0.28 0.08 0.05 -0.78 3.57 589

w 2813 0.00 3.33 212 2.20 0.24 0.06 0.11 -1.77 11.13 14

Pb 2594 0.00 5.44 1.85 1.95 0.82 0.67 0.44 -0.01 0.92 46

Th 2797 0.69 3.14 2.56 2.56 0.17 0.03 0.07 -3.25 23.35 19

U 10 0.00 1.39 0.28 0.00 0.59 0.34 211 1.78 1.41 5

224



Table A- 27: Summary statistics of the Asbestos Hill Subgroup raw data set.

Element N Min Max Mean Median $t. Dev Var qv Skew  Kurt Thresho Id

TiO, 328 0.46 1.70 1.12 1.11 0.20 0.04 0.18 -0.02 0.69 1.5

MnO 328 0.04 0.80 0.13 0.11 0.09 0.01 0.64 4.50 27.03 0.3
Fe,03 328 2.80 25.77 7.66 6.84 3.08 9.46 0.40 2.04 6.16 14

Sc 328 2.00 83.00 15.66 15.00 6.48 41.93 0.41 6.51 62.89 29

vV 328 19.00]  226.00 53.02 51.00 17.85| 318.57 0.34 5.00 43.26 89

Cr 328 12.00]  377.00 78.70 73.00 30.03] 902.10 0.38 4.85 40.09 139

Co 277 1.00]  767.00 12.01 7.00 63.00] 3968.94 5.25 1168] 13581 138

Ni 328 11.00 91.00 28.29 26.00 9.78 95.65 0.35 9.78 9.49 48

Cu 328 5.00 51.00 20.67 20.00 5.16 26.59 0.25 1.27 5.36 31

Zn 328 19.00]  268.00 43.78 40.50 16.79] 281.97 0.38 7.74 97.46 77

As 298 1.00 67.00 16.21 15.00 9.27 85.96 0.57 1.24 3.30 35

Rb 328 36.00]  110.00 74.34 76.00 10.13]  102.62 0.14 -0.68 1.87 95

Sr 328 26.00 87.00 53.83 54.00 8.17 66.78 0.15 -0.20 1.84 70

Y 328 9.00 39.00 24.17 24.00 4.62 21.34 0.19 -0.54 1.14 33

zr 328] 208.00] 1655.00] 907.48| 894.00]  214.16| 45865.60 0.24 0.09 0.78 1336

Nb 328 13.00 26.00 20.74 21.00 2.10 4.40 0.10 -0.80 1.92 25

Ba 328] 122.00] 959.00] 376.68]  374.00 70.71] 5000.52 0.19 2.44 23.86 518

W 328 3.00 71.00 11.51 10.00 5.67 32.12 0.49 5.20 42.61 23

Pb 125 1.00 22.00 2.46 2.00 2.44 5.94 0.99 4.74 33.43 7

Th 328 2.00 17.00 13.43 14.00 1.77 3.12 0.13 -1.42 6.59 17
Table A- 28: Summary statistics of the Asbestos Hill Subgroup log-transfor med data set.

Element N Min Max Mean Median $t. Dev Var av Skew  Kurt Lag Thr _eshold
TiO, 328 -0.78 0.53 0.09 0.10 0.19 0.04 2.03 -0.94 2.71 1.6
MnO 328 -3.22 -0.22 -2.12 -2.21 0.42 0.18 -0.20 1.16 3.26 0.3
Fe,03 328 1.03 3.25 1.97 1.92 0.35 0.12 0.18 0.61 0.93 15
Sc 328 0.69 4.42 2.70 271 0.31 0.09 0.11 -0.20 11.59 29
v 328 2.94 5.42 3.93 3.93 0.26 0.07 0.07 0.78 5.52 89
Cr 328 2.48 5.93 4.32 4.29 0.31 0.10 0.07 -0.29 9.15 146
Co 277 0.00 6.64 1.81 1.95 0.68 0.46 0.37 1.76 17.71 30
Ni 328 2.40 4.51 3.30 3.26 0.29 0.08 0.09 1.01 211 50
Cu 328 1.61 3.93 3.00 3.00 0.25 0.06 0.08 -0.70 4.95 34
Zn 328 2.94 5.59 3.74 3.70 0.26 0.07 0.07 1.33 7.56 74
As 298 0.00 4.20 2.60 271 0.66 0.44 0.26 -0.97 1.61 63
Rb 328 3.58 4.70 4.30 4.33 0.15 0.02 0.03 -1.50 4.32 100
Sr 328 3.26 4.47 3.97 3.99 0.16 0.03 0.04 -1.13 3.42 75
Y 328 2.20 3.66 3.16 3.18 0.22 0.05 0.07 -1.59 4.24 38
zr 328 5.34 7.41 6.78 6.80 0.26 0.07 0.04 -1.33 4.67 1541
Nb 328 2.56 3.26 3.03 3.04 0.11 0.01 0.04 -1.36 3.61 26
Ba 328 4.80 6.87 5.91 5.92 0.19 0.04 0.03 -1.49 12.59 553
w 328 1.10 4.26 2.37 2.30 0.34 0.12 0.14 1.12 5.19 23
Pb 125 0.00 3.09 0.64 0.69 0.67 0.45 1.05 0.75 0.15 9
Th 328 0.69 2.83 2.59 2.64 0.17 0.03 0.07 -5.07 48.55 19
U 0

Table A- 29: Summary statistics of the Pretoria Group Quartzite raw data set.

Element N Min Max Mean Median $t. Dev Mar qv Skew  Kurt Thresho Id

TiO, 86 0.44 2.24 0.88 0.80 0.32 0.10 0.37 2.18 5.99 1.5

MnO 86 0.02 0.19 0.09 0.08 0.05 0.00 0.55 0.54 -0.82 0.2
Fe,03 86 0.97 25.41 6.22 5.10 3.55 12.64 0.57 2.24 8.96 13

Sc 86 1.00 30.00 13.57 11.50 7.28 53.02 0.54 0.58 -0.65 28

v 86 12.00]  333.00 96.58 76.00 59.04| 3485.40 0.61 1.24 2.05 215

Cr 86 67.00] 2614.00] 390.98] 221.50|  468.56|219547.51 1.20 2.99 9.71 1328

Co 86 6.00 59.00 18.65 15.00 12.19]  148.49 0.65 1.77 2.90 43

Ni 86 19.00]  474.00 78.01 48.00 80.36| 6457.00 1.03 80.36 8.63 239

Cu 86 9.00]  134.00 39.97 35.00 22.87|  522.88 0.57 1.85 4.25 86

Zn 86 17.00]  145.00 43.58 39.00 23.41] 548.18 0.54 1.97 5.72 90

As 76 2.00 54.00 18.26 16.50 10.82| 116.97 0.59 0.89 0.85 40

Rb 86 23.00]  141.00 61.81 57.00 22.61] 511.07 0.37 1.00 1.37 107

Sr 86 16.00]  152.00 34.44 29.00 18.37]  337.50 0.53 3.57 19.33 71

Y 86 10.00 53.00 25.10 23.00 7.92 62.75 0.32 0.83 0.79 41

zr 86] 186.00] 1911.00] 543.37]| 488.00] 285.71| 81629.88 0.53 2.04 6.33 1115

Nb 86 11.00 35.00 17.65 17.00 3.86 14.89 0.22 1.57 4.94 25

Ba 86 20.00] 665.00] 263.92] 237.50] 128.81| 16591.06 0.49 0.73 0.32 522

w 86 4.00 15.00 8.63 9.00 2.00 4.00 0.23 0.02 0.56 13

Pb 24 1.00 20.00 7.50 6.00 5.41 29.22 0.72 0.92 0.06 18

Th 86 3.00 24.00 13.97 14.00 322 10.34 0.23 -0.59 2.00 20

U 9 1.00 5.00 1.78 1.00 1.39 1.94 0.78 1.92 3.38 5
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Table A- 30: Summary statistics of the Pretoria Group Quartzite log-transfor med data set.

Element N Min Max Mean Median $t. Dev Var av Skew  Kurt Lag Thr eshold
TiO, 86 -0.82 0.81 -0.18 -0.22 0.31 0.09 -1.70 0.90 1.64 1.61
MnO 86 -3.91 -1.66 -2.61 -2.59 0.61 0.37 -0.23 -0.33 -0.75 0.30
Fe,0; 86 -0.03 3.24 1.69 1.63 0.52 0.27 0.31 -0.13 1.04 18
Sc 86 0.00 3.40 2.44 2.44 0.63 0.40 0.26 -0.95 1.81 50
vV 86 2.48 5.81 4.39 4.33 0.63 0.39 0.14 -0.29 0.07 344
Cr 86 4.20 7.87 5.58 5.40 0.79 0.62 0.14 1.01 0.80 1753
Co 86 1.79 4.08 2.76 271 0.55 0.30 0.20 0.60 -0.27 55
Ni 86 2.94 6.16 4.05 3.87 0.71 0.51 0.18 1.00 0.63 306
Cu 86 2.20 4.90 3.55 3.55 0.52 0.27 0.15 0.08 0.37 113
Zn 86 2.83 4.98 3.66 3.66 0.47 0.22 0.13 0.39 -0.09 111
As 76 0.69 3.99 2.70 2.80 0.72 0.52 0.27 -0.90 0.67 81
Rb 86 3.14 4.95 4.06 4.04 0.36 0.13 0.09 -0.15 0.30 128
Sr 86 2.77 5.02 3.45 3.37 0.40 0.16 0.12 0.92 2.08 76
Y 86 2.30 3.97 3.18 3.14 0.31 0.10 0.10 0.02 -0.16 47
Zr 86 5.23 7.56 6.19 6.19 0.46 0.21 0.07 0.30 0.18 1366
Nb 86 2.40 3.56 2.85 2.83 0.20 0.04 0.07 0.52 1.44 26
Ba 86 3.00 6.50 5.44 5.47 0.56 0.32 0.10 -1.08 3.10 832
w 86 1.39 271 213 2.20 0.25 0.06 0.12 -0.80 0.85 14
Pb 24 0.00 3.00 1.73 1.79 0.83 0.69 0.48 -0.49 -0.27 42
Th 86 1.10 3.18 2.60 2.64 0.29 0.08 0.11 -2.28 8.49 25
U 9 0.00 1.61 0.38 0.00 0.61 0.37 1.62 1.37 0.60 6
Table A- 31: Summary statistics of the Pretoria Group shale and dateraw data set.

Element N Min Max Mean Median $t. Dev Mar qv Skew  Kurt Thresho Id

TiO, 123 0.54 1.91 0.88 0.86 0.23 0.05 0.26 1.66 4.09 1.3

MnO 123 0.02 0.67 0.10 0.08 0.08 0.01 0.87 4.58 27.56 0.3
Fe,0, 123 0.68 14.38 6.38 6.08 2.71 7.37 0.43 0.53 -0.14 12

Sc 123 2.00 79.00 14.80 13.00 8.44 71.31 0.57 3.82 26.39 32

vV 123 21.00|  382.00 95.15 85.00 50.87| 2587.85 0.53 2.06 8.20 197

Cr 111 47.00] 830.00] 239.87] 190.00] 163.84| 26842.40 0.68 1.70 3.06 568

Co 123 5.00]  619.00 26.85 19.00 55.51| 3081.72 2.07 10.12]  108.41 138

Ni 122 19.00]  881.00 97.90 61.50  118.47| 14034.59 121 11847 18.46 335

Cu 123 12.00]  234.00 39.24 35.00 26.32|  692.79 0.67 4.29 26.96 92

Zn 123 19.00]  231.00 49.83 45.00 24.80]  614.95 0.50 3.53 22.57 99

As 115 2.00 79.00 20.04 17.00 12.65|  160.04 0.63 2.13 7.19 45

Rb 123 18.00]  196.00 80.72 77.00 28.47]  810.68 0.35 0.72 1.62 138

Sr 123 16.00]  290.00 49.75 40.00 36.39] 1324.09 0.73 3.49 16.82 123

Y 123 14.00 46.00 25.37 25.00 6.08 36.91 0.24 0.81 0.70 38

Zr 123| 150.00] 1191.00] 512.24] 454.00] 230.41| 53087.02 0.45 0.84 0.26 973

Nb 123 6.00 30.00 18.05 18.00 3.27 10.69 0.18 0.48 3.20 25

Ba 123| 121.00] 910.00] 357.82] 335.00] 128.67| 16555.13 0.36 1.48 3.97 615

w 123 4.00 12.00 8.54 9.00 1.98 3.91 0.23 -0.20 0.57 12

Pb 43 1.00 38.00 6.09 5.00 6.47 41.90 1.06 3.39 14.45 19

Th 121 3.00 23.00 14.42 14.00 3.12 9.76 0.22 -0.18 1.17 21

U 16 1.00 4.00 1.88 2.00 0.96 0.92 0.51 0.80 -0.23 4
Table A- 32: Summary statistics of the Pretoria Group shale and Slate log-transfor med data set.
Element N Min Max Mean Median $t. Dev Var av Skew  Kurt Lqg Thr _eshold
TiO, 121 -0.62 0.65 -0.15 -0.16 0.23 0.05 -1.50 0.72 1.18 1.4
MnO 123 -3.91 -0.40 -2.54 -2.53 0.58 0.34 -0.23 0.65 1.33 0.3
Fe,0, 123 -0.39 2.67 1.75 1.81 0.48 0.23 0.27 -0.91 221 17
Sc 123 0.69 4.37 2.58 2.56 0.48 0.23 0.19 -0.10 211 39
v 123 3.04 5.95 4.43 4.44 0.50 0.25 0.11 -0.12 0.33 261
Cr 111 3.85 6.72 5.28 5.25 0.62 0.39 0.12 0.10 -0.07 835
Co 123 1.61 6.43 2.97 2.94 0.61 0.37 0.21 1.68 7.52 80
Ni 122 2.94 6.78 4.23 4.12 0.74 0.55 0.18 1.05 1.08 403
Cu 123 2.48 5.46 3.54 3.56 0.48 0.23 0.14 0.63 1.64 102
Zn 123 2.94 5.44 3.82 3.81 0.40 0.16 0.11 0.46 117 111
As 115 0.69 4.37 2.82 2.83 0.62 0.38 0.22 -0.53 1.47 70
Rb 123 2.89 5.28 4.32 4.34 0.38 0.14 0.09 -0.78 1.64 174
Sr 123 2.77 5.67 3.75 3.69 0.51 0.26 0.14 1.06 1.57 134
Y 123 2.64 3.83 3.21 3.22 0.23 0.05 0.07 0.13 0.00 40
zr 123 5.01 7.08 6.14 6.12 0.45 0.20 0.07 -0.09 -0.52 1268
Nb 123 1.79 3.40 2.88 2.89 0.19 0.04 0.07 -1.34 8.32 27
Ba 123 4.80 6.81 5.82 5.81 0.34 0.12 0.06 0.01 0.90 707
w 123 1.39 2.48 211 2.20 0.25 0.06 0.12 -0.81 0.56 14
Pb 39 0.69 3.64 1.61 1.61 0.72 0.51 0.45 0.58 0.45 27
Th 121 1.10 3.14 2.64 2.64 0.25 0.06 0.10 -2.10 10.61 24
U 9 0.69 1.39 0.91 0.69 0.27 0.07 0.29 0.72 -0.97 4




Table A- 33: Summary statistics of the Hekpoort For mation raw data set.

Element N Min Max Mean Median $t. Dev \{ar aqv Skew  Kurt Thresho Id
TiO, 89 0.63 3.09 1.04 0.92 0.39 0.15 0.38 3.61 16.05 1.8
MnO 89 0.03 0.20 0.13 0.13 0.03 0.00 0.25 -0.23 0.12 0.2
Fe,O; 89 3.03 17.75 8.72 8.64 2.09 4.37 0.24 1.46 5.57 13
Sc 89 6.00 30.00 19.58 20.00 3.91 15.29 0.20 -0.49 1.08 27
V 89 41.00] 226.00] 130.29]  134.00 30.88]  953.39 0.24 -0.06 1.01 192
Cr 89| 188.00] 702.00] 351.94] 292.00] 133.37| 17786.39 0.38 1.03 0.02 619
Co 89 8.00 49.00 29.36 28.00 8.17 66.73 0.28 -0.01 -0.21 46
Ni 89 43.00]  190.00]  100.44 91.00 34.02| 1157.59 0.34 34.02 -0.35 168
Cu 89 26.00 98.00 54.33 52.00 14.28]  204.04 0.26 0.68 1.22 83
Zn 89 23.00]  123.00 46.97 45.00 12.62|  159.37 0.27 2.72 14.53 72
As 78 2.00 47.00 14.36 12.00 9.41 88.54 0.66 1.55 3.01 33
Rb 89 28.00 98.00 63.83 65.00 15.14|  229.30 0.24 -0.26 -0.15 94
Sr 89 19.00 98.00 30.91 29.00 10.98]  120.61 0.36 3.55 17.27 53
Y 89 14.00 34.00 21.62 21.00 4.13 17.06 0.19 0.55 0.01 30
Zr 89|  208.00] 1157.00]  406.67| 353.00]  184.19| 33925.97 0.45 2.28 6.18 775
Nb 89 12.00 27.00 17.98 18.00 2.82 7.98 0.16 0.98 2.00 24
Ba 89| 183.00]  482.00] 287.40]  280.00 56.57| 3199.68 0.20 0.73 0.89 401
W 89 5.00 12.00 7.82 8.00 1.44 2.08 0.18 0.25 -0.36 11
Pb 45 1.00 12.00 5.09 4.00 2.91 8.49 0.57 0.68 -0.32 11
Th 89 4.00 19.00 13.47 14.00 2.68 7.21 0.20 -1.23 2.56 19
U 0

Table A- 34: Summary statistics of the Hekpoort For mation log-tr ansfor med data set.

Element N Min Max Mean Median $t. Dev \ar av Skew  Kurt Lag Thr eshold
TiO, 89 -0.46 1.13 -0.01 -0.08 0.27 0.08] -26.77 1.93 5.71 1.8
MnO 89 -3.51 -1.61 -2.07 -2.04 0.29 0.08 -0.14 -1.66 5.92 0.2
Fe,0; 89 1.11 2.88 2.14 2.16 0.24 0.06 0.11 -0.46 4.72 14
Sc 89 1.79 3.40 2.95 3.00 0.23 0.05 0.08 -1.80 6.54 31
v 89 3.71 5.42 4.84 4.90 0.27 0.07 0.06 -1.27 3.28 223
Cr 89 5.24 6.55 5.80 5.68 0.35 0.12 0.06 0.58 -0.79 703
Co 89 2.08 3.89 3.34 3.33 0.31 0.10 0.09 -1.09 2.26 55
Ni 89 3.76 5.25 4.55 4.51 0.33 0.11 0.07 0.07 -0.51 196
Cu 89 3.26 4.58 3.96 3.95 0.27 0.07 0.07 -0.29 0.54 93
Zn 89 3.14 4.81 3.82 3.81 0.24 0.06 0.06 0.56 3.50 75
As 78 0.69 3.85 2.46 2.48 0.66 0.44 0.27 -0.31 0.11 55
Rb 89 3.33 4.58 4.12 4.17 0.26 0.07 0.06 -0.95 0.78 109
Sr 89 2.94 4.58 3.39 3.37 0.27 0.07 0.08 1.72 4.90 52
Y 89 2.64 3.53 3.06 3.04 0.19 0.04 0.06 0.11 -0.44 32
zr 89 5.34 7.05 5.93 5.87 0.36 0.13 0.06 1.05 1.21 833
Nb 89 2.48 3.30 2.88 2.89 0.15 0.02 0.05 0.31 1.19 24
Ba 89 5.21 6.18 5.64 5.63 0.19 0.04 0.03 0.13 0.11 422
w 89 1.61 2.48 2.04 2.08 0.19 0.03 0.09 -0.16 -0.47 11
Pb 45 0.00 2.48 1.45 1.39 0.65 0.42 0.45 -0.51 -0.20 19
Th 89 1.39 2.94 2.57 2.64 0.26 0.07 0.10 -2.50 8.21 23
U 0

Table A- 35: Summary statistics of the calcrete and surface limestoneraw data set.

Element N Min Max Mean Median $t. Dev \Mar qv Skew  Kurt Thresho Id
TiO, 2430 0.13 2.92 1.03 1.02 0.29 0.09 0.28 0.69 2.22 1.6
MnO 2430 0.02 1.48 0.19 0.12 0.18 0.03 0.94 2.46 8.18 0.5
Fe,0; 2430 0.51 10.83 4.07 3.91 1.35 1.82 0.33 0.74 1.55 7
Sc 2428 1.00 49.00 13.44 13.00 4.47 19.99 0.33 1.68 9.96 22
v 2423 1.00] 194.00 54.45 51.00 26.58| 706.73 0.49 1.09 1.95 108
Cr 2408 1.00]  575.00 95.07 93.00 46.57| 2169.02 0.49 1.48 7.66 188
Co 2430 3.00 51.00 13.32 13.00 3.48 12.12 0.26 212 10.62 20
Ni 2430 8.00] 157.00 38.14 35.00 16.39|  268.48 0.43 16.39 4.21 71
Cu 2423 1.00 97.00 25.56 24.00 10.39| 107.98 0.41 1.24 4.19 46
Zn 2430 10.00]  731.00 49.01 48.00 22.09| 487.88 0.45 15.65|  425.66 93
As 2277 1.00 89.00 17.42 16.00 10.89]  118.59 0.63 1.90 6.35 39
Rb 2430 21.00]  132.00 72.75 74.00 16.18] 261.71 0.22 -0.12 0.89 105
Sr 2430 20.00| 1115.00 72.10 61.00 48.59| 2360.52 0.67 7.75] 11127 169
Y 2430 4.00 42.00 23.16 24.00 4.79 22.96 0.21 -0.64 1.15 33
Zr 2430 69.00] 3137.00] 845.35| 818.00| 310.25| 96254.94 0.37 0.89 235 1466
Nb 2430 11.00 39.00 20.33 20.00 2.86 8.20 0.14 0.47 1.50 26
Ba 2429 17.00] 883.00] 343.97] 345.00] 106.01] 11239.03 0.31 0.45 1.96 556
w 2412 1.00 36.00 8.96 9.00 247 6.08 0.28 0.70 7.08 14
Pb 1966 1.00 70.00 5.31 4.00 4.09 16.74 0.77 3.61 37.02 13
Th 2429 3.00 24.00 14.06 14.00 1.75 3.06 0.12 0.57 3.25 18
U 128 1.00 10.00 2.35 2.00 1.89 3.58 0.81 1.90 3.50 6
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Table A- 36: Summary statistics of the calcrete and surface limestone log-tr ansfor med data set.

Element N Min Max Mean Median $t. Dev Vjar av Skew  Kurt Lag Thr _eshold

TiO, 2430 -2.04 1.07 -0.01 0.02 0.31 0.09]  -33.90 -1.07 4.66 1.9
MnO 2430 -3.91 0.39 -1.96 2.12 0.73 0.54 -0.37 0.61 -0.14 0.8
Fe,03 2430 -0.67 2.38 1.34 1.36 0.36 0.13 0.27 -0.95 3.12 8
Sc 2428 0.00 3.89 2.54 2.56 0.39 0.15 0.15 -2.40 13.15 30
v 2423 0.00 5.27 3.87 3.93 0.53 0.28 0.14 -0.90 3.12 160
Cr 2408 0.00 6.35 4.42 453 0.58 0.34 0.13 -1.60 6.24 314
Co 2430 1.10 3.93 2.56 2.56 0.23 0.05 0.09 0.59 1.95 21
Ni 2430 2.08 5.06 3.55 3.56 0.43 0.18 0.12 -0.25 0.39 90
Cu 2423 0.00 4.57 3.16 3.18 0.42 0.18 0.13 -0.80 3.42 60
Zn 2430 2.30 6.59 3.84 3.87 0.30 0.09 0.08 0.10 6.21 90
As 2277 0.00 4.49 2.66 277 0.69 0.48 0.26 -1.05 2.34 72
Rb 2430 3.04 4.88 4.26 4.30 0.25 0.06 0.06 -1.17 2.37 120
Sr 2430 3.00 7.02 4.18 411 0.40 0.16 0.10 1.35 455 158
Y 2430 1.39 3.74 3.12 3.18 0.25 0.06 0.08 -1.83 5.48 38
zr 2430 4.23 8.05 6.67 6.71 0.39 0.15 0.06 -0.84 2.88 1863
Nb 2430 2.40 3.66 3.00 3.00 0.14 0.02 0.05 -0.16 0.94 27
Ba 2429 2.83 6.78 5.78 5.84 0.36 0.13 0.06 -1.71 7.22 716
w 2412 0.00 3.58 2.15 2.20 0.32 0.10 0.15 -1.78 8.09 17
Pb 1966 0.00 4.25 1.42 1.39 0.73 0.54 0.52 -0.27 -0.26 23
Th 2429 1.10 3.18 2.64 2.64 0.13 0.02 0.05 -0.78 10.66 18
U 128 0.00 2.30 0.62 0.69 0.66 0.43 1.07 071 -0.54 9

Table A- 37: Summary statistics of the Gordonia For mation raw data set.

Element N Min Max Mean Median $t. Dev \Mar qv Skew  Kurt Thresho Id
TiO, 10347 0.15 4.18 1.23 1.21 0.28 0.08 0.23 0.62 3.62 1.8
MnO 10347 0.01 277 0.09 0.06 0.10 0.01 1.11 6.88 97.22 0.3
Fe,0; 10346 0.35 18.72 3.63 3.36 1.40 1.95 0.38 1.59 5.31 6
Sc 10295 1.00 44.00 11.86 12.00 3.43 11.75 0.29 0.46 4.17 19
vV 10331 1.00]  305.00 49.35 45.00 25.42|  646.02 0.52 1.46 4.09 100
Cr 10310 1.00]  761.00 78.51 68.00 47.57| 2262.60 0.61 4.15 34.94 174
Co 10341 1.00 36.00 11.71 11.00 3.56 12.65 0.30 1.93 5.69 19
Ni 10347 5.00]  298.00 32.55 28.00 18.43| 339.72 0.57 18.43 32.75 69
Cu 10343 3.00] 397.00 19.62 17.00 11.32| 128.05 0.58 572| 12741 42
Zn 10346 2.00]  894.00 34.27 33.00 20.53]  421.62 0.60 16.88]  624.03 75
As 8485 1.00 97.00 10.13 9.00 7.38 54.41 0.73 2.29 12.09 25
Rb 10346 22.00]  154.00 72.88 74.00 13.23] 175.08 0.18 -0.30 2.03 99
Sr 10347 18.00]  582.00 60.69 51.00 32.21] 1037.28 0.53 4.20 35.07 125
Y 10347 6.00 60.00 26.42 26.00 5.67 32.18 0.21 0.01 2.00 38
Zr 10347 45.00] 4196.00] 1154.13] 1163.00]  364.80/133080.72 0.32 0.38 1.93 1884
Nb 10347 12.00 47.00 22.62 23.00 3.03 9.19 0.13 -0.03 1.06 29
Ba 10340 10.00] 1305.00] 336.44] 338.00 84.54] 7146.70 0.25 0.22 5.35 506
w 10335 1.00 53.00 10.89 11.00 2.60 6.74 0.24 1.23 14.60 16
Pb 6650 1.00 72.00 4.24 4.00 3.58 12.84 0.84 5.42 67.44 11
Th 10344 1.00 39.00 14.52 14.00 1.88 3.54 0.13 0.10 5.42 18
U 484 1.00 8.00 1.56 1.00 0.86 0.75 0.55 3.10 16.63 3
Table A- 38: Summary statistics of the Gordonia For mation log-tr ansfor med data set.

Element N Min Max Mean Median $t. Dev \Mar qv Skew  Kprt Lag Thr _eshold
TiO, 10347 -1.90 1.43 0.18 0.19 0.24 0.06 1.31 -0.95 4.72 2.0
MnO 10347 -4.61 1.02 -2.68 -2.81 0.67 0.44 -0.25 0.90 1.03 0.3
Fe,0; 10346 -1.05 2.93 1.22 1.21 0.37 0.14 0.30 -0.18 1.51 8
Sc 10295 0.00 3.78 2.42 2.48 0.37 0.13 0.15 251 11.97 25
vV 10331 0.00 5.72 3.77 3.81 0.54 0.29 0.14 -0.86 3.33 148
Cr 10310 0.00 6.63 4.23 4.22 0.54 0.29 0.13 -1.00 7.38 231
Co 10341 0.00 3.58 2.42 2.40 0.27 0.07 0.11 0.47 2.90 20
Ni 10347 1.61 5.70 3.38 3.33 0.44 0.19 0.13 0.54 1.48 77
Cu 10343 1.10 5.98 2.87 2.83 0.44 0.20 0.15 0.64 1.04 a7
Zn 10346 0.69 6.80 3.43 3.50 0.46 0.21 0.13 -0.19 1.09 85
As 8485 0.00 4.57 2.05 2.20 0.80 0.64 0.39 0.71 0.41 53
Rb 10346 3.09 5.04 4.27 4.30 0.20 0.04 0.05 151 4.60 110
Sr 10347 2.89 6.37 4.02 3.93 0.39 0.15 0.10 1.07 2.19 130
Y 10347 1.79 4.09 3.25 3.26 0.24 0.06 0.07 -1.51 5.12 43
Zr 10347 3.81 8.34 6.99 7.06 0.36 0.13 0.05 -1.13 2.73 2383
Nb 10347 2.48 3.85 3.11 3.14 0.14 0.02 0.04 -0.57 0.81 30
Ba 10340 2.30 7.17 5.78 5.82 0.32 0.10 0.06 2.79 15.61 643
W 10335 0.00 3.97 2.36 2.40 0.25 0.06 0.10 -0.85 4.47 18
Pb 6650 0.00 4.28 1.19 1.39 0.72 0.52 0.61 -0.09 -0.40 18
Th 10344 0.00 3.66 2.67 2.64 0.14 0.02 0.05 -2.99 42.04 19
U 484 0.00 2.48 0.34 0.00 0.44 0.19 1.28 1.08 1.19 4
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Table A- 39: Summary dtatistics of the undifferentiated aeolian sand raw data set.

Element N Min Max Mean Median $t. Dev Var qv Skew  Kurt Thresho Id

TiO, 5008 0.13 2.92 0.94 0.92 0.23 0.05 0.24 1.33 5.96 1.4

MnO 5008 0.01 1.48 0.10 0.09 0.06 0.00 0.64 6.21 90.32 0.2
Fe,0; 5008 0.50 21.79 4.65 443 1.85 3.42 0.40 1.30 4.89 8

Sc 5005 1.00 49.00 12.81 13.00 4.34 18.82 0.34 0.94 4.29 21

vV 5001 1.00] 321.00 66.83 63.00 30.83| 950.22 0.46 0.96 2.50 128

Cr 4986 1.00] 2676.00] 148.73] 111.00] 173.40| 30067.71 1.17 6.19 53.96 496

Co 5006 2.00 79.00 15.98 15.00 6.46 41.72 0.40 2.86 15.05 29

Ni 5006 8.00]  706.00 54.29 46.00 43.73| 1912.40 0.81 43.73 46.53 142

Cu 5002 1.00] 177.00 28.92 27.00 13.06] 170.62 0.45 1.69 8.26 55

Zn 5008 10.00|  731.00 46.58 44.00 22.24] 49452 0.48 14.90] 398.08 91

As 4874 1.00] 144.00 15.68 14.00 9.27 85.93 0.59 3.48 26.71 34

Rb 5008 21.00] 171.00 79.54 79.00 19.95| 397.87 0.25 0.28 0.77 119

Sr 5006 9.00]  710.00 61.95 54.00 41.49| 172111 0.67 4.44 37.25 145

Y 5006 4.00 80.00 25.57 25.00 6.10 37.19 0.24 1.21 6.38 38

Zr 5008 69.00] 3137.00] 759.04]| 746.00] 293.69| 86252.71 0.39 1.06 3.73 1346

Nb 5007 3.00] 101.00 19.67 20.00 2.96 8.73 0.15 4.37] 11615 26

Ba 5007 10.00] 1651.00] 330.87| 331.00 97.96] 9595.61 0.30 1.03 9.57 527

w 4989 1.00 36.00 9.67 9.00 278 7.73 0.29 0.66 2.71 15

Pb 3821 1.00] 177.00 5.53 5.00 6.19 38.28 1.12 13.44] 30051 18

Th 4990 1.00 30.00 14.42 14.00 218 4.75 0.15 -0.28 4.34 19

U 601 1.00 13.00 1.72 1.00 1.21 1.47 0.71 3.50 19.65 4
Table A- 40: Summary statistics of the undifferentiated aeolian sand log-transfor med data set.
Element N Min Max Mean Median $t. Dev Var av Skew  Kurt Lgg Thr _eshold
TiO, 5008 -2.04 1.07 -0.09 -0.08 0.24 0.06 -2.68 -0.73 6.41 15
MnO 5008 -4.61 0.39 -2.43 -2.41 0.50 0.25 -0.21 0.12 0.86 0.3
Fe,0, 5008 -0.69 3.08 1.46 1.49 0.40 0.16 0.28 -0.48 1.30 10
Sc 5005 0.00 3.89 2.49 2.56 0.38 0.15 0.15 -1.61 7.45 28
vV 5001 0.00 5.77 4.09 4.14 0.51 0.26 0.13 -0.93 2.74 189
Cr 4986 0.00 7.89 4.72 471 0.70 0.49 0.15 0.17 3.30 581
Co 5006 0.69 4.37 271 271 0.34 0.11 0.12 0.58 212 31
Ni 5006 2.08 6.56 3.82 3.83 0.56 0.31 0.15 0.45 1.38 162
Cu 5002 0.00 5.18 3.27 3.30 0.44 0.20 0.14 -0.32 1.13 70
Zn 5008 2.30 6.59 3.79 3.78 0.31 0.10 0.08 0.48 491 87
As 4874 0.00 4.97 2.60 2.64 0.58 0.34 0.22 -1.01 3.51 51
Rb 5008 3.04 5.14 4.34 4.37 0.27 0.07 0.06 -0.79 1.52 137
Sr 5008 2.20 6.57 3.99 3.99 0.50 0.25 0.13 0.49 0.98 167
Y 5006 1.39 4.38 3.21 3.22 0.25 0.06 0.08 -0.95 5.85 42
zr 5008 4.23 8.05 6.56 6.61 0.41 0.16 0.06 -0.60 1.18 1719
Nb 5007 1.10 4.62 2.97 3.00 0.15 0.02 0.05 -1.27 18.26 26
Ba 5007 2.30 7.41 5.75 5.80 0.33 0.11 0.06 -1.61 8.13 649
w 4989 0.00 3.58 2.23 2.20 0.30 0.09 0.14 -0.74 3.10 18
Pb 3821 0.00 5.18 1.44 1.61 0.74 0.55 0.52 -0.16 0.24 24
Th 4990 0.00 3.40 2.65 2.64 0.18 0.03 0.07 -3.36 31.63 21
U 601 0.00 2.56 0.39 0.00 0.50 0.25 1.28 1.09 0.72 5
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Table A- 41. Abundance of elementsin average crustal rocks (source: Roseet al.,
1979; Mookherjee, 1992).

Element | Abundance (ppm)

As 5
Ba 580
Co 25
Cr 200
Cu 50
Fe 50000
Mn 1000
Nb 20
Ni 80
Pb 13
Rb 150
Sc 13
Sr 300
Th 12
Ti 4400
U 2.5
Vv 150
W 69
Y 70
Zn 80
Zr 150
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APPENDIX 2: CORRELATION MATRIX OF THE ELEMENTSIN THE LITHOLOGICAL GROUPS

Table A- 42: Correlation matrix of the elements on the Amphibolites Basement.

TiO, MnO Fe0s;  |Sc V Cr Co Ni Cu Zn As Rb S Zr Nb Ba W Pb Th ]
TiO, 1.00
MnO 0.27 1.0
Fe,03 0.42 0.7 1.0p
Sc 0.50 0.74] 0.90 1.09
\ 0.3§ 0.75 0.93 0.85 1.09
Cr 0.19 0.53 0.59 0.55 0.55 1.00
Co 0.3§ 0.84] 0.82 0.78 0.78 0.62 1.00
Ni 0.29 0.64] 0.75 0.68 0.66 0.86 0.78 1.00
Cu 0.2§ 0.72 0.90 0.80 0.86 051 0.78 0.69 1.00
Zn 0.20 0.63 0.63 0.62 0.53 0.29 0.51 0.43 0.58 1.00
As -0.20 0.2 0.28 0.27 0.32 0.38 0]32 0.40 .31 D.24 1.00
Rb -0.06 -0.1 -0.0B -0.13 -0.12 -0.20 -0{15 -0.09 -0.06 -p.05 0.1§ 1.0
S -0.20 -0.17% -0.11L -0.13 -0.15 -0.16 -012 -0.10 -0.05 -p.07 0.17 0.3% 1.0
Y 0.44 0.37 0.4y 0.41 0.39 0.p4 0J31 0.20 .37 D.32 10.22 0.30_00] 1.04
Zr 0.47 -0.41 -0.4p -0.23 -0.39 -0.24 -0{37 -0.37 -0.44 -p.39 460 -0.0§ -0.0. 0.02 1.00
Nb 0.67 -0.06 0.0 0.1 -0.08 -0.23 -0.p8 -0{17 -0.14 .01 -p.55 0.11-0.17 0.4 0.60 1.09
Ba 0.01 -0.12 -0.0¢ -0.70 -0.10 -0.18 -0{07 -0.09 -0.03 -p.09 .200 0.66 0.69 0.27 0.0 0.0y 1.do
W 0.29 -0.0 -0.1p -0.98 -0.10 -0.18 -0{09 -0.20 -0.20 .05  3|0.0 -0.3§ -0.3 -0.0f7 0.10 0.26 -0.B5 1/00
Pb -0.17 -0.0§ -0.0p 0.1 -0.06 -0.01 -0/04 -0.07 -0.04 .13  7/0.0 0.57 0.33 0.1 -0.1p -0.12 0.45 -0.24 1,00
Th 0.07 -0.31 -0.2p -0.18 -0.31 -0.86 -0{29 -0.27 -0.25 -p.21 .330 0.54 0.2 0.19 0.25 0.0 047 -0117 Q.39 1.00
] -0.19 -0.31 -0.3p -0.31 -0.30 -0.80 -0{32 -0.27 -0.27 -p.15 0.19 0.3 0.3p -0.13 0.12 -0.p4 0J26 -0.12 .08 D.23

1.00
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Table A- 43: Correlation matrix of the elements on the Kraaipan Group.

TiO; MnO Fe,03 Sc \ Cr Co Ni Cu Zn As Rb Sr Y Zr Nb Ba W Pb Th
TiO, 1.00
MnO 0.33 1.0
Fe,05 0.35 0.75 1.00
Sc 0.45 0.86] 0.85] 1.00
\ 0.38 0.83] 0.67] 0.89) 1.00
Cr 0.1§ 0.4 0.64] 0.52] 0.29 1.0
Co 0.09 0.65] 0.30 0.61] 0.63] 0.42 1.0
Ni 0.01) 0.62] 0.68| 0.60) 0.44 0.87] 0.62] 1.09
Cu 0.17 0.70] 0.55] 0.73] 0.75] 0.29 0.73] 0.55] 1.00
Zn 0.13 0.3 0.53] 0.54] 0.41) 0.51] 0.48 0.58] 0.51] 1.00
As -0.44 -0.1% -0.4p -0.15 0.05 -0.61 0[14 -0.29 Q.16 -p.08 1.00
Rb -0.41) -0.2 -0.4p -0.39 -0.27 -0.87 -0{13 -0.26 -0.23 P.00  330. 1.0
Sr 0.02 0.24 0.0¢ 0.21 0.20 -0.p4 0[36 0.09 .43 D.23 0.24 0.04 00| 1.
Y 0.22 0.3% -0.01L 0.27 0.39 -0.07 0[32 -0.07 (.28 D.06 0.25 0.38 0.17 1.0
Zr 0.39 -0.44 -0.4p -0.39 -0.40 -0.21 -0/41 -0.51 -0.45 -p.41  .290 0.11 0.01 0.05 1.00
Nb 0.15 -0.4 -0.68 -0.92 -0.44 -0.45 -025 -0.59 -0.49 -p.45  05)0. 0.37 -0.13 0.41 0.68| 1.00
Ba 0.33 0.41 0.3p 0.39 0.36 0.p6 0[18 0.12 .24 D.24 {0.01 0.30 50[0. 0.4] 0.04 -0.06 1.qo
W 0.34 -0.1. 0.0y -0.d6 0.00 0.p5 -023 -0.07 -0.24 -p.07 10.24-0.33 -0.5] -0.2p 0.09 0.07 -0.p9 1]J00
Pb -0.02 0.0 -0.2¢4 -0.d6 0.09 -0.p2 -0J02 -0.23 -0.39 -p.50  170. 0.0] -0.2 0.16 0.32 0.85 -0J06 0105 1.00
Th -0.2§ -0.23 -0.68 -0.29 -O.¢9 -0.49 0[26 -0.39 -0.01 -p.25 0.59 0.53 0.2 0.58] 0.16 0.58] 0.1 -0.4 0.2p 1.4Jo
Table A- 44: Correlation matrix of the elements on K anye For mation.
TiO, MnO |Fe0O; |Sc \ Cr Co Ni Cu Zn As Rb Sr Y Zr Nb Ba W Pb Th U
TiO, 1.00
MnO 0.12 1.0
Fe,0; 0.47 059 1.0
Sc 0.52| 0.50 0.88] 1.00
\ 0.56| 0.45 0.74] 0.73 1.00
Cr 0.45 0.4 0.66] 0.69 0.81] 1.00
Co 0.4 0.69 0.73] 0.69 0.77] 0.68 1.00
Ni 0.48 0.53 0.71] 0.77 0.85] 0.88 0.76 1.00
Cu 0.39 0.44 0.67] 0.76 0.73] 0.64 0.71 0.81 1.00
Zn 0.00 0.3 0.4p 0.44 0.11 0.p5 0[25 0.21 0.53 1.00
As -0.21) 0.13 0.0p 0.21 0.10 0.p5 0{20 0.18 .38 D.35 1.00
Rb 0.34 0.1 0.59 0.54 0.20 0.17 0.3p 0.26 0.27 0.B9 -0j11 1.00
Sr 0.0 0.04 0.1y 0.15 -0.09 -0.p9 -0/05 -0.04 .20 D.28 0.02 21{0. 1.0(
Y 0.1 -0.09 0.2p 0.19 -0.15 -0.18 0/03 -0.07 .02 D.29 0.13 0.73 0.22 1.0
Zr 0.2§ -0.3] -0.48 -0.40 -0.27 -0.19 -0/31 -0.35 -0.48 -0.49 430 -0.39 -0.0y -0.04 1.00
Nb 0.1 -0.3 -0.0p -0.03 -0.23 -0.19 -0/17 -0.23 -0.30 -0.15 .210 0.49 0.1 0.67 0.27 1.p0
Ba 0.04 0.2 0.4D 0.29 -0.14 -0.16 0[10 -0.08 .08 D.47 0.07 0.61 0.51 0.57 -0.30 0.21 1.0
W -0.06 -0.2§ -0.3p -0.22 -0.27 -0.p4 -0J23 -0.35 -0.29 -0.19 .200 -0.1§ -0.18 0.1 0.17 0.18 0,04 1100
Pb 0.21] 0.15 0.1y 0.13 -0.04 0.p1 0[14 0.02 .12 D.28 0.31 0.29 .23 0 0.3§ 0.18 0.08 0.39 -0.08 1/00
Th 0.10 -0.14 -0.11 -0.01 -0.13 0.p4 -0/18 -0.02 -0.23 -0.31  30{0. 0.27 0.14 0.3 0.21  0.60 0.0§ 0.1 -0.01L 1.4o
U -0.18 -0.38 -0.31L -0.33 -0.49 -0.B9 -0/41 -0.37 -0.44 -0.12 0.33 0.1 0.1 0.31 0.17 0.B3 0[19 0.04 .06 0.50 1.00
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Table A- 45: Correlation matrix of the elements on the Gaborone Granite.

TiO, MnO Fe,03 [Sc \% Cr Co Ni Cu Zn As Rb Sr Y Zr Nb Ba W Pb Th U
TiO, 1.00
MnO 0.14 1.0
Fe,0, 0.59) 0.68| 1.04
S 0.51 0.67 0.90 1.0
V 0.49 0.53 0.77 0.76] 1.00
Cr 0.12 0.53 0.59 0.66 0.65 1.00
Co 0.38 0.74 0.78 0.77 0.81 0.72 1.00
Ni 0.22 0.67 0.72 0.77 0.78 0.94 0.84 1.00
Cu 0.47, 0.65 0.82 0.82 0.83 0.56 0.84 0.74 1.00
Zn 0.30 0.26 0.4p 0.41 0.24 0.18 030 0.22 .38 L.00
As -0.34 0.21 0.0p 0.22 0.17 0.51 0[23 0.37 .26 -p.16 1.00
Rb -0.06 -0.42 -0.2B -0.34 -0.32 -0.40 -0/41 -0.42 -0.33 -p.04 0.27 1.0
S 0.35 0.24 0.3f 0.42 0.41 0.p3 047 0.30 0.52 0.62 -0.03 -0.14 1.0
Y -0.28 -0.14 -0.2p -0.24 -0.41 -0.B5 -0/43 -0.36 -0.31 .11 .120 054 -0.18 1.0
Zr 0.09 -0.53 -0.4p -0.33 -0.40 -0.B3 -0/52 -0.49 -0.51 .01 520. 0.2§ -0.21 0.28 1.0
Nb -0.14 -0.54 -0.5L -0.91 -0.49 -0.42 -0/63 -0.54 -0.61 -p.17 0.32 0.72 -0.3¢ 0.61 0.62 1.00
Ba 0.58 0.50 0.71 0.62 0.33 0.22 0.4y 0.33 053 0.43 -0.1 -0.20 0.44 -0.19 -0.B3 -0/51 1.00
W -0.38 -0.36 -0.4p -0.44 -0.58 -0.p1 -0/56 -0.40 -0.49 -p.24 160 0.04 -0.48 0.29 0.23 0.P5 -032 1/00
Pb -0.26 0.0 -0.1B -0.09 -0.23 -0.p8 -0{13 -0.12 -0.20 D.34 140. 0.24 0.11 0.36 0.05 0.p7 -0p1 001 1.00
Th -0.45 -0.3% -0.4p -0.41 -0.39 -0.19 -0/43 -0.26 -0.39 -p.32 .250 0.3% -0.38 0.54 0.04 0.56 -0.52 0.4 0.0y 1.do
U -0.42 -0.53 -0.5p -0.58 -0.54 -0.43 -0/54 -0.52 -0.49 -p.37 0.04 0.44 -0.3D 0.44 0.27 057 -0.58 0.3 -0.0y 0.70 1.00
Table A- 46: Correlation matrix of the elements on the Dominion Group.
TiO, MnO Fe,0; |Sc \ Cr Co Ni Cu Zn As Rb S Y Zr Nb Ba W Pb Th
TiO, 1.00
MnO -0.08 1.0
Fe,03 -0.16 0.69 1.00
Sc 0.14 0.64 0.85 1.00
\ -0.23 0.65 0.88 0.74 1.0
Cr -0.02 0.57 0.78 0.74 0.77 1.09
Co -0.07| 0.75 0.75 0.70 0.81 0.72 1.00
Ni -0.13 0.65 0.85 0.79 0.80 0.86 0.81 1.00
Cu -0.13 0.65 0.89 0.78 0.87 0.76 0.83 0.87 1.00
Zn -0.04 0.31 0.37 0.33 0.25 0.p5 0,31 0.29 (.38 L.00
As -0.28 0.4¢ 0.4p 0.48 0.39 0.82 0,36 0.35 Q.40 D.28 1.00
Rb -0.10 0.24 0.3p 0.27 0.11 0.p5 0/01 012 Q.22 D.20 0.06 1.00
Sr -0.14 0.4% 0.42 0.37 0.37 0.B5 0/45 0.43 0.50 0.83 0.26 0.14 1.0p
Y 0.03 0.0§% 0.08 0.08 -0.16 -0.12 -0J20 -0.10 -0.05 D.17 10.07 0.67 0.10 1.0
Zr 0.68 -0.54 -0.64 -0.40 -0.68 -0.43 -0.p3 -0J52 -0.60 -0.26 -p.61 0.19 -0.31 0.1p 1.00
Nb 0.54 -0.31 -0.37 -0.18 -0.58 -0.38 -0.p0 -0j43 -0.42 -0.02 -0.28 .310 -0.14 0.67 0.69 1.00
Ba 0.17] 0.24 0.1p 0.18 -0.07 -0.p7 0)04 0.02 (.08 .39 0.01 0.65 0.37] 0.61 0.04 0.47 1.0p
W 0.38 -0.2 -0.26 -0.03 -0.27 -0.11 -0]25 -0.15 -0.21 -p.16  020. -0.17 -0.19 0.0p 0.42 0.34 008 1100
Pb -0.06 0.3¢ 0.28 0.25 0.16 0.p9 0/20 Q.17 (.23 0.60 0.31 0.14 0.48 0.13 -0.32 -0.05 0/39 -0.10 1.00
Th 0.34 -0.0§ -0.06 0.08 -0.19 -0.11 -0)27 -0.15 -0.16 -p.18 2|0.0 0.31 -0.2 0.4p 0.24 0.%3 0.p5 0]26 -0.12 .00
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Table A- 47: Correlation matrix of the elements on the Hospital Hill Subgroup.

TiO, MnO Fe,0; |Sc \% Cr Co Ni Cu Zn As Rb Sr Y Zr Nb Ba W Pb Th U
TiO, 1.00
MnO 0.22 1.0
Fe, 05 0.15 0.56) 1.0Q
Sc 0.49 0.60 0.71 1.00
\ 0.1 053 0.46 0.59 1.00
Cr 0.12 0.1% 0.2b 0.40 0.34 1.p0
Co 0.19 0.3§ -0.28 0.12 0.49 0.p7 1,00
Ni 0.16 0.4 0.2¢ 054 0.63 0.66 0.59 1.09
Cu 0.25 0.3§ 0.08 045 0.69 0.35 0.73 0.78 1.00
Zn 0.24 0.3 0.1p 040 0.50 0.03 0.4 0.4y 052 1.00
As -0.20 -0.1 -0.5p -0.11 -0.11 0.p7 0[23 0.17 .23 D.12 1.00
Rb 0.35 -0.0§ -0.28 0.12 0.26 0.6 0.51] 0.40 0.53 0.45 0.2] 1.0p
Sr 0.10 0.4 0.1p 0.36 0.47 -0.p9 0/44 0.32 48 D.33 0.00 0.04 00| 1.
Y 0.50 0.05 -0.2 0.2 0.16 0.13 0.36 0]27 0.37 .50 .19 0.63 0.06 1.0
Zr 0.69 -0.08 0.0 0.06 -0.37 -0.15 -0.p0 -0{35 -0.28 -0.22 -p.37  060. -0.17 0.14 1.00
Nb 0.57| -0.29 -0.44 -0.08 -0.32 -0.10 0.p3 -0{14 -0.05 .22 .27 0.40-0.15 0.70) 0.51] 1.0Q
Ba 0.59 0.53 0.37] 0.65 0.55 0.07] 0.2 0.3p 0.44 0.38 -0.13 044 0.38 .39 D.13 0.17 1.00
W 0.11) -0.1 -0.08 0.12 -0.21 -0.p3 -0{25 -0.19 -0.19 -0.28  9|0.3 -0.2¢ -0.24 -0.1B 0.18 0.20 013 1{00
Pb 0.04 0.23 -0.0p 0.34 0.20 -0.L.0 0]25 0.18 21 D.32 0.29 0.150.50 0.23 -0.1] 0.1p 0.22 0.06 1.p0
Th 0.35 -0.2 -0.5p 0.01 -0.29 -0.p9 0]13 -0.01 A1 .15 052 0.3§ -0.0 057 0.24 0.76 0.00 0.24 0.2 100
U -0.25 -0.1 -0.1f -0.30 -0.22 -0.5 -0/08 -0.24 -0.19 -0.19 .030 -0.11 -0.08 -0.06 -0.03 0.p3 -027 -0]10 Q.15 14 1.00

Table A- 48: Correlation matrix of the elements on the Klipperiviersberg Group.

TiOz MnO Fe,03 Sc v Cr Co Ni Cu Zn As Rb Sr Y Zr Nb Ba W Pb Th U
TiO 1.00
MnO -0.02 1.0
Fe,03 0.07] 0.51] 1.00
Sc 0.23 0.4 0.88] 1.00
Vi 0.10 0.44 0.83] 0.72 1.00
Cr -0.13 0.2 0.57| 0.56 0.36 1.0
Co 0.1§ 0.57| 0.60) 0.58 0.52 0.42 1.0
Ni -0.06 0.4 0.84 0.79 0.64 0.81] 0.69) 1.0
Cu 0.05 0.4 0.92) 0.81 0.77 0.46 0.57| 0.76 1.0
Zn -0.12 0.5 0.51 0.41) 0.3§ 0.18 0.16 0.32 0.47 1]00
As -0.37] 0.14 0.1p 0.19 0.16 0.p8 -0{08 0,10 23 p.30 1.00
Rb 0.3 0.2 0.64 0.54 0.53 0.14 0.34 0.37 0.60) 0.35 0.04 1.0p
Sr -0.05 -0.1 0.14 0.21 0.13 0.118 0[10 0.21 .28 -p.03 0.11 0.00 1.00
Y 0.56) 0.34 0.3! 0.3p 0.38 -0.05 0.40 0]18 0.34 .19 -p.07 0.63 -0.23 1.0
Zr 0.62| -0.31 -0.5! -0.3p -0.44 -0.31 -0.p2 -0j42 -0.56 -0.42 -p.52 0.24 -0.1§ 0.06 1.do
Nb 0.80| -0.2§5 -0.26 -0.06 -0.20 -0.26 -0.11 -0Jj32 -0.28 -0.28 -p.27 180  -0.1§ 0.44 0.71 1.00
Ba 0.52] 0.17 0.3: 0.38 0.35 0.07 0.8 0J23 0.38 .06 -p.02 0.50 0.37] 0.3! 0.01L 0.29 1.00
W 0.19 -0.2 -0.3p -0.22 -0.26 -0.p2 -0[13 -0.27 -0.34 -p.32 01j0.  -0.2§ -0.17 -0.04 0.41 0.31 -0407 1,00
Pb 0.19 0.1 0.1 0.19 0.11 -0.p3 0[14 0.02 17 D.26 0.28 0.30 02/0. 0.3 -0.1 0.2p 0.25 -0.p7 1,00
Th 053]  -0.29 -0.13 0.04 -0.09 -0.15 0.po -015 -0.11 -0.26 -p.06 10.2 -0.14 0.39 0.37 072 0.21) 0.2 0.2y 1.do
u -0.02 -0.04 -0.0p -0.06 -0.05 -0.p2 -0/06 -0.02 .02 -p.07  0200. 0.1] 0.0 0.1B 0.92 012 -0J01 -0104 q.00 .13 [L.00
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Table A- 49: Correlation matrix of the elements on the Platberg Group.

TiO, MnO Fe,0; |Sc \% Cr Co Ni Cu Zn As Rb Sr Y Zr Nb Ba W Pb Th U
TiO, 1.04
MnO 0.13 1.0
Fe,0, 0.37] 0.70 1.00
Sc 0.51] 0.62] 0.92] 1.0Q
\ 0.35 0.62] 0.92] 0.88] 1.0Q
Cr 0.28 0.4 0.61 0.62 0.62 1.0Q
Co 0.00 0.0 0.04 0.04 0.03 0.p0 1J00
Ni 0.14 0.52] 0.72] 0.62 0.58 0.65 0.07] 1.0
Cu 0.13 0.60) 0.83] 0.71] 0.71] 0.46 0.07 0.81] 1.0Q
Zn 0.05 0.4 0.58] 0.52] 0.47 0.3 0.04 045 054 1.0Q
As -0.70 -0.1] -0.24 -0.26 -0.25 -0.13 -0/01 -0.10 -0.10 D.11 00[1.
Rb -0.19 0.1 0.0]L -0.01 -0.11 0.10 -0/05 -0.05 -0.05 D.06 0.26 .00/1
Sr 0.43 0.2 0.56 0.53 0.53 0.22 0.0 0.3p 0.52 0.35 -0.3 -0.3p 1.00
Y 0.36 0.41 0.45 0.45 0.37 0.p7 -0/01 0.14 .14 D.25 {0.12 0.36 .11J0 1.04
Zr 0.55] -0.36 -0.4 -0.2P -0.42 -0.21 0.p0 -0{35 -0.46 -0.41 -0.46 160 -0.17 -0.11 1.00
Nb 0.63 -0.21 -0.1 -0.08 -0.22 -0.06 -0.p4 -0/26 -0.36 -0.30 -0.39 .080 -0.14 0.40 0.73 1.0Q
Ba 0.61] 0.33 0.63] 0.62] 0.63] 0.35 0.0l 0.3p 0.34 0.37 -0.44 -0{11 0.65] 0.53] -0.12 0.1 1.0
W -0.14 -0.4 -0.50 -0.36 -0.39 -0.28 0/00 -0.37 -0.52 -0.39 260. -0.1( -0.41 -0.19 0.31 0.23 -037 1100
Pb -0.02 0.1 0.2 0.24 0.20 0.3 0[02 0.21 .27 .43 0.05 0.18 07/0. 0.09 -0.19 -0.2[7 0.15 -0.22 1)00
Th 0.16 -0.1 -0.14 -0.02 -0.13 -0.p4 -0/03 -0.19 -0.23 -0.28 .0H0 0.13 -0.21 0.27 0.25 0.60 -0j12 022 -0.38 1.00
9} -0.16 -0.0] -0.11 -0.16 -0.16 -0.p9 -0/02 -0.06 -0.01 0.04 16/0. 0.13 0.01 0.06 -0.05 0.02 -0006 -0{12 -0.05 13 [L.00
Table A- 50: Correlation matrix of the elements on the Allanridge Formation.
TiO, MnO Fe,0; |Sc \ Cr Co Ni Cu Zn As Rb Sr Y Zr Nb Ba W Pb Th U
TiO, 1.00
MnO 0.27] 1.0
Fe,0, 0.4 o068 1.0d
Sc 0.44 0.64] 0.88] 1.00
v 0.3§ 0.66 0.94 0.82 1.0
Cr 0.1 0.2 0.3y 0.41 0.37 1.p0
Co 0.24 0.76 0.76 0.68 0.73 0.24 1.0
Ni 0.3Q 0.63] 0.87| 0.77| 0.80] 0.52 0.75] 1.00
Cu 0.33 0.63 0.92 0.78 0.87 0.21) 0.73 0.81 1.00
Zn 0.0§ 0.4] 0.44 0.40 0.37 0.13 031 0.36 43 .00
As -0.67] -0.1 -0.3D -0.17 -0.27 -0.p4 -0{16 -0.24 -0.28 P.05  00[1.
Rb -0.16 -0.03 -0.1p -0.09 -0.24 0.7 -0{19 -0.26 -0.31 D.07 8/0.3 1.04
Sr 0.38 0.3] 0.54 0.42 0.51 0.02 0.3 0.54 0.59 0.14 -0.54 -0.6L 1.9Jo
Y 0.34 0.4 0.3f 0.45 0.33 0.[18 0/40 0.26 .25 D.24 0.01 0.46 .07-0 1.00
Zr 0.50 -0.33 -0.44 -0.2y -0.47 -0.11 -0.41 -0/44 -0.51 -9.27 -p.33 110 -0.17 0.11 1.00
Nb 0.60 -0.14 -0.2] -0.0p -0.27 0.00 -0.p3 -0{28 -0.33 -0.15 -p.17 350. -0.31 0.4 0.81] 1.00
Ba 0.57] 0.47 0.62] 0.56] 0.56] 0.19 0.44 0.55] 0.58] 0.22 -0.5] -0.1p 0.56] 0.23 -0.07 0.01L 1.0
W -0.29 -0.47 -0.6D -0.50 -0.52 -0.p2 -0{36 -0.54 -0.57 -p.30  .340 0.16 -0.4 -0.09 0.33 0.21 -0/53 1,00
Pb -0.09 0.2] 0.0 0.18 0.04 0.p7 018 0.07 .04 D.30 0.26 0.33 .12-0 0.29 -0.12 0.0R 0.08 -0.p9 100
Th 0.18 -0.0 -0.0f 0.12 -0.08 0.[10 -0/09 -0.11 -0.17 -p.14 0.14 0.3Q -0.2 0.3p 0.47 0.53 -0.07] 0.0 0.18 1.0
U -0.11) 0.07 0.0 0.16 0.02 -0.p1 0/06 0.07 .06 -p.04 0.14 010.1 0.09 -0.08 -0.1p -0.13 -0.05 -0.17 0|07 Qq.17 .00
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Table A- 51: Correlation matrix of the eements on the Black Reef For mation.

Ti0, |MnO |Fe0; |Sc v Cr Co Ni Cu Zn As Rb S Y Zr Nb Ba W Pb Th
TiO, 1.00
MnO -0.17 1.0
Fe,05 0.42 0.2 1.0p
Sc 036 -002 083  1.00
Vv 042 -014 083 080 1.00
Cr -0.01] 017 054 037 053 1.00
Co 055  -00 044 038 041 -of1 _ 1Joo
Ni 03d _ -0.0 0.76]  0.73] 084 062  0.48 1.0
Cu 052 014 o079 o070] o077 02§ o075 075  1.00
Zn 003 -0.3¢ 0.1p 025 046 0p4  -0]22 doo _ 4.00 .00
As 039 01 -0.05 027 006 0po -020  dos  -4.09 b23 [1.00
Rb -0.05 0.3 0.35 046 030 o062 037 0.3 0.0 0d5 042 1.p0
Sr 015 _ -0.34 0.08 0Jd7 041 opo  oP7 o1z 423 b25 032 [0.451.00
Y 0.06 0.3 008 0244 -007 of1 -0jo3 _ o0o7 .01 -p50 {029 44[0. -0.45 1.0
Zr 034 -017 -05p 056 -041 -0h6 o1l -055 Q41 -p23 450 -034 -045 008 140
Nb 0.11] 0.1 03f -057 039 -0opa 038 037 -041  p36 3H0. 02§ -05 058 062 1.0
Ba 042 052 059 0.29 034 047 060 038 046 -02b 038 015 -0p7 o[z3~ 016 -9.09 .00
W 007 _ -04 03l  -002 002 0p2 01 004 -4 b23  0.240.15 034 -03p 049 002 -0.B7 7[00
Pb -0.11] 01f -02b -084 040 -0p9 -olor  -032 -g21 -p22 340 o004 -038 04 o048 087 ojil  -0[39  1.00
Th -0.23 0.1 02p -024 027 ofila 042 014 041 p40 4ol 021 02 036 046 055 022 0.04 -0.2k 1.do

Table A- 52: Correlation matrix of the elements on the Vryburg Formation.

TiO, |MnO |Fe0, |sc v Cr Co Ni Cu Zn As Rb St Y Zr Nb Ba W Pb Th U
TiO, 1.00
MnO 0159 1.0
Fe,05 0.09 0.4 1.0p
Sc 007 034 090 1.00
v 013 032 094 087 1.00
Cr 034 02 045 038 048  1po
Co 018 024 078 077 085 050 1.00
Ni 028 02f 084 077 086 070 086 1.0
Cu 003 021 091 o088 092 037 081 078 _ 1.00
Zn 024 023 o074 o072 o078 o041 o073 o075 073 1.00
As 069 -00 00p 043 040 Ofiz o0 Q17 06 b27  |L00
Rb 0.07] 0.2 01p 005 008 O0Jlo 0joz 020 03 b10 018 |L00
St 038 00 025 038 034 OJ4 0[43 032 35 D37 055 033 1.0
Y 054 005 0.2 02p 046 040 0p9  o0jog 024 0L D44 043 [0.331.00
Zr 075] 029 06 05p 087 047 -0p5 071 062 -0.63 D55 0.0 -05 026 1.0
Nb 080 -020 -04¢ 03p 052 -045 -0pl 03  -049 -0.46 P54 010 -0.54 048 093 _ 1.00
Ba 0.4 0.4 04p 045 047 0p9  o0}43 034 46 b26  J0.35  |0.35 110 0.5] 00f 048 140
W 015 00? ©01p 048 -045 -0p5 -oz21 -018 -0.18 P25 1do 004 024 010 048 obo  o0bs 100
Pb 0.07] 0.0 00p 002 000 -0p2 -0jo3 dor  -0.02 -pol__ [0.02 10[0. -0.04 006 003 -048 -003 00  1j00
Th 029 016 02p 004 -045 0p0 022 -020 021 _ piz 030 014 016 032 046 _0p8 000 002 -4.10 .00
] 026 09 07p 081 o093 100 072 -08f -048 100 -0B5 -0j06 098 -024  0.24 00p 042 000 -0B0  -0j7z 100
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Table A- 53: Correlation matrix of the elements on the Malmani Dolomite Subgroup.

TiO, MnO Fe,0; |Sc V Cr Co Ni Cu Zn As Rb Sr Y Zr Nb Ba W Pb Th U
TiO, 1.00
MnO 0.27, 1.0
Fe,0, 0.45 0.54] 1.04
S 0.63 0.55 0.81] 1.09
V 0.54 0.38 0.54 0.58] 1.00
Cr 0.59 0.30 0.53 0.60] 0.56 1.00
Co 0.20 -0.39 -0.21L 0.90 0.37 0.p5 1]J00
Ni 0.53 0.37 0.68 0.69] 0.58 0.75 0.28 1.0
Cu 0.53 0.1§ 0.53 0.56] 0.48 0.50 0.27, 0.53 1.00
Zn 0.15 0.14 0.2p 0.30 0.10 0.p8 -0J03 0.28 .28 L.00
As -0.18 0.0 0.1p 0.23 -0.17 -0.p6 -0J05 0.15 .08 .17 1.00
Rb 0.68 0.1§ 0.2 0.4p 0.24 0.38 0.13 036 0.34 A2 D.00 1.00
S 0.45 0.44 0.1p 0.52 0.18 0.34 -0.0f 0.25 0.17 0.7 0/09 0.60, 1.00
Y 0.79 0.15 0.2] 0.5p 0.43 0.39 0.p6 0/41 0.36 .05 -p.06 0.84 0.53 1.00
Zr 0.72 0.0§ -0.0 0.1 0.19 0.20 0.0 0/05 0.04 -0.07 -p.31 0.50 0.40Q 0.64 1.00
Nb 0.69 0.07] 0.04 0.3p 0.19 0.27 0.p0 0[22 0.17 -0.18 -p.09 0.69 0.48 0.83 0.71 1.00
Ba 0.44 0.56 0.41 0.51 0.69 0.40Q 0.25 0.4p 0.25 0.05 -0.15 037 0.40 .43 D.28 0.26 1.00
W 0.28 -0.1% 0.0p 0.03 0.27 0.po 0[24 -0.03 .00 -p.12 0.14  0[{0.0 -0.11 0.2 0.4p 0.45 0.13 100
Pb -0.03 -0.06 -0.0f -0.02 -0.06 0.po 0/o0 -0.02 -0.03 0.55] -0.02 -0.0% -0.0p -0.13 -0.06 -0.B2 -0{06 -0.18 1.00
Th 0.29 -0.17 -0.3p 0.90 0.08 0.p5 027 -0.13 -0.05 -p.39 0.31 .38(0 0.3% 0.4 0.41 0.64 0.12 0.1 -0.3¢ 1.do
U -0.05 -0.07 -0.14 0.14 -0.22 -0.p8 -0J03 -0.11 -0.08 .00 90.1 0.07 0.3 0.0p -0.91 0.06 -0.p4 -0{23 Q.07 .20 .00
Table A- 54: Correlation matrix of the elements on the Ghaap Group Dolomite.
TiO, MnO Fe,0; |Sc A% Cr Co Ni Cu Zn As Rb Sr Y Zr Nb Ba W Pb Th U
TiO, 1.00
MnO 0.10Q 1.0
Fe,03 0.26 0.2 1.0p
S 0.15 0.4 0.52 1.00
\ 0.11 0.43 0.74 0.47 1.0
Cr 0.02 0.1 0.4p 0.25 055 1.00
Co -0.21) -0.03 0.3p 0.35 0.47 0.41 1]J00
Ni 0.06 0.14 0.70| 0.4 0.71 0.65 0.67 1.00
Cu -0.03 0.2 0.68 0.41 0.65 0.41] 0.47 0.70 1.00
Zn -0.11) 0.23 0.0¢ 0.14 0.01 -0.p1 -0J07 -0.05 .09 L.00
As -0.72 -0.0! -0.2f 0.25 -0.19 -0.13 0[22 -0.11 -0.07 D.06 1.00
Rb 0.32 0.05 0.52 0.13 0.38 0.28 0.09 056 0.49 -0.07 -0.3p 1.4Jo
S -0.23 0.2§ -0.0[L 0.41 0.13 0.p6 0[29 0.10 .13 .03 0.33 0.091.00
Y 0.59 0.05 0.54 0.2§ 0.37 0.28 0.10 0.48 0.43 -0{21 -0.47 081 -0.09 1.0
Zr 0.93 0.0 0.04 0.0B -0.07 -0.10 -0.B0 -0{13 -0.28 -0.15 -p.66 0.16-0.22 0.44 1.0
Nb 0.84 -0.10 0.1 0.0p -0.06 -0.02 -0.p2 -0J02 -0.12 -0.39 -p.54  3|0.3 -0.24 0.64 0.84 1.00
Ba 0.53 0.43 0.56 0.32 0.58 0.26§ 0.32 0.4D 0.30 -0.06 -0.45 0/44 0.04 0.54 0.41] 0.37 1.0p
W 0.24 0.01 0.0 -0.14 0.06 0.p6 -0/13 0.06 .01 -p.20 0.17  7[0.0 -0.29 0.1 0.21L 0.47 0.16 1,00
Pb -0.08 0.22 0.0p 0.15 0.04 -0.p1 -0J09 -0.02 .03 0.82 0.03 -0.01 -0.01L -0.23 -0.12 -0.45 0Jo0 -0.20 1.00
Th 0.15 -0.1§ -0.2p 0.18 -0.21 -0.p8 -0J02 -0.15 -0.13 -p.38 8/0.1 -0.1Q 0.0 0.1 0.18 0.41 -0f11 0j01 -0.54 .00
U -0.37] -0.36 -0.3p 0.28 -0.48 0.p0 0[26 -0.31 .00 -p.27 0.27 0.34 -0.0% -0.46 -0.48 -0.23 -0.17 -0{17 0.46 .32 1.00
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Table A- 55: Correlation matrix of the elements on the Asbestos Hill Subgroup.

TiO, |MnO |Fe0; |Sc Y Cr Co Ni Cu Zn As Rb S Y Zr Nb Ba W Pb Th
TiO, 1.00)
MnO -0.12 1.0
Fe,05 -0.13 0.4 1.0p
Sc 007 071 04§ 1.0
vV -0.03 0.44 008 066 1.00
Cr 0.13 0.4 035 081 071 1.0
Co 0.06 0.4 01 077 073 067 1.00
Ni 0.06 0.14 0.0 0.19 0.20 0B0 __ 0J10 1,00
Cu 0.06 -00 018 -0.47 0.26 0p1  -0]20 026 1.00
Zn 0.0  -0.04 00p -0.08 0.14 0po  -0J09 0j01 0.34 .00
As 050 00 -01p 040 040 -0p7 011 020 .06 -p17 OO
Rb 0.30 0.0 020 0.7 0.25 0p4  -0j03 027 063 029 -0.11 1.0p
Sr 0.17 0.0 00p 009 040 -0fL 017 0/08 0.41 b10  0.19 42/0. 1.04
Y 033 -0.0 018 -0.12 042 -0p4a 020 027 062 004 -003 o070 0.4 1.0
Zr 090 024 -00{ -01p -0.33 -0J0 -0p0 0joo 004 -q.02  -p.39 16p. -0.03 0.2 1.00
Nb 084 024 -01% 018 041 -0.01  -Of9 0]13 017 906 -p22 404 011 054 086 1.00
Ba 0.44 050 0127 066] 066 061 062 0.0 0.14 0.1l  -0.37 0.45 0.6 ojza 018 0.25 .00
W 0.11] 0.04 0.1p 0.25 0.15 050 _ OJi1 005  -4.04 p.oo  0.16 0.180.22- -0.1 0.0 0.13 0.08 .00
Pb -0.13 0.1 0.15 0.13 0.23 0p9  o0joa  do9 0.18 062] 0.11] 0.14 005 -04L -0]9 -0.p9 0[10 036 1.00
Th 021 -0.2 025 0725 043 -0p9  -0]25 021 038 -p20  [0.25 0.47 03] 064 023 056 -0.02 006  -0.0B .00

Table A- 56: Correlation matrix of the elements on the Pretoria quartzite Group.

TiO, MnO Fe,0; |Sc A% Cr Co Ni Cu Zn As Rb Sr Y Zr Nb Ba W Pb Th U
TiO, 1.00
MnO 0.09 1.0
Fe,03 0.52 0.54 1.0
Se 0.39 0.75) 0.88] 1.04
Vv 0.43 0.57 0.82 0.85) 1.00
Cr 0.00 0.59) 0.44 0.62 0.45 1.0
Co 0.02 0.81 0.49 0.73] 0.54] 0.83 1.0
Ni -0.01 0.69) 0.52 0.72 0.52 0.93] 0.91 1.00
Cu 0.26 0.59) 0.45 0.66| 0.73] 0.28 0.4 0.3p 1.0
Zn -0.10 0.69) 0.2§ 0.4 0.2y 0.33 0.49 0.43 0J40 1,00
As -0.22 -0.14 -0.1f -0.09 -0.09 -0.17 -0/19 -0.15 .02 -p.01  001.
Rb 0.22 0.13 -0.1L 0.0 -0.23 -0.p1 0J01 -0.11 .04 D.28 0.06 00[1.
S -0.11) 0.3 0.0p 0.15 -0.04 0.4 0[24 0.20 .12 053] 0.1( 0.41 1.0
Y 0.33 -0.03 -0.0f -0.03 0.02 -0.p7 -0{12 -0.25 12 -p.07  10.3 0.33 -0.0! 1.0p
Zr 0.46 -0.33 -0.2B -0.27 -0.15 -0.p3 -0{39 -0.36 -0.15 -p.25 220 0.11 -0.1% 0.53] 1.00
Nb 0.63 -0.18 -0.1 -0.1p -0.29 -0.17 -0.p2 -0J23 -0.18 -0.23 -p.11 0.52 0.02 0.34 0.51 1.00
Ba 0.48 0.3 0.2p 0.33 0.14 0.p3 0J23 0.13 .23 D.40 0.18 0.72 0.52 0.34) 0.14 0.4p 1.90
W 0.29 -0.3% -0.0p -0.20 -0.12 -0.43 -0/44 -0.48 -0.22 -p.42  0400. -0.04 -0.2% 0.3p 0.8 0.82 -0J06 1(00
Pb 0.26 0.04 0.2¢t 0.21 0.03 -0.p8 0J17 0.20 17 D.20 0.17 0.31 .02-0 -0.03 -0.16 -0.0R 0.0 -0.0 1J00
Th -0.08 -0.24 -0.4p -0.42 -0.48 -0.p4 -0{27 -0.27 -0.31 -p.19 0.44 0.31 0.08 0.45 0.21 0.416 0J13 0.28 -0.61 1L.00
U 0.25 -0.31 -0.1f -0.20 -0.27 -0.p9 -024 -0.25 -0.24 -p.26 280 0.14 -0.0b 0.62 0.52 0.60 -0.11] 0.4 1.0p 0.75 1.00
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Table A- 57: Correlation matrix of the elements on the Pretoria Shale and date Group.

TiO, MnO Fe,0; |Sc A% Cr Co Ni Cu Zn As Rb Sr Y Zr Nb Ba W Pb Th U
TiO, 1.00
MnO 0.15 1.0
Fe,03 0.04 0.21 1.0p
S 0.33 0.62 051 1.00
V 0.22 0.52 0.62 0.87 1.00
Cr 0.00 0.24 051 0.57| 051 1.00
Co 0.39 0.61 -0.04 0.80) 0.61 0.53 1.00
Ni -0.11) 0.2§ 0.54] 0.47 0.4 0.70 0.21] 1.0
Cu 0.15 0.25 0.50 0.4§ 0.55 0.2f 0.16 0.39 1.p0
Zn 0.0 0.16 0.2p 0.19 0.19 0.16 0/04 0.21 .20 L.00
As -0.08 -0.04 0.0[L 0.01 0.14 0.p5 -0J02 -0.11 .00 -p.08 1.00
Rb 0.03 -0.3% -0.1B -0.30 -0.29 -0.3 -021 -0.27 -0.25 p.17 090. 1.04
S -0.25 -0.14 -0.2B -0.14 -0.04 -0.13 -0/08 -0.04 -0.05 -p.04 .150 -0.04 1.0
Y 0.30 -0.23 -0.0p -0.05 -0.05 -0.112 -0J09 -0.18 .22 -p.01 07A0. 0.3 -0.1 1.00
Zr 0.34 -0.24 -0.4f -0.38 -0.47 -0.p2 -0{17 -0.36 -0.30 -p.30 .150 -0.06 0.18 0.211 1.00
Nb 0.63 -0.18 -0.2 -0.1B -0.42 -0.24 -0.p6 -024 -0.11 -0.14 -p.30 .220 -0.20 0.50 0.57 1.00
Ba 0.25 0.1§ -0.0B 0.25 0.23 -0.p2 0[34 -0.09 .04 D.22 0.03 0.480.22 0.33 -0.0f 0.47 1.0
W 0.20 -0.34 -0.2p -0.45 -0.30 -0.p4 -0/31 -0.47 -0.25 -p.22  320. 0.01 -0.1. 0.3p 0.31 0.23 -014 1100
Pb 0.24 -0.07 0.0p -0.02 -0.02 -0.115 -0J06 -0.08 .01 D.10 0.09 0.47] 0.16 0.14 0.10 0.18 053 -0.1( 1.0
Th -0.03 -0.31 -0.2p -0.18 -0.21 -0.12 -0{15 -0.14 -0.06 -p.08 0.39 0.41 0.0p 0.57 -0.01 0.41 0.2]L 0.19 -0.05 1.p0
U 0.24 -0.44 -0.0p 0.02 -0.29 0.p8 -0J23 -0.21 -0.01 -p.28 0.41 0.3 0.0 0.6]L 0.02 0.43 0.p4 0[42 0.45 0.63 1.00
Table A- 58: Correlation matrix of the elements on the Hekpoort Formation.
TiO, MnO Fe,0; |[Sc \% Cr Co Ni Cu Zn As Rb S Y Zr Nb Ba W Pb Th
TiO, 1.00
MnO 0.09 1.0
Fe,03 0.64 0.45 1.0(
Sc 0.28 0.64] 0.79 1.00
\Y -0.11 0.34 0.53 0.75 1.00
Cr 0.14 0.44 0.34 0.39 0.17 1.p0
Co -0.35 0.76 0.02 0.43 0.3 0.53 1.00
Ni -0.04 0.6 0.3 0.57 0.39 0.91 0.74 1.00
Cu -0.13 0.47 0.38 0.59 0.55 -0.03 0.3§ 0.21 1.0
Zn -0.13 0.4 0.2 0.34 0.18 0.p8 0{29 0.37 Q.40 L.00
As -0.45 -0.2 -0.38 -0.08 0.26 -0.16 0{14 -0.05 (.06 -p.15 1.00
Rb -0.52 0.2 -0.2p 0.16 0.23 -0.p2 0}46 0.00 Q.47 D.21 0.34 1.00
Sr -0.20 -0.08 -0.1p -0.16 -0.03 0.p7 -0J02 0.06 (.06 D.28 0.00 0.03 1.0
Y 0.07] 0.24 0.1 0.36 0.28 -0.12 0{23 -0.01 .36 -p.01 0.04 0.59 -0.17] 1.0
Zr 0.41 -0.24 -0.04 -0.14 -0.23 -0.p2 -0{34 -0.37 -0.22 -p.31 140 -0.13 -0.20 0.41 1.00
Nb 0.77 0.0§ 0.24 0.08 -0.32 0.04 -0.23 -0{11 -0.17 -0.20 -p.55 10.36-0.21 0.3 0.55 1.00
Ba 0.30 0.3 0.58 0.49 0.35 0.10 0/14 0.15 Q.44 D.34 0.02 0.34 2/0.2 0.49 0.04 0.0p 1.0
W 0.43 -0.4 -0.0p -0.36 -0.37 -0.p8 -0/57 -0.57 -0.30 -p.46  0500. -0.2§ -0.19 -0.0p 0.48 0.6 -005 1}00
Pb -0.25 0.3 0.09 0.37 0.36 -0.p7 0}40 0.13 Q.45 D.08 {0.06 0.46:0.09 0.3§ -0.32 -0.11 0.97 -0.p1 1]J00
Th -0.24 0.2 -0.24 0.00 -0.09 0.p1 0[30 0.10 .09 D.00 {0.38 1]0.3 -0.04 0.34 -0.14 0.26 -0.18 -0p5 0.50 1.00
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Table A- 59: Correlation matrix of the eements on the Calcrete and surface limestone.

TiO, MnO Fe,0; |Sc A% Cr Co Ni Cu Zn As Rb Sr Y Zr Nb Ba W Pb Th U
TiO, 1.00
MnO 0.13 1.0
Fe,03 0.14 0.16 1.0p
Se -0.05 0.16 0.3f 1.0
) -0.02 0.14 0.82 0.35 1.0
Cr 0.04 0.23 0.60 0.2( 0.59 1.00
Co -0.18 0.0 0.62 0.47 0.66) 0.35 1.0
Ni -0.13 0.04 0.76) 0.29 0.65) 0.65) 0.65) 1.00
Cu -0.10 0.14 0.87 0.29 0.77 0.55) 0.70) 0.78| 1.00
Zn -0.06 0.14 0.3 0.18 0.23 0.p6 0J21 0.25 .36 IL.00
As -0.69 -0.14 -0.2p 0.42 -0.10 -0.p2 0[15 0.01 -(.05 D.00 1.00
Rb 0.27] 0.24 0.61 0.07 0.33 0.48 0.13 0.44 0.47 0J25 -0.31 1.00
S -0.22 -0.06 -0.0p 0.27 0.12 -0.p7 0[25 0.08 .09 D.06 0.32 23;0. 1.0(
Y 0.61 0.19 0.58] 0.09 0.34 0.3p 0.21 0.34 0.41 0J15 -0.51 0.75 -0.23 1.0
Zr 0.90) 0.04 -0.13 -0.1p -0.24 -0.09 -0.B5 -0{27 -0.33 -0.16 -p.65 12(0. -0.27 0.4 1.00
Nb 0.93 0.04 0.0 -0.0p -0.16 -0.05 -0.p7 -0/17 -0.19 -0.12 -p.61  2/0.3 -0.29 0.65 0.91 1.00
Ba 0.54] 0.57 0.41] 0.1 0.34 0.27 0.20 0.6 0J29 q.17 -0.46 0.51 -0.04 0.63| 0.37] 0.44 1.0p
W 0.27] -0.13 -0.0p -0.43 0.01 -0.p1 -0/17 -0.09 -0.08 -p.16 380. -0.01 -0.35 0.2 0.35 0.80 006 1(00
Pb -0.21 0.33 0.1p  0.54 0.06 0.0 0.2p 0.10 0.11 0.43 0[36 0.14 .14 D.04 10.28 0.21 .14 0 -0.34 1.0
Th 0.16 -0.14 -0.1y 043 -0.28 -0.p6 -0/06 -0.19 -0.25 -p.20  6/0.2 -0.04 0.04 0.14 0.19 0.32 -0.p8 -0{17 q.22 .00
U -0.33 -0.11 -0.1B 0.39 -0.07 -0.116 011 -0.04 -0.12 -p.09 7/0.4 -0.24 0.53 -0.33 -0.26 -0.31L -0.24 -0.38 0.p3 030 1.00

Table A- 60: Correlation matrix of the eements on the undifferentiated aeolian sand.

TiO, MnO Fe,0; |Sc A% Cr Co Ni Cu Zn As Rb Sr Y Zr Nb Ba W Pb Th U
TiO, 1.00
MnO 0.08 1.0
Fe,03 0.0 0.45 1.0p
Se 0.11) 0.42 0.70) 1.04
) -0.06 0.4 0.83] 0.63) 1.00
Cr -0.20 0.16 0.50 0.34 0.43 1.0
Co -0.13 0.2 0.61 0.54] 0.63] 0.71 1.00
Ni -0.19 0.21 0.59) 0.44 0.52 0.87 0.81 1.00
Cu -0.05 0.33 0.78] 0.57| 0.80) 0.37] 0.66) 0.55) 1.00
Zn 0.01) 0.31 0.3[L 0.31 0.30 0.p8 0J18 015 .34 IL.00
As -0.45 0.0§ 0.044 0.30 0.07 0.p3 0/04 0.06 .09 D.07 1.00
Rb 0.03 -0.0] 0.1B -0.03 0.08 -0.p8 -0{06 -0.02 .13 D.13 0.13 .00/1
S -0.03 -0.04 -0.0B 0.13 0.02 -0.17 0/02 -0.07 .08 D.11 0.03 .03t0 1.0(
Y 0.30 0.14 0.2p 0.9 0.17 -0.p3 0J08 0.02 .23 D.11 0.24 0.57 -0.21 1.0
Zr 0.73] -0.14 -0.4 -0.2p -0.47 -0.33 -0.41 -0{38 -0.48 -0.18 -p.47 0.02 -0.04 0.19 1.0
Nb 0.70 -0.04 -0.2 -0.0B -0.30 -0.23 -0.p6 -0J25 -0.25 -0.10 -p.41 230 -0.01 0.55 0.70 1.00
Ba 0.29 0.14 0.0B 0.04 0.08 -0.14 0J00 -0.08 .08 D.13 0.29 0.490.40 0.14 0.1y 0.15 1.00
W 0.28 -0.16 -0.2f -0.29 -0.20 -0.3 -0J25 -0.28 -0.31 -p.17 260 -0.06 -0.18 -0.01 0.41 0.19 0j04 1100
Pb -0.11 0.04 -0.0f 0.7 -0.03 -0.p7 -0{01 -0.07 -(.05 D.35 0.03 0.20 0.1§ -0.0L -0.47 -0.15 0.p4 -0J05 1.00
Th 0.08 -0.14 -0.2p -0.03 -0.25 -0.p8 -0{13 -0.12 -0.20 -p.24 130 0.2 -0.04 0.34 0.17 0.45 0j02 -0[12 -0.03 1.00
U -0.19 -0.14 -0.1f 0.00 -0.15 -0.p7 -0J09 -0.07 -0.12 -p.11  1200. 0.034 0.3 -0.0p 0.2 0.5 -0)05 -0]25 (.05 .27 [L.00
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Table A- 61: Correlation matrix of the eements on the Gordonia Formation.

Ti0,  |MnO Fe.0; Sc v Cr Co Ni Cu Zn As Rb Sr Y zr Nb Ba w Pb Th U
TiO, 1.00
MnO 0.11] 1.0
Fe,05 0.05 0.39 1.0p
Sc 0.32 0.3 0771 1.00
v 0.21] 0.24 081 061 1.00
Cr -0.02 0.1 063 052 065  1.0(
Co 0.24 0.04 056] 045 067 055  1.00
Ni 0.15 0.14 069 053] 068 080 076 1.0
Cu -0.16 0.2] 077] 058 079] 058 072 072 1.00
Zn 0.0 0.2] 04f 035 047 opr _ ojar 040 q4ar L.00
As 057 0.04 00B 006 045 o0pz ojs 013 Q.15 b.11 1.00
Rb 0.10 0.24 03p 035 045 oba o013 022 Q.24 b20  J0.04  [1.00
St 0.17 0.0 035 041 036 0Pz o048 04z 0445 b39 |01l [0.12 o0 L.
Y 050 -0.0]] 0.1 038 041 048 opr  ojo4 005 014 D38 041 6[0.1 1.04
Zr 0.85 -0.09 0.3 006 044 044 -0h2 038 043 025 P62 030 -0.34 054  1.00
ND 0.89 0.00 0.1 01f 0439 040 040 -0]32 036 021  -p54 401 -034 062 091  1.00
Ba 0.35 0.43 053] 049 0.3 03 030 032 0B6 038 -0.16 062 045 0.2 00f o048 1.0
W 0.03 0.3 0.2F 042 043 Of5 013 015 921 p27 009 01 028 044 047 opr 00 100
Pb 0.4 0.24 02p 042 047 of5s  ojie 020 Q21 b43  [0.17 043 21]0. 003 020 -016 041 -0J4  1j00
Th 0.42 0.11 02F o041 030 -0f8 021 -d23 028 P24 140. 014 -02P 051 051] 062 003  -0.02 00 1.4do
U -0.06 -0.08 01 0do 006 -0p4 ojoa -doz 005  -p.04 6.0 -0.12 0.0 008 o047 o1 -oh1 o015 dos 27 .00
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Figure A- 1: Histograms and box plots of raw data frequency distribution of elements

in Amphibolites basement complex.
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Figure A- 2: Histograms and box plots of log-normal frequency distribution of
elementsin Amphibolites basement complex.

243



TiO2Z (%) 1 MnOQ (%) Fe203 (%) 1 Sc (ppm)

1030
Fozoz Co20Z Cl = Lozoz
r = r = r = ( =
o208 o= Fozo g Loso2
Coqp 2 =] 5 =
L o . [ - [ - o
T T T T T T T T T T T T 0.00 T T T T T T T T D UU N T T ODD T T T T T T T T T 0.00
07 09114 13 15 17 0.020.04 0.0 0.08 01 012 014016 i g 10 15 6 9 12 15 18 21 24 27 30
Tio2 (%) M (%) Fe203 (%) St (ppm)
V (ppm) Cr (ppm) Co (ppm) Ni (ppm)
1-0.30 —
Foon & ro Eug :U'SDE CaanZ
[~ § :D 40 E :D 20 E L :E
i E l0.20 © o102 02
L o [ [ L [
—t——f—————+ -0 T T T i i f +—0.00 =ttt ++++ 000 — 000
50 100 150 200 0 200 400 60D 8OO 1000 026 91215 212427 33 0 30 G0 80120 180 240 300
Vpprm) Cr {ppm) Co (ppm) i {ppm)
Cu (ppm) Zn (ppm) As (ppm) Rb (ppm)
L F0.40 L0.40 F0.30
L0402 FoanZ CoanZ CozoZ
L E roa0= Lo ZE
o0 & FozoE Fozo s FE
I Foio 2 Fo102 poioe
T T T f 0.00 T T T T T T T \_G-UU T+ T T ——-0.00 T T t f -0.00
i 50 100 150 0 10 20 30 40 50 GO 70 &0 i 10 20 30 40 50 40 50 BO 70 B0 90 100 110
Cu {pprm) Zn {ppmj As (ppm) Rb (ppm)
Sr (ppm) Y (ppm) Zr (ppm) Nb (ppm)
S Cot ] KGR : o [
:0.40 = 020 & FO.40 & [030 5
L = L = F = o=
Loz03 Lo1o S Foan & oo
e g g Foo e
—t—t— T 00 S I — p— T T 0.00 T T T T 1 1 T +-0.00 ——tFt+t+—+++++F-000
25 &0 75 100 125150 175 200 225 15 18 21 24 27 30 33 200 400 600 2001000 1400 12 14 16 18 20 22 24
Sr {ppm) W {ppm) Zripprn) Nb (ppm)
Ba (ppm) W (ppm) Pb (ppm) | Th (ppm)
—D.4D= fU.WSE _D nE o 40z
o Fo1ng 3 Fo3
Fo.203 o052 CoqoE o205
E @ T E L o C o
T T T T T T T T T +-0.00 L L L LU T ———r—0.00 T+ T Tt 7000 1 1 T T T T T 0.00
150 250 380 450 G50 56788 11 13 15 17 19 0123456788 11 13 15 0 3 B 9 12 15 18
Ba (ppm) W {pprm) Ph (ppmy) Th (aprm)

Figure A- 3: Histograms and box plots of raw data frequency distribution of elements
in Kraaipan Group.
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Figure A- 4: Histograms and box plots of log-normal frequency distribution of
elementsin Kraaipan Group.
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Figure A- 5: Histograms and box plots of raw data frequency distribution of elements
in Kanye Formation.

246



TiO2 (Log %) MnO (Log %)

Fe203 (Log %)

Sc (Log ppm)

Figure A- 6:
elementsin Kanye Formation.

Histograms and box plots of log-normal frequency distribution of

247

L0.25 a0 L
r ~0.25
020 L . oo [030
F015% FO20 S Liis= :D a2
FO10S B § Foin § = §
Loos & ivE Cons™ Fo0e
|5 DI4ID|3‘D|2‘DI1‘ DI D|1 DI2 DI3 000 ————t—+——+F 7 -0.00 LN B B o sy (L1 L e B o B s L2111
05-0.4-03-02- 33 -3 T 2431 181512 06 0.8 1 12 14 16 18 2 112141618 2 22242628 3
TiO2 (Log %) MR (Log %) Fe203 (Log %)} Sc{Log ppm)
V (Log ppm) Cr (Log ppm) | Co (Log ppm) Ni {Log ppm)
L ‘g 32 Fo.an [o40
:U 30§ Fozo= —D.3D§ g 30?
= = [ E =
020 & Lo1se Cozo 8 Fo.z0 &
r = L0102 FeooB Coto g
o0 [0 Foo o
T B e e e B e LB 0.00 T 1 T t —-0.00 T T T T T T T r—0.00 1+t 0.00
312427 3 333639424548 38 39 42 45 48 51 454 16 18 2 22 24 28 28 3 2628 3 32343638 4 4244
Y (Log ppm) Cr{Log pprm) Co (Log ppm) i (Log pprm)
| Cu (Log ppm) Zn (Log ppm) | As (Log ppm) Rb (ppm)
’g 53 l-0.40 l-0.40 -g ég
B = C = L = ’ =
Lo1ss = = LozoE
2 Fozo S Foz0 & F0.15 2
r010s e - Lo1n2
|-0.05 ™ FoAne Lotpd —DUSEL
———t——t++—+ o000 =t 10—t | -0
27 29 3 31 33 a5 37 32 34 36 38 4 42 44 45 48 050 05 1 148 2 35 3 35 4 43 44 45 46 47 48 49 5 41
Cu {Log ppmj Zn (Log pprm) As (Log ppm) Rhb {pprmy
Sr (Log ppm) Y (Log ppm) Zr (Log ppm) Nb (Log ppm)
+0.40
-0.60 0.25 r F
oz Lozo £ foe ooz
Fo40g Lo1s & L0208 L0202
r_ = Loqo s - E L&
Fozo £ & Foioa o0&
~0.05 g 010
T T T T T T T T 0.00 T T T T T T T T T T UDD T T T T T T T T T T UDD T T T T T T T 0.00
32 34 36 38 4 42 44 46 3435 36 37 38309 4 41 4243 B2 63 64 65 BE BT 686G T 71 3 31 32 33 34 35
Sr(Log pprm) ¥ (Log pprr) Zr {(Log ppri) Nb {Lag ppm)
Ba (Log ppm) W (Log ppm) Pb (Log ppm) Th (Log ppm)
H0.25 L
Loso o Fo.50
o 205 Lz 020 = Lo4nz
F015 5 F0.40 2 Fo15 2 [F0-30 &
0108 _DQDE Fo10g Lozne
_|_,=1\_‘~L‘.__‘—uuaEL [ lo.os ™ Foio™
L L L L ———f=1-0.00 —t—rF+——+—+——+—000 T+ T 11000 =111+
53 55 57 59661 B3 645 17 18 1.9 2 21 22 23 24 0202 06 1 14 182 24 23 24 25 2R 27 28 28 3
Ba (Lag pprm) Wy (Log ppm) Ph (Log ppm) ThiLog pprr)
U (Log ppm)
~0.30
FoE
F0.20 =
L =
Loto S
. S SRR )00
a 0.5 1 1.5
U {Log ppra)



TiO2 (%) MnO (%) Fe203 (%) Sc (ppm)
——————— Ea B [ - ol ot o
L L L Fo.4n
Fo30E 030 & Loan FoaoZ
Fozo & Fozo & o= oo &
= F Fozn g
oo 2 RALNS L& AL
1+ T+t t+-0.00 T T —t+—F—+-0.00 f T T T T T T +—0.00 1 —=+-0.00
05 06 07 08 08 1 11 12 13 002z 006 01 014 018 1.2 3 4 5 & T 8 5 10 15 20
TiOZ (%) Mno (%) Fel03 (%) ¢ (ppm)
V (ppm) Cr (ppm) ' Co (ppm) Ni (ppm)
,,,,, o<t - IO} e - [
F0.40 = :0.80E Coun & .40 &=
—0.30% Foe0T [40s L
Fozo S F040.3 Lo s 0.20 2
Foin e Fozoe R L £
11—+ 000 =T T T T T—0.00 | T t +-0.00 ettt t+-0.00
10 20 30 40 &0 GO OTO &0 A0 110 0 100 200 300 400 500 5 10 15 20 25 1030 0 FO 490 110 130
W pprm Cr (ppmj Ca (ppm) i (ppm)
| Cu (ppm) Zn (ppm) As (ppm) Rb (ppm)
lo.s0 Lo.40 L L
FoanZ FoanZ Fo.20E oz
Cozo @ Coon = r= rooR
020 2 F020 2 Co0Z Loto=
Fotog Foiok L & L&
f T T f T - 10.00 —————————+—T—T——+-0.00 T T T T 1000 1 —+—0.00
1M 20 3 40 &0 B 10 30 50 7080 110 130 i 5 10 15 20 2080 110 130 180 170
Cu (ppm) Zn (ppm) As (pprm) Rb (ppm)
Sr (ppm) Y (ppm) | Zr (ppm) Nb (ppm)
l0.30 C 020 L
a0 F0.30 = CoreE F030 -
FO20E Foao2 [T s loz03
R s Lodo & 8
roio0g ALK Lons g roiog
I 1 T f==-0.00 T T T T T 0.00 — T T+t 1+ 1 000 = ————+———-0.00
20 30 40 50 GO 7O 30 40 50 80 70 500 700 400 1100 1300 1500 20 25 i} a5
Sr{ppm) ¥ (ppm} Zr {ppm) b (pprn)
Ba (ppm) | W (ppm) Pb (ppm) Th (ppm)
040
FoanZ ro= FooE Fo.2o
I Foa0= Fozo= FE
Fozo® - OB F @ L
_nmg Co2s Co10 g ALK
C o L o - o C o
T T T T T T T T DDD T T T T T T T T T 0.00 T " T N T T T T 0.00 T LA L UL DDD
180 200 250 300 350 400 450 500 5 B 7 8 9 10 11 12 13 i 4 8 12 16 20 1214 18 18 M 32 24
Ba (ppm) W ippm) Pl (o Th (pprm)
U (ppm)
1-0.30
——
FozoZ
ro.. 2
Foin &
- o
0.00

Figure A- 7: Histograms and box plots of raw data frequency distribution of elements

in Gaborone Granite.
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Figure A- 8: Histograms and box plots of log-normal frequency distribution of
elementsin Gaborone Granite.
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Figure A- 9: Histograms and box plots of raw data frequency distribution of elements
in Dominion Group.
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Figure A- 10: Histograms and box plots of log-normal frequency distribution of
elementsin Dominion Group.
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Figure A- 11: Histograms and box plots of raw data frequency distribution of
elementsin Hospital Hill Subgroup.
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Figure A- 12: Histograms and box plots of log-normal frequency distribution of

elementsin Hospital Hill Subgroup.
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Figure A- 13: Histograms and box plots of raw data frequency distribution of
elementsin Klipriviersberg Group.
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Figure A- 14: Histograms and box plots of log-normal frequency distribution of
elementsin Klipriviersberg Group.
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Figure A- 15: Histograms and box plots of raw data frequency distribution of
elementsin Platberg Group.

256



TiO2 (Log %) MnO (Log %) Fe203 (Log %) Sc (Log ppm)
L A b s | O - =
Lozo -0.20
[ = = RALFS £0.20 =
Fo.2o0 S 0 20% —DTD% L %
=2 r-..= = Loio S
- Foi02 L =} -]
o1e 03 0.05 2 L £
\\\I\IIIIIII\\\\IIIU-UU T T 11 T \UUU \\\IIIIIIIIIII\\\\IIInnn \'_1_‘\II\\IIIIIIIIIIIIIU'DD
6 03 002040608 1 12 -4 .35 -3 28 -2 15 A 0608 1 121416 1.9 22 25 1618 2 22242628 3 3234
TiO2 (Log %) WG (Log %) Fe203 {Log %) Sc {Log ppmy
|V (Log ppm) | Cr (Log ppm) | Co (Log ppm) Ni (Log ppm)
Lo.4n —0.20
F0.20 = Fo0.20 & U =
F £ L £ :U.3U§ F0.20
& C L
Fo108 Fo1o S po0 s Coq0s
L £ L 2 FO10 & =
~r++—++—++——+—++ 000 Tt r0.00 T o000 T 1 1 T T r—0.00
26 3 34 38 42 48 5 54 36 442 4B 552 5B 662 21 27 33 39 45 51 57 63 3 35 4 45 5 55 8
W (Log ppm) Cr {Log ppm) Co (Log ppm) Mi iLog pprm)
| Cu (Log ppm) Zn (Log ppm) | As (Log ppm) Rb (Log ppm)
el HE T R (B - I g e I
[-0.30 Foi L L
Camns ] L0202 LozoZ
0.20 = =
L= Foi0E - & - =
Loan g Loos 2 Foin S Foiog
roig Foos g [ £ A=
||||\|\||\|\|\9-DD II\\III\\III\\IIII\IIIEI-DD III\\\IIIIIIIICIDD \\lllll\llll\\\g-DD
24 28332 36 442 46 5 32 35 38 4 42 45 485 52 0 0B 12 18 24 3 3B 35 37 38 41 43 45 47 49
Cu (Log ppm) Zn (Log pprm) As (Log pprm) Rh (Log pprm)
Sr (Log ppm) Y (Log ppm) Zr (Log ppm) Nb (Log ppm)
----- LT e I LIRS R
fo.z0 g :U.ZU = 030 & Fo.z0 &
& L= Foz08 r. s
i Fo10g Co1n 2 g
= o - @ L o - o
T T 1 T T T—0.00 000 - T T T T 000 e -0.00
3 35 4 45 5 55 B B5 25 27 28 31 33 35 37 349 54 58662 B6 772 76 8 24 27 283 31 33 35
Sr(Log pprm) Y (Log ppm) Zr {Log ppm) Mb (Log ppm)
| Ba (Log ppm) | W (Log ppm) Pb (Log ppm) Th (Log ppm)
Je cs - - S | i . - o)
t0.30 L |
ro.£ Loan & = Foeo &
020 2 = —DQDE =
L H _U - = r E F0.40 o
F010 2 g [e1oe Fozo 2
000 —————T——— 17— 0.00 ———t—++++——r—r——0.00 T 000
46 552 56 EBBZ BE 772 05 1 14 2 25 3 35 004 12 224 32 444 0 05 1 15 3 25 3
Ba {Log pprm) W (Log ppm) Ph (Log pam}) Th {Log ppm;)
1 U (Log ppm)
|-0.30
FoeoZ
=
Fo.40 s
|—|—u 02
0.00

T T T T T T T
01 02 03 04 05 06 07
U (Log pprm)

T
1}

Figure A- 16: Histograms and box plots of log-normal frequency distribution of
elementsin Platberg Group.
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Figure A- 17: Histograms and box plots of raw data frequency distribution of

elementsin Allanridge Formation.
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Figure A- 18: Histograms and box plots of log-normal frequency distribution of
elementsin Allanridge Formation.
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Figure A- 19: Histograms and box plots of raw data frequency distribution of
elementsin Black Reef Formation.
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Figure A- 20: Histograms and box plots of log-normal frequency distribution of

elementsin Black Reef Formation.
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Figure A- 21: Histograms and box plots of raw data frequency distribution of
elementsin Vryburg Formation.
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Figure A- 22: Histograms and box plots of log-normal frequency distribution of
elementsin Vryburg Formation.
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Figure A- 23: Histograms and box plots of raw data frequency distribution of
elementsin Malmani Subgroup dolomites.
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Figure A- 24: Histograms and box plots of log-normal frequency distribution of
elementsin Malmani Subgroup dolomites.
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Figure A- 25: Histograms and box plots of raw data frequency distribution of
elementsin Ghaap Group dolomitic series.

266



TiO2 (Log %) MnO (Log %) Fe203 (Log %) Sc (Log ppm)

RERE- - SRl R L {1} - ERAL - S LR Y NRRRTE S -y
r lo.20
020 & Fo15 & Loqs & —U.4U§
r g Foto g = r_%
010 2 B o0 g A3
Lk F0.05 & F005 & F o
\I\I\I\I\I\I\I\I\I\I\IIIO'DD rrrrrrrrrrrrrrrri 0.00 \IIII\I\I\IIII\IIII\I\IIIUDD I\IIIll\ T ODD
3 1 -07-04-01 02 05 081 -3-24 15 0B 0 061218 01 04 0F 11215 18222 25 1 14182226 3 3438
Ti02 (Log %) MO (Log %) Fe203 (Log %) 5¢ (Log pprm)
V (Log ppm) 1 Cr(Log ppm) Co (Log ppm) Ni (Log ppm)
e I S v el [} A . I+ - |[|]r=r -
C 040 C
= F030 & Foan 0.30g
RELES Foz0E [F Lozos
r...= O E Fozo & £
L 8 T8
0108 Fo102 Fon 2 -n.mi_
T T T L L T 0.00 rrrrrrrrr T T T T 0.00 Trrrr1rrrrrrrrrrrrr 0.00 I \ T 0.00
2025 3 35 4 45 5 1824 3 36 424854 B 66 06 1 1.4 1832226 3 3438 "34028 33 35 4 44 48
WiLog ppm) Cr {Log pprm) Co {Log ppm} Mi{Log nnm)
Cu (Log ppm) |Zn (Log ppm) | As (Log ppm) Rb (ppm) 2
R ELH (R R e B IR -~ R [ {art-— - -'.l:ﬂﬂ]-m
Lo.30 =
-u.3u§ oo Coq0 2 F0.40 =
Fozo g TR L =
-uwuE 010 e Foos e —0.205
: o |- o - o F o
T T T U-UU 000 T e 0.00 T | r-0.00
16 2 24253236 4 4448 335 4 45 5 55 6 65 7 OE0d 114 224 Fa4 444 26 332 36 4 44 435
Cu Loy ppra} Zn iLog ppm) As (Log pprm) Rh (Log ppm)
Sr(Log ppm) Y (Log ppm) | Zr (Log ppm) | Nb (Log ppm)
- [ wesE - vaaeim -} et e R R R N LR I
:u.4u§ (040 5 _0'15§ :n 0=
_nzng Foan 2 [0 E P00 g
H = lqos S
L E L £ U.DSD__ _010 2
\ T T \ UDD T T 1 T T T T T T T T \DDD IIIHIIIIIIIIIIHIIIIIIIIIHH\0'DD LN L R R B R R | UDD
442 ) 16 222 26 332 36 4 55357663 67773178 18 2 2224 2628 3 332 34
Er{Log ppm) ¥ (Loa ppm) Zr {Log ppm) Mh {Log ppm)
Ba (Log ppm) W (Log ppm) Pb (Log ppm) Th (Leg ppm)
e[ T N [ e (S e oo - CRE I N N Y RN ISR
Fozn L
[0a0 HENES Lois= 020
Lo, ggn r = = L =
B ro102 o102
Foio 2 £ ALY Fooss L&
I\IIIII\III\II\ll\O'DD L L ODD T 7T T T ODD \\\\IIIIIIIIIIHIIIIIIIIII\HH0'DD
36 4 44 4B 5256 6 6468 D 04081216 2 242532 oot 23 4 5 0508 121518 222528 3235
Ba (Log pprm) W (Log ppmy) Fb (Log ppm) Th (Log pprm)
U (Log ppm)
ro8o
FosoE
Utz
Fo40 g
Fozo &
L T rrrTT T UDD

T T
0 02 04 0B 08 1 12 14
U (Log pprm)

Figure A- 26: Histograms and box plots of log-normal frequency distribution of
elementsin Ghaap Group dolomitic series.
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Figure A- 27: Histograms and box plots of raw data frequency distribution of
elementsin Asbestos Hill Subgroup.
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Figure A- 28: Histograms and box plots of log-normal frequency distribution of

elementsin Asbestos Hill Subgroup.
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Figure A- 29: Histograms and box plots of raw data frequency distribution of
elementsin Pretoria Group quartzite.
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Figure A- 30: Histograms and box plots of log-normal frequency distribution of
elementsin Pretoria Group quartzite.
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Figure A- 31: Histograms and box plots of raw data frequency distribution of
elementsin Pretoria Group shale and date.
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Figure A- 32: Histograms and box plots of log-normal frequency distribution of
elementsin Pretoria Group shale and date.
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Figure A- 33: Histograms and box plots of raw data frequency distribution of
elementsin Hekpoort Formation.
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Figure A- 34: Histograms and box plots of log-normal frequency distribution of
elementsin Hekpoort Formation.
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Figure A- 35: Histograms and box plots of raw data frequency distribution of
elementsin calcrete and surface limestone.
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Figure A- 36: Histograms and box plots of log-normal frequency distribution of
elementsin calcrete and surface limestone.
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Figure A- 37: Histograms and box plots of raw data frequency distribution of
elementsin Gordonia Formation.
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Figure A- 38: Histograms and box plots of log-normal frequency distribution of
elementsin Gordonia Formation.
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Figure A- 39: Histograms and box plots of raw data frequency distribution of
elementsin surface sand.
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Figure A- 40: Histograms and box plots of log-normal frequency distribution of
elementsin surface sand.
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