Ue0.VeS. = BIBLIOTEEK
*138601921701220000019+

A




AN EVALUATION OF GEOCHEMICAL PARAMETERS FOR TIN EXPLORATION
IN SOIL COVERED AREAS IN THE CENTRAL BUSHVELD COMPLEX.

by

SCHALK NWILLEM STRAUSS

submitted in fulfilment of the requirements-

for the degree of
MAGISTER SCIENTIAE

in the Faculty of Sclience
Department of Geology

Section Geochemistry

UNIVERSITY OF THE ORANGE FREE STATE
BLOEMFONTEIN

JANUARY 1986 Promotor: Dr. E.A.N. Tordiffe




e e i

Drlversiteit van die Oranje-Yrysiast
BLOEM. .EIN

—_-N

AN A

§3-5% 700

T 549, 2309482 STR

BiBLIUV IR




ABSTRACT

The thick soll cover over most of the felsic rocks of the Bushveld
Complex, presents a major obstacle In the search for Sn deposits. In
order to define those parameters that might reflect the presence
of Sn mineralisation under such conditions, an orientation study
was made of soill geochemical parameters In an area of known
Sn mineralisation. The area chosen was the farm Viaklaagte 221JR
in the central Bushveld Complex where quartz-vein greisen type

Sn mineralisation iIs known to exist.

The soils overlying the mineralisation are latosols In
which three periods of soil formation can be Identified. A pebble
layer representing an unconformity In the soil profiles, with
transported solls on top and reslidual soils or palaeo-colluvium
below, has a dominating Influence on the mineralogical and geoche-
mical dispersion patterns in the solls. A consequence Is that
the B horizon, to which most affen+loh {s usually paid durling
exploration, presents an entirely unsatisfactory sampliing medium
due to its development In either the transported or residual
soll.

Mineralogical and geochemical data were used. to ldentify
the vérlous weathering cycles and the relationships between
primary and secondary anomallies. Speclal attention was given
to the behaviour of Sn, Cu, Mo, Rb, Sr and ?a, which were then
used to establish possible guidelines for exploration. Where
Sn Is used as a pathfinder element the pebble layer ylelded
the best results as a sampling medium, A combination of 1) the
Sn concentration In a bulk sample In the lower section of the
lower pebble layer, 2) the ratio of the Sn concentrations (using
bulk samples) between the lower section of the lower pebble
layer and the residual solls and 3) the distribution patterns
of cassliterite grain-size populations in the lower pebble layer
(lower section) proved to be the most sensitive means for exploration
(provided that the Sn Is associated with cassiterite and that

the pebble layer Is in direct contact with the residual soils).

Copper and Mo are also very sensitive pathfinder elements

but their source Is not necessarily the same as for Sn. They
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are, however, always closely assocliated with the Sn deposits
and can therefore be used effectively In tracing associated
mineralisation which will eventually lead to the Sn deposits. fhe
most sensitive parameters proved to be a combination of the
Cu or Mo concentrations in the silt-clay fraction In the lower
part of the C horizon and thelir concentrations In Individual
goethite pellets from the lower section of the lower pebble

layer.

Rubldlum/Sr and Rb/Ba ratios are useful In fdentifying
highly differentiated or metasomatic zones with which Sn deposits
are associated. The silt=-ciay fraction in the Iowér part of
the C horizon Is reéommended for the latter.

The weathering cycles and the elemental dlspefslon patterns

are found to be dependant on the following factors:-

- The palaeo- and present climatic conditions.
- The topography (palaeo- and present).
- The primary minerals with which the elements are associated

and the weatherablility of the minerals.

- The predominant end minerals In the solls and their
elemental assoclatlon.

- The moblillty of the elements under different Eh-pH

conditions.
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UITTREKSEL

Die dik grondbedekking oor groot gedeelfesvvan die felslese
gesteentes In die Bosveld Kompleks, bied n groot hindernis in
die soektog na Sn afsettings. In n poging om hierdie hindernis
te oorbrug Is n studie van geochemiese parameters Iin gronde
in n gebled van bekende Sn mineralisasie gedoen. Dle gebled
wat gekies is, Is dle plaas Viaklaagte 221 JR In die sentraie
Bosveldkompleks waar die bestaan van kwartsaar-greisentipe

Sn-mineralisaslie bekend is.

Gronde wat die mineralisasie oorlé Is latosols waarin drie
periodes van grondvorming geldentiflseer kan word. n Rolsteenlaag
wat n onreélimatigheid in die gronde verteenwoordig, met aangevoerde
gronde bo=-op en residuele gronde of paleo-kolluvium onder, het
die dominerende Invlioed op die mineralogiese en geochemliese
verstroolilingspatrone In die gronde. n Gevolg hiervan s dat
die B-horison, waaraan normaalweg die ﬁeesfe aandag gedurende
eksplbrasie geskenk word, ongeskik as n monsteringsmedium is,
weens die ontwikkeling daarvan in of die aangevoerde of dle

residuele gronde.

Mineraloglese en geochemiese data Is gebruik om die verwerings-
siklus en die verwantskappe tussen primere en sekonddre anomalieé
vas te stel. Spesiale aandag is geskenk aan die gedrag van Sn,
Cu, Mo, Rb, gf en Ba en moontllke riglyne is vir eksplorasie
bepaal. Waar Sn gebrulk Is as n padvinderelement, het die roi-
steenlaag die beste resultate as'n monstermedium verseker. n
Kombinasie van 1) die Sn konsentrasie in heelmonsters In dle
onderste gedeelte van die onderste rolsteenlaag, 2) die verhouding
van Sn konsentrasles (heelmonsters) tussen die onderste gedeelte
van die onderste rolsteenlaag en dle residuele gronde en 3)
dle verspreidingspatrone In korreligrootte populasies van kassiteriet
Iin die onderste gedeelte van die onderste rolsteenliaag, biyk
die mees sensitiewe metode te wees (met die voorbehoud dat die
Sn geassosieer Is met kassiteoriet en dat die rolsteenlaag in

direkte kontak met die residuele gronde is).

Koper en Mo Is ook baie sensitiewe padvindereiemente maar

hul bron Is nie noodwendig dleselfde as vir Sn nile. DIt is egter
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altyd bale nou geassosieer met Sn afsettings en kan dus effektief
gebruik word In dle opspoor van geassosieerde minerallisasie
wat dan uiteindelik na dle Sn afsettings sal lei. Die mees sensitiewe
parameters blyk te wees n koﬁblnasle van die Cu of Mo konsentrasies
Iin die modder en klel fraksie in die ondérsfe gedeelte van dle
C horison en hul konsentraslies In individuele goethlet pille
vanuit die onderste gedeelte van die onderste rolsteenliaag.

Rubldlum/Sr en Rb/Ba verhoudings Is baie brulkbaar in dle
Identifikaslie Qan hoogs gedifferensieerde of gemetasomatiseerde
sones, waarmee die Sn afsettings normaalweg geassosieer is, Dlie
modder plus klei fraksle Iin die onderste gedeelte van dié c
horison word aanbeveel in laasgenoemde geval.

Die verweringssliklusse en die elementverspreidingspatrone

Is afhankllk van dle voligende faktore:-

- Die paleo=- en huldige kllmaatstoestande.
- Dle topograflie (paleo~ en huidlig).
- Die primére minerale waarmee die elemente geassosieer

Is en hul weerstand teen verwering.

- Die dominerende elndminerale Iin die gronde en hul
élemenfassosiasle. '

- Die mobilitelt van die elemente onder verskillende
Eh=-pH toestande.
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1 INTRODUCTION

The granites of the Bushveld Complex have been the major source
of tin In South Africa for the past fifty years. Most of the
tin was produced In the Zaaiplaats, Union and Rooiberg tin flelds
with Insignificant amounts coming from the other districts (Fig.
1-1). The granites of the Bushveld Complex and the associated
‘metasedimentary rocks are well exposed In these three tin fields,
whilst in the remainder of the area they are only exposed as
scattered outcrops or as near-vertical cliffs along the edge
of the Sekhukhunl Plateau.

The Mineral Map of South Africa compiled by the Geological
Survey of South Africa (1981) together with Fig. 1=-1 indicate
that tin minerallisation is known virtually everywhere where
the upper parts of the granltic phase of the Bushveld Complex
is exposed. |t thus appears that the absence of known significant
deposits elsewhere in the granites could refiect an absence

of good exposures.

From an exploration point of view the question can therefore
be asked whether adequate exploration techniques to detect tin
mineralisation In covered areas exist or can be developed. The
present investigation Is aimed at evaluating known geochemlcél
techniques for locating covered tin deposits and, if required,

establish more effective féchnlques.

Three geochemical exploration techniques by which further

Sn deposlits could be located are:-

- A systematic drilling programme across the granitic rocks
backed up by petrographic and lithogeochemical studies,

- A systematic geochemical investigation of the solls overlying
the granites,

- A systematic geochemical Investigation of the gas-species

in these soils.

The successful Impiimentation of the first alternative
on a regional scale is financially prohibitive and techniques
for gas analysis are not yet fully developed. Soils are often
used in the exploration for tin (Taylor, 1979), but the techniques
involved apply to climatic conditions differing significantly
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from those Iin South Africa (Groves et al., 1972; Hosking, 1971;
Levinson, 1980; Omer-Cooper et al., 1974)., Thils study therefore
concentrates on the geochemical sampling parameters for soils

overlyling the granites.

The chemica!l and mineraloglical data on tin occurrences
In the Bushveld Complex Indicate that they often contain significant
concentrations of Mo, Cu and F in addition to tin (Crocker and
Callaghan, 1979; Steyn, 1962). Special attention was thus
also devoted to the distribution of Cu and Mo in the soils.

The effectiveness of any geochemlical exploration technique
depends on the sampling approach used and this aspect forms
a major part of this study. The area selected for study should
be relatively undisturbed by prospecflhg and mining activities,
poorly exposed, with insignificant farming activity. The Moloto
district fulfills these requirements and it was therefore decided
to carry out a study on the Sn occurrence on Viaklaagte 221
JR (Fig. 1=1).




2 METHOD OF INVESTIGATION,
2.1 SAMPL ING AND SAMPLE PREPARATION

A series of rock samples were collected from the area. These
samples were crushed, pulverised and then analysed according
to procedures described below., Thin and polished sections were

made for mineralogical and petrological studies.

A number of prospecting pits were dug in both mineralised
and unmineralised zones (positions indicated in Fig. 2=-1). The
soil profiles were logged and described (Appendix A). Various
horizons were sampled (5 kg samples) and after drying at 110°C,
three kllograhs of each sample were screened into five size
fractions (l.e. the gravel, coarse sand, medium sand, fine sand
and slit-clay fractions). Mineraloglical studies and chemical
analyses were made of the bulk sample as well as the dlfferent

size fractions.

Soil samples (5 kg) from the Ay horizon were collected
along five traverses crossing the greisen lodes énd quartz fissures,
and one traverse which Is oblique to the others (Fig. 2-1),
Sample spacing Is 50 m along the first five traverses and 90
m in the tast. The samples were drlied at 110 ©C and screened
into selected size fractlons. Copper, Mo, Rb, Sr, Ba and Fes03
were determind using the -0,075 mm fraction and Sn on the bulk

sample.
2.2 ANALYTICAL TECHNIQUES

The Majo} and trace elements, with the exception of LI, Be,
F and B were determined by means of XRF uslng the procedures
described by Frick and Kent (1984).

Lithium and Be were determined by atomic absorption spectrometry
(AA) using the techniques of Jeffery (1975) and Abbey (1967). Pure
element standards were used for LI and Be and good agreement
was obtained between the values for the NIMROCK reference rock
samples G, S and L and the reported values (Steele et al., 1978).
Coefficients of variation for replicate determinations were
approximately 6% and 10% at levels of 50 ppm and 12 ppm respectively
and 10% at a Be level of 7 ppm.
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6

Fluorine was determined by the standard addition method
(Edge, 1979), using an ion-selective electrode and a speclific
fon meter. Excellent agreement was obtained between the concen-
trations measured In the NIMROCK samples (G, S and L) and the
reported values. Coefficients of variation for replicate deter-
minations were approximately 9% and 3% at fluoride levels of

300 and 4200 ppm respectively.

Boron was determined by inductive couplied plasma (ICP)
emission spectrometry, The general analytical procedure followed
is that described by Owens et al., (1982), CANMET SY-2 and
SY-3 (Abbey, 1983) were used for reference and good agreement

between the measured and reported values were obtained, The

coefficient of variation for replicate determinations was

approximately 10% at a level of 100 ppm B,

The rock samples were studied In thin and polished sections, A
stereo microscope was used for the visual mineralogical Iden~-
tificatlons on the solils., A X-ray diffractometer was used for
the semi-quantitative estimations of the mineralogical compositions,

Bulk sample fractlions were used for the latter,

Heavy mineral separates from some horizons in selected
profiles were identifled by means of a scanning electron microscope

fitted with an energy dispersive spectrometer,
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3. THE GEOLOGY, GEOMORPHOLOGY AND SOIL DISTRIBUTION OF THE
STUDY AREA,

Any geochemical soll sampling programme Is influenced by a vast
number of parameters which include, amongst others, the geology
of the bedrock, the depth, composition, distribution and origin
of the overburden, the surface topography, the sub-soll topography
and the climatic conditlons. Because all these factors interplay
on one another, it is Impossible to use empirical models to
deduce any one factor and a thorough Investigation of each one

Ils essential.,
3.1 GEOLOGY

Figs 2-1 shows the generallised geology of the Sn/Mo occurrence
on the farm Viaklaagte 221 JR, amended after the mapping of
De Brulyn and Rhodes (1975) and of Wessels (1940). According
to the former the Makhutso Granite Is intrusive into both the
granophyric roof=rocks (Stavoren Granophyre).and The Main Bushveld
granite (Nebo Granite). They describe the Makhutso Granite
as a greylish bliotite-rich granite which consists of a fine-grained
marginal phase and a coarse- gralned central body. The latter
Is Intruded by a fine-grained, sometimes aplitic, grey biotite
granite which was described by Merensky (1908) as the ore carrier,
This flne-grained granite, the Viaklaagte granite, Is probably
an equivalent of the Koornkopje granite described by Marlow
(1976).

Apophyses of the Vlaklaagte granite were observed (Fig. 2-1,
point B) cutting through the Makhutso Granite. This supports
the contention of Merensky (1908) that the Viaklaagte granite
I's younger and has intruded Into the Makhutso Granite. It Is
not evident from the field evidence whether the Vlaklaagte granite,
which intruded Into flssures in the partly consolidated Makhutso
Granite, represents a later magma or Is a late~stage product
of the Makhutso magma. The Intrusive contact between the Vlaklaagte
granite and Makhutso Granite is, however, very sharp (Fig. 3-1),
The approximate boundaries of the Vlaklaagte granite, Indicated
in Fig. 2-1, were in places inferred because of the lack of

outcrops.




Fig.

3-1

Photograph showing the sharp intrusive contact between
the Vlaklaagte granite (fine-grained) and the Makhutso

Granite (coarse=-grained).
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The tin mineralisation Is assoclated with a well-defined
zone of Iirregularly shaped greisen |odes and quartz veins which
strike NNE and occur In the granophyre as well as the Vlaklaagte
and Makhutso Granites. These structures represent a major zone
of fissuring in the Bushveld granite and granophyre (Fig. 2-1). The
medium gralned greisen bodies are marked by intensive prophylitic
alteration and the presence of fluorspar. The greisen lodes
are surrounded by halos of red colouration, probably due to
secondary alteration, which decrease Iin extent away from the

greisen lode contacts.

The quartz veins are in places pegmatitic, assocliated with
the greisens and form single discontinuous bodies and swarms
of almost parallel veins in the granites and granophyre. They
carry variable amounts of arsenopyrite, chalcopyrite, bornite,
cassiterlte and molybdenite, but are badly exposed and have
not been well prospected. Wali-rock alteration around the more

sulphide-rich velns is limited.

The Mo mineralisation Is mainly present In an aplitic differen=
tlate of the Vliaklaagte granite near to the north-northwestern
contact with the Makhutso Granite., Dlisseminated molybdenite
flakes are scattered throughout the Vliaklaagte granite in areas

where the greisen bodies and quartz-pegmatite velns occur.

From the geological evidence, It is concluded that the
erosion of the batholith has reached a level where a large part

of the greisenisation halo Is exposed.

According to the fleld evidence the aplitic phase Is restricted
to a speclfic zone in the Vliaklaagte granite, whilst the grelsens
are restricted to the rodf zone of this granite as well as to
the lower contact zones of the Makhutso Granite.

Using Schcherba's (1970a) classification of greisenisation
halos, it Is concluded that the Viaklaagte granite corresponds
to the inner halo (endo-~intrusional zone) and is characterised
by endo-greisens, whereas the Makhutso Granite and Stavoren
Granophyre represent an outer halo (exo-intrusional zone) and
are characterised by their assoclated exo-greisens and hydro-

thermalites. The Vlaklaagte deposit is therefore classlfled
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as a quartz~-vein greisen in aluminium=-silicate rocks (Schcherba,
1970b).

According to Groves (1972), Gee and Groves (1971) and Schcherba
(1970a) the style of mineralisation in these types of batholiths
and their satellites, Is distinctive whilst the deposlits are
usually located In or close to the raof zones of the late biotite
and muscovite-bearing Intrusives. The occurrence of sulphides
and arsenides In the quartz velns represents the outer rim of
the outer halo.

3.2 CLIMATE AND GEOMORPHOLOGY

The study area is situated on the temperate, eastern plateau
of Southern Africa with mean monthly temperatures ranging from
10 ©C In June=-July to 25 ©C in January (Juta & Co., 1979). Dlurnal
temperature ranges, especlally In winter, are large and at night

.temperatures may fall below zero.

The annual precipitation varles between 500 mm and 1000
mm, occurring predominantly in the summer months (Juta & Co.,
1979) elther as thunder showers or as continuous gentle rain. The
surface run-off increases from heavy after thunder showers to
slow run-off after gentie showers. In Fig. 3=-2 the surface topography
of the area Is shown. The undulating topography ranges between
1280 m and 1370 m above the east-draining, perennial Kllipsprult
stream. The gradients of the slopes are low and the summits
of the higher ground flat. Soll transportation Is at present
minimal and thus Influences present soll profile formation. The
area Iis soil covered with grassland being the natural vegetation., A
few scattered trees, mountain syringa (Kirkia Wilmsil) which
are known to flourish In thlck sandy solls, also occur on the
ridges.

The sub=-soil topography, i.e. the topography of the bedrock
below, controls the direction of groundwater movement. Flig. 3-3
illustrates the sub=-soll topography and the thickness of the
regolith, as determined by the auger boreholes and prospecting
pits dug In the area. The pedogenetic horizons together with
mineralogical and geochemical data for each pit are presented
in Appendix A,
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The thickness contours shown in Fig. 3-3 indicate a good correlation
with the topography shown In Fig. 3-2, In general there is
a decrease of the soil thickness in the higher-lying parts of
the area and a significant thickening In the lower parts, especially
near the drainage channels., A sllight local high is seen at
position K in Fig., 3-3, This could have a minor effect on the
subsurface groundwater drainage and Is probably related to the
presence of aplitic granite at this tocation.

3.3 THE COMPOSITION, DISTRIBUTION AND ORIGIN OF THE SOILS
3.3.1 Surface soils

The surface solls, using the azonal classification in Table
3-1, and the distribution of the different soli types are depicted
In Fige 3-4, Although It Is expected that residual soils should
occur on the top of the ridge, it is evident from the map that
the entire area Is covered with transported solls, either colluvium
(most of which was not transported very far) or alluvium. This
appears to be the characteristic weathering phenomena of granitic
rocks (Falrbridge, 1968). ’

The two most characteristic granite landforms in the area
together with the weathering phenomena expected. for each are
shown in Fig. 3-5. The flat ridges (Fig. 3-5B) contain spheroidal
granite boulders which outcrop intermittently on top of the
ridges. The hollows In between are filled with colluvium which
covers the resldual soils (Fig, 3=-5B, plt 22). Colluvium also
covers residual soils on the slopes of the ridges (Fig. 3-5B,
pits 21 and 23)., The residual soils along the slopes below granite
domes are also covered with colluvium (Fig. 3-5A). It Is therefore
clear that no "In situ" residual soils are found at the surface
in this area,

The most abundant soil-type consists of upper slope colluvium
together with pockets of coliuvium on the crests (Fig. 3-4), On
the upper slopes the colluvium is between 1,5 and 2 m thick. The
lower slopes of the ridges are covered by middle siope and foot

slope colluvium that varles from 2 to 5 m In thickness.

Alluvial sediments are confined to the dralnage channels
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AN

AZONAL CLASSIFICATION OF SOILS
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OF SORTED
AND PARTLY

SORTED
MATERIAL




15

=
A=
H
“
=
* - HARTEBEESTFONTEN *
Y IV
kn';l ' tkm
LEGEND
Upper slope and crest colluvium
Middie slope and foo! slope coiluvium
:"‘,“ Alluvial sediments
b———— Traverse lines
[0} Prospecting pits
Road
o, Stream
Figure 3=-4: Map indicating the approximate boundaries of

the different types of surface soils. :




LEGEND

W TRANSPORTED SOIL

PEBBLE LAYER
RESIDUAL SOIL

+ + + .
GRANITE: BOULDERS (%)

A

Figure 3-5; A schematic presentation of the two characteristic
granite landforms In the area together with the
weathering phenomenon of A) a granite dome marked
by exfoliation and B) a flat ridge with occasional

outcrops of spheriodal granite boulders.




17

and range from 2 to 10 m in thickness. Along the creeks the
sediments form typlcal "vlei" deposits containing peaty carbonaceous
soil. At location S (Flg. 3-4) the alluvial material has been
worked by miners and judging from the extent of trenching, some
cassiterite must have been recovered. Along the Klipspruit the

alluvium consists predominantly of sandy quartz.
3.3.2 ' Subsurface soils

The presence of colluvium and alluvium excludes the possible
development of normal soll horizons from residual solls by
pedogenetic processes. True genetic soil horizons, although
poorly developed, can, however, be recognised in the transported
solls, The soll profiles (Appendix A) also show that the homo-
genising processes of soil formation have destroyed most of
the evidence of depositlion in the ftransported material., The
only evidence of stratification that remains in the solils is
a well-marked zone of angular and sometimes rounded quartz pebbles
or rubble. This "stone |ine"™ or "pebble layer" separates the
transported solls from the residual solls and solld bedrock.

Two distinctive topographically bounded soil profiles are
distinguished. The more general one Is a lateritic (latosol)
soil profile, also known as a ferrisol or ferralitic soil profile
using the classificatlions after Bfldges (1970) and Simonson

(1957). These solls are usually moderétely acid.

Lateritic soils usually develop under conditions of fairly
high rainfall, high temperatures, intense leaching and strong
oxldatlon (Levinson, 1980). Accordlng to Vermaak (1984) such
conditions which were suitable for the formation of lateritic
soils, exlsted during several palaso~-cycles since the Lower

Pleistocene.

The second type of soll profile is restricted to topographic
depressions and can be classifled as a "vlei" profile (James,
1957). In contrast to the lateritic profiles which have a distinct
stratified colluvial component, the viel profiles have a stratified

alluvial component,
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3.3.2.1 Latosol (lateritic) profile
Generallsed soll profiles of the ridge and upper slope areas
are Illustrated In Fig. 3-6, The diagnostic horizons shown here

are based on the soll classification system of MacVicar et al.,
(1977).

Before dlscusglng the diagnostic horizons In detall, the
relationship between the pebble layer and the B horizon needs
clarification. The pebble layer Is a non-diagnostic zone and
has a variable position In the soll profile (Fig. 3=6)., |Its
position varies considerably and depends on the thickness of
the transported solls above it. |If the +ransported soils are
thick, the entire B horlizon can be developed above the pebble
layer (Fig. 3-6A). Alternatively the B horlzon may be developed
entirely below It in the residual soll (Fig. 3-6B). Since the
pebble layer represents an unconformity the profile in Fig. 3-6B
can be conslidered to represent a partly stripped palaeo-profiie
whilst that ln‘Flg. 3-6A Is a completely stripped palaec-profile,

A typical A horizon, developed through leaching by downward
percolating rainwater, can be sub-divided Into three horlzons:-

Ay horlzon: This Is a dark=-coloured, orthic A horizon which
MacVicar et al., (1977) describe as "normal" for the ma jority
of soils In South Africa. It Is also the zone of maximum biological
actlivity, characterised by humus mixed with mineral matter. The
soils are medium textured and weakly structured with a thickness
of less than 30 cm.

A2 or E horizon: MaxImum leaching takes place In this zone,
which is pale greyish in colour. The material has a loose structure
and conslists predominantly of quartzitic sands with most of
the clays leached from I+, This zone Is usually less than 35

cm thick and Is very poorly developed in some profiles.

A3 horlzon;: The Az horizon has developed only where the B
horizon occurs in the transported solls (Fig. 3-6A). It is brown
Iin colour and transitional into the B horizon but displays the
characteristics of the A rather than the B horlizon.
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A typlical B horizon can be sub-divided into three zones,

marked by illuviation (accumulation):-

By horizon: This brown-reddish zone Is transitional to the
A3 horizon and formed under conditions of Illuviation, accumulating
leached material from the A horizon. The 2zone displays more

characteristics of the B horlzon,

B2 horizon: This is the zone of maximum Illuviation of metals,
clays and Fe and Mn oxides. The Fe and Mn oxlides usually cause
a red colouration In the solls, The zone can be classified as
a red apedal B2(T) horizon when It developed iIn transported
soils and Is marked by structureless solls in which the indlvidual
soll particles are coated with iron oxldes. However, In cases
where the parent material has a low Fe2t content or where the
soils have a higher average molisture content a yellow brown

apedal B2(T) horlzon develops (MacVicar et al., 1977).

When the B horlzon Is developed in the residual solls It
is a dark red apedal B2(R) horizon with a soft plintic structure
which preserves the granitic texture. This zone sometimes displays
red, yellow and grey mottles (concretions) which are due to
the accumulation of clay minerals and Fe and Mn oxides. According
to MacVicar et al., (1977) and Bayliss (1972) the mottled structures
are characteristic of zones which are periodically saturated
with water. The clay (kaolinite) content In the By(R) horizon
Increases gradually down to the Bz horizon.

The thickness of the transported soils above the pebble
layer, shown In Fig. 3-7, gives an indication of the type of
B horizon that can be expected in the area.

B3 horizon: The B3z horizon develops only when the B horizon
Is situated in the residual solls (Fig. 3-6B) and is then transi-
tional to the C horizon. |t contains some unconsolidated material
from the C horizon, Is whitish in colour and marked by intensive
clay accumulation. Mottled structures, marked by dominant white

concretions (possibly gleyish), are observed in this zone.

C horlzon: This zone consists of "In situ® unconsolidated

weathered bedrock and its thickness depends on the susceptiblility
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of the bedrock to weathering. Table 3-2, based on field observations,
lists the rock types In the study area In order of decreasing
susceptibility to weathering.

TABLE 3-2. RELATIVE WEATHERING SUSCEPTIBILITIES OF THE ROCK
TYPES IN THE STUDY AREA.

High susceptibility Grey Makhutso Granite
' Grey Viaklaagte granite

Medium susceptibility Stavoren Granophyre
Granite aplite

Low susceptibility Quartz pegmatite

From this it is concluded that the C horizon is thicker above
the Makhutso Granite than above the aplitic granite under the

same weathering conditlons,

R horlzon: This Is solid bedrock (parent material) which
contributes material to the C horizon,

Pebble layer or rubble zone (P horizon): This horizon consists
of quartz pebbles and rubble and marks a palaeo-surface that
may have formed through the selective removal and redeposition
of material under high energy conditions during a period of
unusually high rainfall (Fig. 3-8). James (1957) describes a
"stone line" or "pebble zone"™ in Rhodesian solls and in part
accounts for it as a consequence of the activities of termites
bringing fine material to the surface with the consequent sinking
of larger material, The possibility that the top of the zone
could mark the point below which soil creep does not take place
Is also mentioned,

Brink and Williams (1977) described this zone as a "pebble
marker" and regarded It to be the result of gravity and rainwash
which may have taken place in the Pleistocene or even Iin the
Tertiary.

Evidence found In the pebble layer on the farm Viak laagte
221 JR tends to support the contentions of Brink and Williams
(1977).
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Fig. 3-8: The pebble layer.,
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These include:-

- The elongated quartz pebbles, specifically those along
the slopes, have an orientation which coincides with
the present surface run-off direction (Flg. 3-9).

- The quartz pebbles become more rounded down slope,
which is an Indication of the distance of transpor-
tation.

- The size of most of the quartz pebbles (essentially
on the ridge) indicates that they originated from
quartz pegmatite veins; the latter are found only
in some parts of the area.

- Relatively unaltered greisen and quartz velins, observed
In some of the pits end at the pebble layer with no
sign of a contlinuation above it, This iIndicates that
that the soills above the pebble layer are not "liIn
situ",

- Weakly structured soils which occasionally show grading
due to transportation are present above the pebble
tayer. Below it the granitic structure Is preserved.

The pebble layer Is particularly well developed on top
of the ridge where it occurs as a thin sheet of large angular
and subangular quartz pebbles and more resistant rock materlal. The
latter Includes boulders of greisen and greisenised granite. The
quartz pebbles decrease In size and become more rounded and
sorted further down slope, whilst the pebble layer becomes thicker
(Fige 3=-9), This indicates that Intensive rainwash did take
place on top of the ridge and above the resistant aplitic granite.

Due to the fact that the B horizon tends to develop at
a fixed depth with the lower |Imit at about 1.5 m from the surface,
the pebble layer may occur at virtually any position in the
soll profile, between the A and R horizon (Fig. 3-6).

3.3.2.2 Viel profiles

These solls are the result of flooding and waterlogging In the
shallow valleys. The profiles are built up of different layers
of stratified alluvium and it proved impossible to recognise

any conventional soll stratigraphy In it.
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The viel profiles are characterised by an organic-rich
grey=-black horfzon. No B horizon was observed due to the fact
that the solil profiles are bulld up of interbedded layers of
leached quartz sand and organic rich clay (Appendix A, profile
13).

The interlayering reflects the variation in climatic conditions
during the period of soll formation. The quartz sands represent
periods of high energy whilst the organic-rich clay layers represent
periods of lower energy and sedge vegetation. This could be
explained by successive flooding, torrential rains or capturing

of the river upstream,
3.3.3 Bedrock material

Although the classification of MacVicar et al. (1977) covers
diagnostic horizons in unconsolidated material (soils), they
make no provision for weathering zones in bedrock material., Fig. 3-10
Illustrates typical weathering zones which are referred to as
R1, R2, R3 and R4 in the R horizon of profile 6 (Appendix A)
on fhe Viaklaagte granite. They result from "in situ®™ chemical
weathering and represent different stages of the chemical breakdown
of the bedrock.

In profile the zones are as follows:
R4 zone:- An Inner zone with relatively fresh, unaltered
to slightly altered grey Vlaklaagte granite.

R3 zone: - A red oxidation zone of altered granite.

R2 zone:- A whitish-grey leached (reducing) zone of altered
granite.

R1 zone:- A brown zone of highly altered granite.

3.3.4 Genesis of soll profiles

In Flg. 3-11 a generalised schematic soil profile from the top

of a ridge down to the valley Is presented. It Is assumed from

the stratigraphic position of the pebble layer, that most of
the palaeo-colluvium and residual soils on top of the ridge
and upper slopes were redeposited on the lower slopes at the
time of formation of the pebble layer. The pebble layer therefore

overlies the residual solls or bedrock on the ridge and upper
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slopes. At the lower foot slopes, material from the higher
ground Is redeposited on palaeo=-colluvium not removed during

this high energy period (Appendix A, profile 24).

The transported soils above the pebble layer represent
a more recent stage of colluvial deposition. Variations 1in
thicknesses of these transported solls (Fig. 3-7) largely colinclide
with the variation in thickness of the pebble layer (Fig. 3=9), The
pebble layer represents high energy conditions, whilst the recent

transported soils represent lower energy conditions.

From the above evidence it is clear that at least three
distinct periods of soll profile development existed in the
study area. Two drier periods are separated by a period of moderate
stripping., It Is possible that several periods of stripping
occurred since the Lower Pleistocene as portrayed by Vermaak
(1984), Following the above processes soil profile deveiopment
continued In both the remaining palaeo-profiles and the newly
formed sediments, thus resulting In superimposed profiles. Fig. 3-12
Is a schematic presentation of the proposed sequence of events.

The high-rainfall conditions causing the formation of the
pebble layer also caused the development of the typical lateritic
profiles still witnessed in the residual sofls. Bayliss (1972)
and Sherman and Kanehiro (1954) suggest that the mottled and
pallid zones usually deQelop in the upper and lower C horizon
respectively, which are evidently not thelir position in the
present proflles., The present profiles are characterised by
a lateritic, mottied B horizon and a lower gleyed (pallid) zone. On
the foot siopes the mottled and pallid zones are expected to
remain in the top part of the C horizon (Fig. 3~12).

The formation of mottled or gleyed zones have resulted
from watersaturation In the zone of lateral groundwater movement
(l.e. the C horizon) during the Pleistocene or Tertiary. These
zones which are typical of high rainfall and oxidising environments
then remained as non=-diagnostic palaeo~zones in the present

soil proflles.

This is the maln reason why these mottled and gleyish zones

occur in the residual solls directly above or in the upper part
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of the C horizon and below the pebble layer, In the more recently
transported soils above the pebble layer similar zones do not
occur and are due to the relatively drier conditlions which prevalled
in the Holocene, The soils developed during the Pleistocene
or Tertiary appear to be typically lateritic.

The Holocene soll profiles In the transported solils are
less lateritic due to the lower rainfall and the absence of
a fluctuating watertable. These soils can thus be classified
as either Shepstone Form or Hutton Form soils (MacVicar et al.,

1977). The presence of an As horizon fits the model of the Shepstone

Form and when not developed, the model of the Hutton Form solls
is applicable.




4, PETROGRAPHY AND MINERALOGY

A study of the petrography and mineralogy of the various rock
types Iin the area Is essential as they act as the source for
all the secondary materlial., The rock fypes studied are the Stavoren
Granophyre, Makhutso Granite, Vlaklaagte granite, granite aplite
and all the assoclafed alteration products,

The Stavoren Granophyre Is typically fine-grained and has
a red colour. It consists of turbid grains of orthoclase micrograph-
ically Intergrown with quartz., Plagioclase (albite-oligoclase)
occurs mainly as a colourless phase in microperthite, The ferromag-
nesian minerals are biotite and hornblende whilst the accessory
minerals Include zircon, sphene, apatite, fluorite, magnetite,

ilmenite and hematite.

The Makhutso Granite is a grey, coarse-grained blotlite
granite which Is porphyritic in places. Altered subhedral ortho-
clase, quartz (which malinly occupies irregular Interspaces),
euhedral oligoclase, blotite (anhedral and Interstitial) and
hornblende are the major constituents. |Intergrowths of orthoclase
and plaglioclase are common whilst micrographic Intergrowths
between quartz and orthoclase are also present. Myrmekite Is
often present in minor amounts and saussurite and sericite occur
as minor alteration products of the plagioclase and orthoclase
respectively. The blotite and hornblende are siightly chloritised.
The accessory minerals Include muscovite, sphene, zircon (malacon)
and opaque minerals such as magnetite, Ilmenite, hematite and

pyrite which are usually associated with blotite.

The Viaklaagte granite Is a grey flne~-grained granite which
is porphyritic in places. lf Is intrusive into the Makhutso
Granite and is considered to be the equivalent of the Koornkopje
granite (Marlow, 1976). Except for the fine~-grained texture
and the abundance of blotite and molybdenite, no mineralogical
difference exists between [t and the Makhutso Granite. Molybdenite
Is visible in hand specimen and is restricted to more aplitic

samples of the granite.

The granite apllite assocliated with the Viaklaagte granite,

Is porphyritic in places and displays a very fine-gralined texture.
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Euhedral phenocrysts of quartz, oligoclase, orthoclase and biotite
are disseminated in an allotriomorphic matrix of the same minerals.
Alteration and replacement in the Vlaklaagte granite are observed,
which are the result of greisenisation and the formation of

quarz-pegmatite velns.

In hand specimen the endo- and exo-grelisens reveal a medlium=-
to fine-grained texture with a grey appearance (Fig. 4-1). Dlissemi-
nated dark minerals (biotite and/or cassiterite) occur In these
rock-types. Only isolated grains of cassiterite were found"
in most of the grelsens and pockets of high grade ore are less
" common. Two examples of telescopic zonatlon are shown In Fig. 4-2.
They include zonation around a massive greisen body (Fig. 4-2a)
and zonatlon resulting from flash greisenisation, due to the
sudden opening of fissures, (Fig. 4-2b).

Each telescoplic zone has a characteristic mineralogical
composition and assemblage of alteration products, which indicate

that alteration increases to the inner zones i.e.:~-
An outer zone of unaltered Vlaklaagte granite.

A partly greisenlsed zone (Fig. 4-3a) of fine=-grained,
partly recrystallised quartz, saussuritised oligoclase,
sericitised alkali feldspar and chloritised and/or epidotised
biotite. Abundant epidote was recognised in the thin sections.
Fluorite and cassliterite fill the velins.

A grelsenised zone., A flash greisen (Fig. 4-3b) consisting
of subhedral fractured quartz and anhedral topaz which
are cemented In a flne~-grained matrix of sericite, biotite
and chlorite., Fluorite, magnetite, ilimenite, cassiterite
and secondary quartz are present as veins and interstitial

grains.

The greisen (Fig. 4-3c) consists of euhedral sericite
and blotite, subhedral secondary quartz and minor anhedral
plaglfoclase (oligoclase). Fluorite, chlorite, topaz and
cassliterite are also abundant whilst gilbertite often occurs
depending on the amount of F available. Magnetite, iimenite

and fluorite are often observed flilling veins.



Figs. 4-1: Grelsen In handspecimen.
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Q - Quartz vein

G - Greisen

RG- Red granite (altered)
GG~ Grey granite

Fige 4-2;: Part of the zonation around a massive grelisen body
in Vliaklaagte granite (a) and zonation of a flash

greisen vein In Viaklaagte granite (b).
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Fig. 4-3: Red altered Vliaklaagte granite in thin section (a),
flash greisen Iin contact with a quartz veiln (Q) In

thin section (b) and greisen In thin section (c).



37

A monomineral greisen facles (inner zone), not necessarily
present in massive grelisens, This zone consists of quartz
veins with a comb-texture. Crystals of cassiterite were

also observed in the velins,

Pegmatitic quartz veins near the contact with the roof rocks
(i.e. the Makhutso Granlte and Stavoren Granophyre) are associated
with flash greisenisation. The quartzitic veins In the outer
halo (exo=-zone) contain chalcopyrite, bornite, arsencpyrite,
minor cassiterite and ferberite. These veins represent the end
phase of the grelsenisation, The Makhutso Granite Iin contact
with these velns Is chloritised containing predominantly chamosite.

The greisens are regarded to be mesothermal (marked by
extensive sericitisation) and the sulphlide zone as epithermal
(marked by chlorite and epidote).

The observed telescopic zones are typical of pneumatolitic=-
hydrothermal deposits (Park and Macdliarmid, 1975). These zones
normally grade into lower temperature zones in the cooler wall
rocks. As a result of the temperature gradient that existed
chlorite and epidote, which are typical epithermal minerals,
are assoclated with the red altered zone which occurs outside

the mesothermal greisen zone.
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5 MINERALOGICAL WEATHERING AND DISPERSION PATTERNS IN THE
SECONDARY ENVIRONMENT.,

The Importance of various types of weathering under different
temperature and rainfall conditions is stressed by Peltler (1950).
According to his classification, the prevailing weathering action
In the study area Is expected to entall moderate chemical processes.
The most common weathering features observed are the zoning
of rocks and soils caused by the chemical breakdown and alteration

of minerals.

It was shown in Chapter 3 that the weathering products
In the study area can be divided Into residual and transported
materlals. The pebble layer, which consists mainly of transported
material, has unique mineralogical weathering and dispersion

patterns that are discussed separately.

Grain-size is a function of both mechanical and chemical

weathering and justifies some discussion In this chapter,
5.1 RESIDUAL MATERIAL

The residual material Is subdivided into bedrock material and
unconsol ldated material on the basis of differences In the density
and compaction.of the material.

5.1.1 Bedrock material

A study of thin sections of each of the four zones (R1, R2,
R3 and R4, Chapter 3.3.3) which consist of bedrock material
revealed the following:

R4 zone (lnner zone conslsting of fresh to slightiy altered
grey granite):-

The feldspars range from fresh to slightly altered with
dissolution and etching along twin planes and graln boundaries.
Oligoclase Is more susceptible tfo weathering than the potash
feldspar. The biotite is In places slightly chloritised and
the quartz Is unaltered.
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R3 zone (Red oxidation zone of altered granite):-
The potash feldspar displays a reddish colour and is partly
illitised!.

The plaglioclase Is almost completely serlcif!sed ({De Lapparent,
1909; Millot, 1970) with the subsequent formation of secondary
quartz and biotite. Primary biotite is iIntensively chloritised
and hematitised (goethitised) but the quartz Is unaltered.

R2 zone (Whitish-grey leached zone of altered granite):-

The plagioclase Is almost completely kaolinised (probably
metahalloysite) with relicts of sericite in it. The potash feldspar
Is more sericltised than kaolinised but exsolutions of hematifte

are absent. The biotite has a light colour and is chloritised
with the formation of secondary magnetite and/or llmenite. Quartz
still remains unaltered. This zone is therefore reducing.

R1 zone (Brown zone of completely élfered granite): -

The complete decomposition of plagloclase and to a lesser
extent K-feldspar and blotite results in the disaggregation
of the granite. Illite, kaolinite (probably also metahalloyslte)
and mixed layered clay minerals are slightly hematitised and/or
goethitised and the dissolution of biotite has led to the formation
of hematite. Pseudomorphs of orthoclase are still vaquely recog-

nisable but the quartz remains unaltered.
5.1.2 Unconsol idated residual material

Lyling directly on the bedrock materlial is a profile of unconsolidated

residual material.

The mineralogical dispersion patterns in the unconsolidated
material are complex. This has resulted from the interaction

of a number of weathering agents.

The typical soil profile of this material consists of a

C horlzon and a B horizon with the A horizon consplicuously absent.

1X-ray diffraction peaks were too small to distinguish between
poorly crystallised sericite and Illite.
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C horizon:- The almost complete weathering of plagioclase
and to a lesser extent orthoclase and blotite, result In the
complete disintegration of the granite. Individual quartz grains
still preserve the original granitic texture. The plagloclase
Ils sericitised (illltised), kaolinised (metahaloysite) and
hematitised., Most of the potash feldspar Is only partly serlici=-
tised, illitised and hematitised and even less kaolinised., The
leaching of bliotite probably resulted in the formation of chlorite.
Magnetite, Ilimenite, hematite, goethite and zircon are the most
common heavy mlinerals. Cassliterite and topaz are only present
in material overlying the more differentiated granites. A mottied
and pallid zone is expected in the upper parts of the C horizon
on the footslopes. In the latter situation mineralogical dispersion
patterns similar to those described for the By and Bz horizons
are applicable.

Bz horlzon:- This horizon Is marked by quartz grains which
preserve the granitic texture and are embedded in a white clay
matrix of predominantly kaolinite with less commonly Iillite,
vermiculite and other mixed-layer clay minerals. The plagioclase
Is completely altered but less altered blotite and kaolinised
K-feldspar grains are still present. The quartz grains are frequently
coated with iron oxlde. Magnetite, limenite and zircon are

the most abundant heavy minerals with cassiterlite and topaz

also present above differentiated granite.

B2(R) horizon:- The granitic texture is preserved in this
horizon and the quartz which Is coated with Iron oxides Is unaltered
and present as the dominant mineral. lron oxides and clay minerals
are parffculérly abundant in this horizon. The unmixing of the
clay minerals and the Iron oxldes sometimes result in a mottied
texture. Feldspar and blotite grains are absent and the most
common heavy minerals are hematite, goethite, magnetite, llmenite
and zircon. Cassiterite and topaz are only present in mineralised

areas,

Microscopic examination of the minerals in the Makhutso
Granite, the Vlaklaagte granite and its differentiates, indicates
that the stability increases in the sequence plaglioclase >
biotite > potash feldspar > iimenite, magnetite, cassiterite,
zircon, topaz and quartz. A diagram illustrating the possibie
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pathways of mineral transformation during the weathering sequence
established from observations made in thin sections and on mineral

grains, Is presented in Fig. 5-1.

In the solls studied, sodium plagioclase weathers to sericite
and ultimately to kaolinite and Iron oxides. De Lapparent (1909)
and Millot (1970) also report the formation of potassic and
not sodic sericite from sodium rich plaglioclase as an intermediate
product. Serlcite can thus be expected as an iIntermediate product
in the weathering of sodium plagloclase and not saussurite. This
may be due to the fact that both Na and Ca are highly mobile
and are leached rather than involved In neominerallisation.

According to Sand (1956) and Bates (1952) sodium=-rich
plagioclase usually alters fto halloysite during hydrolysis. Bates
(1952) polnts out that halloysite forms only under water but
if It Is exposed to a dry atmosphere it dehydrates to metahalloysite
which Is difficult to distinguish from kaolinite. These soils
which form during a wetter period followed by a dry period,
could contain kaolinite with minor amounts of metahalloysite.

Biotite is altered to chlorite, chlorite-vermiculite and
ultimately to vermiculite and iron oxides (Stephen, 1952). Walker
(1949) points out that mlca-vermlculi*eVlnferlayered minerals
form initially, but with advanced weathering alter to vermicullte.

Observations on Vliaklaagte indicate that the K-feldspar

alters to Illite and eventually to kaolinite, thereby suggesting
a varlation In the rates of hydrolysls and removal. Loughnan
(1969) polnts out that in the alteration (hydrolysis) of potash
feldspar, Illite Is formed If the rate of hydrolysis exceeds
the rate of removal, but If the converse is true, kaolinite
is expected. Therefore, if potash Is retained during hydrolysis,
itlite and not kaolinite forms as an intermediate residual product.

It is thus evident that in the study area quartz, the kaolinite
group clay minerals, vermiculite, iron oxides (goethite and
hematite), ilmenite, magnetite, cassiterite, zircon and topaz
are the most stable end products in the secondary environment.
X-Ray diffraction examination of the fine fraction of typlical

profiles for the ridge and upper slopes has indeed pointed to
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OTHER IRON OXIDES KAQLINITE
URCES—_) (Goethite and VERMICULITE (probably also
SO hematite) metahalloysite)

SERICITE, ILLITE

VERMICULITE and other mixed
layered -clay minerals

CHLORO -

CHLORITE

K obtained from hydrolysis
of K-feldspar and biotite

POTASH
BIOTITE PLAGIOCLASE FELDSPAR

Figure 5-1: Chemical weathering of the rock-forming silicates.
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the presence of quartz, kaolinite, illite, goethite, hematite,
chlorite and clay mixtures with a basal spacing between 10 and

14 A. The latter are expected to include vermiculite.

The relative concentration of the kaolinite group, illite,
chlorite and the Iron oxides (goethite plus hematite) In the
residual soll profiles, is depicted In Fig. 5-2, From this diagram
it is evident that the kaolinite group clay minerals which are
the most abundant clay minerals in the B horizon, are enriched
In the B3z horlzon. Conversely Illite is the dominant clay mineral

In the R horizon and its concentration decreases upwards.

Chlorite Is almost exclusively present In the R and C horizons
and may represent an intermediate stage in the weathering of
biotite. The unidentified clay mixtures with basal spacings
between 10 and 14 A, which iInclude vermiculite, are enriched
in the B2(R) horizon which represents a highly leached end product.
Goethite and hematite are enriched in the B2(R) horizon. This
is due to the oxlidation of the Fel* to the Fe3t state.

A good correspondence Is observeﬁ between the distribution
of iron minerals and kaolinite in the B3z and B2(R) horizons
and those found by Baylliss (1972) in the lower and higher C
horizons of a typical lateritic soil. This indicates that the
B3z and B2(R) horizons had to form under water-saturated conditions.
These mottled and pallid zones are expected to be present in
the upper part of the C horison on the foot slopes (Fig. 3-12).

Electron-microscopic examination of the mineral fraction
with an S.G. greater than 2,692 confirmed the presence of magnetite,
ilmenite, zircon, goethite and hematite. Cassiterite and topaz
are only present in solils directly above mineraiised granitic
rocks. The concentration of heavy minerals increase from the
C horizon to the B(R) horizon, This Is due to the eluvial con-

centration of the more resistant minerals.

Chemical and physical degradation of the heavy minerals
cause thelr grain size to decrease In the upper horizons. Magnetite,
ilmenite and zircon are present throughout the profile in small
quantities., Goethite and hematite are enriched in the upper
horizons (particularly the B2(R) horizon). |f the parent rock
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RELATIVE PERCENTAGE OF WHOLE SAMPLE
(SILT AND CLAY FRACTION)
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Figure 5-2: Diagram showing variations In the concentrations

of clays and Fe-oxides in the silt=cltay fraction

In the residual soils.
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is particularty rich in Iron, the C horizon is also extremely
rich In hematite. When present cassiterite and topaz are found

throughout the whole profile,
5.2 TRANSPORTED SOILS

The extremely complex mineral distribution and weathering patterns
In this environment result from the complex interplay of chemical
and physical weathering processes. The complexity of these
solls does not allow the construction of a single model that
fits all the possible mineralogical dispersion patterns. Each
layer of transported soil could have had a different source
and therefore a different mineral assemblage.

5.2.1 Colluvium (Latosols)

The sedimentary characteristics of the colluvial deposlits in
the area are almost completely destroyed by the homogenising
pedogenetic soil formation processes. The origin of the soil
is therefore best reflected by the distribution of the heavy
minerals In each layer. Since it Is Impossible to Identify
~sedimentological units in the colluvium, it Is treated as a
single profile with diagnostic horizons (A and B) based on minera-
logical differences., These horlzons formed due to eluviation

and Illuviation of clay minerals and iron oxides.

Most of the clay minerals are reworked, l.e. leached in
the A horizon and redeposited in the B or even lower horizons. The
reworking process Is both physical and chemical (Millot, 1970); some
of the colloidal clay particles are physically washed down from
the upper eluviated to the lower Illuviated zones, The minerals
present In the silt-clay fraction are quartz, kaollinite group
minerals, goethite, minor i11lite, hematite, vermicullte and
unidentified mixed-layer clay minerals. Kaollnlite predominates

and is enriched In the B horizon (particularly the By horizon).
5.2.2 Alluvium (Viel profiles)
The various layers of stratified alluvium show no evidence of

homogenisation., Each layer reflects the energy conditions prevailing

during its deposition. The quartzitic sands consist mainly
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of rounded and subangular quartz with minor resistant minerals

such as ilmenite, magnetite, zircon and cassiterite. Kaolinite
Is the domlinant mineral in the organic rich clay bands with
less quartz and traces of IImenite, magnetite, zircon and cassiter~
ite.

5.3 PEBBLE LAYER

The pebble layer is a complex mixture of relict and redeposited
transported material., Both relict and redeposited components
can be distingulished In the relatively thin pebble layer on
the crest and upper slopes, but the latter componenf'ls predominant
in the thicker layer on the middle and lower slopes.

The layer on the crest and upper slopes consists of large
quartz pebbles, rock debris and weathering resistant heavy minerals
such as Ilmenite, magnetite, hematite, goethite, zircon, casslterite
and topaz, which remained behind during the wash-out processes
and are moved over short distances. These pebbles and mineral
grains are angular to subangular with aimost no sign of transpor-
tation.

The layer on the middle and lower slopes consists of a
mixture of smaller redeposited, rounded and subangular quartz
pebbles and grains, goethite pellets, clays and weathering resistant
heavy minerals, All these materlials originated some distance

away and were redeposited wilth decreasing energy conditions.

In the pebble layer on the crest and upper slopes the
redeposited material mainly fills the gaps between the coarser
relict material. This is a result of the redeposition of material
during the decrease in the energy conditions that followed a
period of high energy.

On the middle and lower slopes, where the pebble layer
mainly consists of transported material, grading of the material
has taken place In some of the profiles (Appendix A, profiles
16 and 17), This grading is due to a decrease In the energy
conditions which prevailed during the formation of the pebble
layer.
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5.4 GRAIN-SIZE DISTRIBUTION IN THE LATOSOL PROFILE

Grain-size distribution proved to be a means of distinguishing
between transported and residual soils., It is also useful in
determining the source, sand grade and texture of the soill (MacVicar
et al., 1977). The slze fractions used In this study are the
>2 mm fraction (gravel), the .425 - 2 mm fraction (coarse sand),
the .180 - .,425 mm fraction (medium sand), the .075 - .180 mm
fraction (fine sand) and the <.075 mm fraction (silt plus clay).

The grain-size distribution in typical soll profiles from
the area Is illustrated in Fig. 5-3a and b, These figures illustrate
the grain-size distribution in typical soils above the Viaklaagte
granite and Makhutso Granite respectively.

It is evident from the dliagrams that the gravel-sized fraction
in the residual solils overlying the Makhutso Granite exceeds
the coarse sand fraction whilst the reverse is true for residual
solls overlying the Viaklaagte granite. In transported solls
the weight percentage of the gravel fraction always drops to
below that of the coarse and medium sand fractions depending
on the source of the material and the distance of transportation. The
dominant fraction in the residual soils usually ylelds a finer
fraction when transported and becomes finer as the distance
lﬁcreases. As a result of this the coarse and medium sand fractions
tend to be dominant In the transported soils originating from
the Makhutso Granite and Vliaklaagte granite respectively.

The pebble layer Is marked by a dominant gravel fraction
and depleted coarse and medium sand fractlions (Fig. 5-3a and
" b). The weight percentages of the fine sand and silt-clay fractions
are very low In both transported and residuai soils with a slight
increase in the B horizons (mainly due to the accumulation of

clay minerals in these horizons).

It Is possible to distinguish between the residual soil,
pebble layer and transported soliis by plotting the average weight
percentages for the gravel, coarse sand and medium sand fractlons
on a8 triangular diagram (Fig. 5-4). The solls derived from the
Viaklaagte granite (finer-grained) and the Makhutso Granite

(coarser=-grained) can also be distinguished on this diagram.



PROFILE
*L!l WEIGHT PERCENTAGE w WEIGHT PERCENTAGE
DEPTH (‘)M) O 10 2 30 40 50 60  DEPTH(M) O 10 20 30 40 S0 6o
1 1 )| 1 | J 0 | 1 1 1 L }
A, f A, LEGEND
A, X A, e GRAVEL
A, X A; ® COARSE SAND
0,5 A MEDIUM SAND
051 B, B © FINE SAND
B, X SILT and CLAY
B, 104 P
1,0
/ 151
C x
1,5
A ' B
VLAKLAAGTE GRANITE MAKHUTSO GRANITE
Figure 5-3;: Graln-size distribution in A) a soil profile
in the Viaklaagte granite and B) a soil profile

in the Makhutso Granite.
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MEDIUM SAND

/\ N\ N\ /\
GRAVEL /\ A A A A COARSE SAND
LEGEND
Residual soil (Makhutso Granite) -0
Residual soil (Vlaklaagte granite) - =
Pebble layer -
Transported soil (Viaklaagte granite) - 4
Transported soi! (Makhutso Granite) - X
Figure 5-4; Diagram showing the predominant grain-size distri-

buticon patterns in different soil=-types overlying
the granites,
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The above diagram can thus be used to determine whether
a residual soll overllies the Makhutso or Viaklaagte granite. For
the determination of the possible source of transported solils
this diagram Is unreliable due to factors such as grading and
the distance of transportation., 1t furthermore makes it possible
to distinguish between residual and transported solils, even
when the pebble layer Is absent, The graln=-size distribution
will, however, be different for different source rock-types.

A sand grade chart (Fig. 5-5) indicates the sand grade
of the soiis to be coarse whiist the texture Is loamy sand to
sand (Fig. 5-6).

The mineral distribution in the soll fractions ranges from
almost only quartz In the gravel and coarse sand fractions to
dominantly clay minerals (mainly kaolinite) Iin the silt=clay
fraction, The type of clay mineral depends on the horizon In
which it occurs. Flake-shaped secondary minerals such as sericite
and [llite are concentrated In the sand fractions and in particular

in the medium and fine fractions,
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FINE SAND

MEDIUM

COARSE SAND SAND

N\ N\ /A N N\ N\ N\ A /AN
COARSE SAND MEDIUM SAND
LEGEND
Residual soil (Makhutso Granite) -m
Residual soil (Vlaklaagte granite) - =
Pebble layer - %
Transported soil (Viaklaagte granite) - &
Transported soil (Makhutso Granite) - X
Figure 5-5; Sand grade chart (after MacVicar et al., 1977). Values

are expressed as percentages of the total sand

fraction.
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sand : .075 -2 mm

silt + clay:<.075 mm

% CLAY

silt loam

\
/T \

%SAND % SILT

Field occupied by sand/siit + clay ratio.

Figure 5=6: Texture chart (after MacVicar et al., 1977). The

. weight percentages of the sand fraction are plotted
against the total weight percentages of the silft
plus clay fraction.
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6. GEOCHEMISTRY OF THE ROCK-TYPES

The major and trace element data of the 28 rock samples which
were analysed, are presented In Appendix B. Four composite quartz-
pegmatite samples and one sample of chloritised Makhutso Granite

were also analysed for trace elements.

The major and trace element compositions of the principal
rock types distinguished in the study area are shown in Table
6-1 .

6.1 MAJOR ELEMENTS

Figs. 6-1a and b show the major element data normalised against
the Makhutso Granite. Since the Vliaklaagte granite and the
granite aplite may be late-stage differentiates of the Makhutso
Granite, Fig. 6-1a is used to estimate relative enrichments
and depletions In this pre-pegmatitic phases,

In Fig. 6-1b the altered Makhutso Granite and its grelsen
which formed as a result of metasomatic alteration in the exogenetic
zone, are compared with the Makhutso Granite. The alteration
products of the Vliaklaagte granite are also compared with the
Makhutso Granite In this figure. In Fig. 6-1c the red Viaklaagte
granite and its greisen, which are products of metasomatic alteration

in the endogenetic zone, are compared with the Viaklaagte granite.

Si0,

The concentration of Si0p remains relatively constant in the
sequence Makhutso Granite, Vlaklaagte granite and granite aplite. In
the alteration products of both granites no appreciable change
was observed elther, but Si0; Iis depleted in the greisens, especially
those associated with the Viaklaagte granite,

It is possible that the removal of Si0; during the greisen-

Isation process contributed to the formation of the quartz pegmatite
veins (associated with the greisens) as the last crystallising

stage.




TABLE 6-1:

MEANS AND STANDARD DEVIATIONS OF THE

TRACE ELEMENT CONCENTRATIONS,

MAJOR AND,

RDCK
TYPE D F G H
eLement] X S X 5 X 5 X X s x s | X 3 X
510, 76.62 2.35( 76.16 0.99 | 77.49  o.20 |72.60 73.89  0.63 | 7.50 0.7 ] 75.48 150 ] 62.76  7.57
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u 8.5 9.2 8.3 1.5 8.5 0.7 36 29.6 5.3 2.0 1.4 2.6 5.9 325 9.21 |K - Eplthermal aifered Makhutso Granite In sulphide rich
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Major element compositions of the Viaklaagte
granite and granite aplite normalised against
the Makhutso Granite (a),’greisen and red granite
normalised against the Makhutso Granite (b) and
greisen and red granite normalised against the

Viaklaagte granite (c).
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TiO2

An tincrease of TiOp In the Vlaklaagte granite and granite aplite
relative to the Makhutso Granite is observed., The gas-liqulid
phase that caused the greisenisation, however, reduced the
TiO2 In the immediate surrounding wall rocks. This is proved
by the fact that the altered Makhutso and Viaklaagte granite
as well as the grelisen from the Viaklaagte granite are all depleted

in TiO2 compared to their respective wall rocks.

Al 203

The concentration of Al203 remains the same In the Makhutso
and Vlaklaagte granite and the granite aplite. In the metasomatic
products Al703 is only enriched In the endo-greisens. Phyllo-
sillcates along with topaz are the most important aluminium

bearing minerals in the greisens.

Fe203 and FeO

Progressive Fe-enrichment was observed In the sequence Makhutso
Granite, Vlaklaagte granite and granite aplite. The Fep03 to
FeO ratio Is higher in the Vlaklaagte granite than In the granite
aplite. This probably reflects the drier magma from which the
aplite crystallised. The greisens also reflect strong Iron enrich-
ment, In Flg. 6=1b it will be noted that the ratio of Fej03
to FeO is higher in the endo- than in the exo-intrusional zone. The
higher ratto Is alsoc observed when comparing the alteration
products of the endo-genetic zone with the Vliaklaagte granite
(Fig. 6=1c). This suggests that a greater degree of oxidatlion
prevailed in the endo- than in the exo-genetic zone,

MnO

In the pre-pegmatitic phases, MnO Is enriched in the granite
aplite only, This enrichment Is probably a result of the dis-
equilibrium caused by the separation of the gas-liquid phase
from the solid phase. The excess Mn2% (0.91A) that remains in
the solid phase after the gas-liquid phase was separated, probably
replaced elther the Ca2%* (1.06A) or the Mg2* (0.78A) in the
silicates as described by Goldschmidt (1954),

In the altered zones Mn0O Is enriched only in the exo-intru-
slonal zone (red Makhutso granite and the associated greisen). The

MnZ2* in the gas=liquid phase thus only took part in the late
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stages of metasomatism in the exogenetic zone,

Mg0

The MgO content first Increases from the Makhutso to the Viaklaagte
granite and then decreases in the granite aplite. In the zones
of metasomatic alteration the greisens are slightly enriched
in MgOoO and the red altered granitic zones depleted in MgO. The
depletion of MgO In the red altered granitic zones can be attributed
to Its leaching from blotites in this zone.

Ca0 and Nay0

The Naz0 and Ca0 decrease in concentration In the sequence Makhutso
Granite, Viaklaagte granite and granite aplite, During the grelsen-
isation process the Ca0 and Naz0 are removed from the metasomatic

products with a maximum depletion in the greisens,

K20

A slight increase In the K20 content Is detected In the sequence
Makhutso Granite, Vlaklaagte granite and granlite aplite. Both
the grelisens and red altered granites are slightly enriched
in K20 compared to the wall rocks.

6.1.1 Discussion

To accomodate the differences In the elemental behaviour In
the pre-pegmatitic (fractional crystalisation) and the pegmatitic
stages (metasomatism), the behaviour of the elements are discussed

separately for each,

According to Thornton and Tuttle (1960), Wedepohl (1978)
and Rankama and Sahama (1950), SiO2, MnO and K20 Increase as
the differentiation index (pre-pegmatitic) Increases. Although
MnO and K70 follow this pattern, Si0Os remains the same In the
sequence under consideration, It Is possible that some silica
may be Incorporated into the gas=-liquid phase during crystailisation
and that it ultimately caused the quartz-pegmatite veins +to
form,

Thornton and Tuttle, (1960), showed that Ca0, Mg0 and total
Fe decrease during differentiation with Najs0 only decreasing
when the pegmatitic stage Is approached. In the sequence studied,
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Nao0 and CaQ decrease but Mg0 and total Fe do not. MgO, however,
increases from the Makhutso to the Vliaklaagte granite and then
decreases marglnally to the granite aplite. The fact that blotite
is relatively abundant in the Vlaklaagte granite and granite
reflects the enrichment of Mg0 and total Fe.

apllite,

TiOy usually concentrates in early crystallates but in
this case behaves similar to Fe. This Is probably also the result

of the formation of blotite when the pegmatitic stage is approached.

In the pegmatitic stage metasomatic alteration of the granites

(with which the gas=-liquid phase came into contact) took place,

causing the formation of the red granites and greisens.

The elements depleted from the metasomatic end products
are Si05, TiOp, Ca0 and Nay0. Inversely Alp03, total FeO, MgO
and Kp0 are concentrated in these rocks with MnO only enriched

during the very late stages of metasomatism in the upper zones.

6.2

\

TRACE ELEMENTS

The trace element data for the different rock types are summarised
in Table 6-1, Flig. 6-~2a shows the mean values for the Viaklaagte
granite and the granite aplite normalised against those of the

Makhutso Granite, Flg. 6-2b and ¢ similarly show the mean values

of the respective greisens and red granites normalised against
the Makhutso and Vlaklaagte granites respectively.

Lithium Is enriched In both the Vlaklaagte granite and
granite aplite relative to the Makhutso Granite. It Is also
enriched In the grelisens from both the Makhutso Granite and

Viaklaagte granite, No change In the concentration of LI 1is
observed in the red Makhutso Granite, but the red Vliaklaagte
granite is marginally depleted relative to the wall rocks. The

enrichment in the Vlaklaagte granite and granite aplite Is probably
due to the substitution of Al by LI in biotlite during crystal-
lisation (Goldschmidt, 1954), Simllar substitutions also account
for the Li enrichment In the blotite=rich greisens where small
amounts of lepidolite and/or zinnwalidlite are found. The behaviour
of Li is, however, erratic in the red granites and thlis Is possibly
due to chloritisation,
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Berylllum Is significantly enriched In the Vlaklaagte greisen
(endo-grelisen) whilst the red Makhutso Granite Is only marginally
enriched compared to the wall rocks. Beryllium replaces the
Si4* fon (0.39A) in the [Si04] tetrahedra in late~stage crystallates
and hence increases with fractionation (Wedepoh!, 1978; Rankama
and Sahama, 1950). The Be Is furthermore concentrated in the
phyllosilicates and topaz of the greisens and especlially the

endo-grelisens during the metasomatic process.

Boron Is strongly enriched In the Vliaklaagte granite but
strongly depleted Iin the granite aplite. The red Makhutso and
Viaklaagte granite and the greisen of the Makhutso Granite are
marginally enriched compared to the wall rocks. The small ionic
radius of B3+ (0.20A) and the volatility of Its compounds prevent
it becoming trapped in the hydroxyl=bearing minerals (Rankama
and Sahama, 1950) and probably accounts for its strong depletion
In the aplite phase. Boron probably remained in the separated
gas=liquld phase, It is, however, not significantly enriched
in the pneumatolitic rocks either. This may be due to Its high
volatility, preventing It belng trapped during the formation
of alferafién products,

Fluorine Is enriched in the Vliaklaagte granite and granite
aplite. The red Makhutso Granite and both greisens are also
enriched In F relative to the respective wall rocks, The dis-
tribution of F is attributed to the fact that fluorine enters
into structural positions of OH™ in the late stage minerals
duFing differentiation (Wedepohl, 1978), High concentrations
of F added to the greisens during the process of metasomatism
caused the formation of minerals such as topaz, fluorite and
gllbertite.

Vanadium is only enriched In the greisens and red Makhutso
Granite where V3* (0.65A) follows Fe3* (0.67A) very closely. This
siderophile tendency of V3t in an oxidising environment also
accounts for Its enrichment in the Fe-arsenides and sulphlides

in the upper quartz-pegmatitic zone.

‘Cobalt is strongly enriched in the greisens relative to

the respective wall rocks with no appreciable change in the

red granites. The enrichment of Co in the greisens and in the
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upper Fe-arsenide and sulphide~rich quartz-pegmatite zone, reflects
both the sliderophile and chalcophile tendencies of Co durling
the pegmatitic stage.

Nickel is enriched in the Viaklaagte granite and more so
In the granite aplite. Both the red Makhutso and the red Vlaklaagte
granite and thelr respective greisens are enriched in NI compared
to the wall rocks. The Ni2% (0.78A) normally follows Mg2* (0.78A)
which enters biotite (Goldschmidt, 1954), thus the enrichment
of NI in all the biotite-rich rocks can be explained. The ultimate
enrichment of Ni in the Fe-arsenides and sulphide=-rich zones

reflects its siderophile and chalcophile tendencies.

Copper Is strongly enriched in both the Vlakiaagte granite
and granite aplite relative to the Makhutso Granite. The red
Makhutso and red Viaklaagte granite are more enriched in Cu
than the respective greisens |f compared with the wall rocks. The
endo-greisens from the Vlaklaagte granite are even marginally
depleted In Cu relative to the Vlaklaagte granife. In the absence
of S the Cu2* s expected to replace small amounts of Fe2t and/or
Mg2* (Rankama and Sahama, 1950) In the biotite-rich rocks. The
enrichment of Cu In the red granitic zones, between the greisens
and wall rocks, probably formed by release of Cu from the original
biotite in the granite, followed by its migration outward a.nd
entrapment as chalcopyrite in the red granitic zone. Chalcopyrite
and pyrite are the main Cu-bearing minerals in this zone. The
chalcophilic tendency of Cu caused Cu-sulphides to form In the
late eplthermal pegmatite stage where S was avaliable (Table
6-1).

Zinc is only marginally enriched in the Vlaklaagte granite
and granite aplite. The red Vliaklaagte granite, is more enrliched
in Zn than the greisen of this granite. Both the red Makhutso
Granite and its grelisen are strongly enriched in Zn, The strong
chalcophillic tendency of Zn also resulted in its enrichment
in the sulphide rich zones,

Rubidium is enriched In both the Vlaklaagte granite and
granite aplite relative to the Makhutso Granite. The greisens

are strongly enriched in Rb with the red granites less so. Rubidium
substitutes for K in biotite and K-feldspar. It also substitutes
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for K In sericite and biotite formed during alteration of the
K=-feldspars. It Is also enriched in the quartz-pegmatite veins,

Strontium |Is marginally enriched in the Vlaklaagte granite
and depleted in the granite aplite. The greisens show the greatest
depletion, with the red granites less depleted in Sr relatlve
to the respective wall rocks.

Yttrium is marginally depleted in the Viaklaagte granite
in the pre-pegmatitic sequence. In the red Vliaklaagte granite
and the associated greisens no enrichment or depletion of Y
Is observed compared to the wall rocks. However, Iin the red
Makhutso Granite and its assoclated greisens a slight depletion
of Y relative to the wall rocks is evident. The fact that Y
Is not enriched In the late pre-pegmatitic crystallates is probably
the result of its relatively large ionic slze (0,98 A), causing
It to remain In the gas-liquid phase.

Zirconium Is marginally enriched In the Vlaklaagte granite
but more so In the granite aplite. In the red Vlaklaagte granlte
and its greisens Zr is slightly depleted compared to its wall
rocks., Zirconium often Is enriched in the last rocks to crystallise
prior to the pegmatitic stage.

Nlobium is enriched In the granite aplite but not in the
Vliaklaagte granite. No significant change In the concentration
of Nb is evident in the metasomatic products except the greisens
assoclated with the Vliaklaagte granite which are slightly depleted.

Molybdenum is strongly enriched in both the Vlaklaagte
granite and granite aplite with a maximum in the latter., In
the red Vlaklaagte granite and Its assoclated greisen the Mo
is depleted compared to the Viaklaagte granite.

Barium is depleted in the Viaklaagte granite and more so
in the granite aplite. The red granites are less depleted in

Ba than the associated greisens compared to the wall rocks.

Tin is enriched in both the Vlaklaagte granite and more
so in the granite aplite. The greisens from both the Makhutso

Granite and Viaklaagte granite are strongly enriched in Sn with
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the red granitic zones less so. Tin is increasingly enriched
with Increasing metasomatism from the unaltered granites to
the red granites and finally the greisens. Pockets of high grade
Sn-ore (cassiterite) are occasionally present In the greisens. The
late quartz-pegmatite is depleted in Sn due to its earller deposition
in the grelsens,

Tungsten Is enriched In the red Vlaklaagte granite, red
Makhutso Granite and the greisen from the latter refative to
the wall rocks. In the pegmatites and especially the quartz-pegmatite
veins the W is extraordinally enriched (Table 6-1).

Lead is strongly enriched in the red Makhutso Granite and
red Viaklaagte granite but less enriched In thelr respective
greisens, It Is also considerably enriched in the sulphide
rich outer quartz-pegmatite veins and the assoclated altered

wall rocks.

Thorium Is marginally depleted in the Viaklaagte granite
and enriched in the granite aplite. Both the red Makhutso Granifte,
the red Vlaklaagte granite and the respective greisens are enrliched
In Th relative to thelr wall rocks. It is also strongly enriched
In the late pegmatitic stage and more so in the sulphlide rich
zone (Table 6-1).

Uranium is enriched in the Vliaklaagte granite and more
so In the granite aplite, In the pegmatitic stage U shows the
strongest enrichment in the red Makhutso Granlite and I+s associated
greisen as well as the red Vlaklaagte granite. The greisens
associated with the Vlaklaagte granite are depleted rather than
enriched., Enrichment of U is also evident in the sulphide=rich
late pegmatitic stage (Table 6-1).,

6.2.1 Discussion,

The relative concentrations of Rb, Ba and Sr indicates that
the Vlaklaagte granite and granite aplite represent late stages
of differentliation (Fig. 6-3)., The aplite facles Is slightly
more differentiated and plots along the same differentiation
trend, indicating that a fractionation series Makhutso Granite

- Vlaklaagte granite - granite aplite may exlist.
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Two sultes of metasomatic products are also plotted In
this diagram. The one can be traced from the grey Viakiaagte
granite (10) via the red granite (18) to the greisen (26). The
second Is from the red Vlaklaagte granite (19) through to the
greisen (27). These trends Indicate a decrease in the Ba and
Sr content with an Increase In Rb with Increasing greisenisation,
thereby extending the differentiation trends observed in the
pre-pegmatitic rocks. However, the fundamental processes, fractional
crystallisation in the pre-pegmatitic rocks and metasomatism
in the pegmatitic phase, differ and unusual trends could be
expected for some elements. On this basis It may be possible
to Hlsfingulsh between pre-pegmatitic and pegmatitic rocks as
well as different rock types Iin each phase.

A higher degree of differentiation (metasomatism) is apparent
in the contact metasomatic products of the endo~- than the exo=-genetic
zone, This Is due to less Rb and more Sr being present in the
country rocks of the exogenetic (Makhutso Granite) than in the
endo-genetic zone (Vliaklaagte granite).

The elements showing enrichment with increasing differentiation
in the pre-pegmatitic stage are LI, Be, F, NI, Cu, Zn, Rb, Zr,
Nb, Sn, Th and U. Inverse patterns are depicted for Sr and Ba. No
definite enrichment or depletion are evident for B, V, Co, Y,
W and Pb.

The elements enriched with Increasing metasomatism in the
telescopic zones from the unaltered granitic wall rocks through
the red granites to the greisens are LI, Be, B, F, V, Co, Ni,
Rb, Sn and Th. Elements also enriched in the metasomatic products
prefering the red epithermal granitic zones rather than the
mesothermal grelisen zones, are Cu, Zn, Pb, W and U, The elements
generally depleted Iin the metasomatic products are Sr, Mo, Ba
and the fincompatable elements Y, Zr and Nb which remain in the
gas=-liquid phase,

In Fig. 6-4 the more Important lateral trace element dispersion
patterns in the three main temperature zones are shown, I.e
hypothermal, mesothermal and epithermal, The elements that are
enriched from the early (high temperature) metasomatic products
to the late (low temperature) sulphide~rich products in the
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pegmatitic stage are V, Co, Ni, Cu, Zn, Rb, Pb, W, Th and U. All
these elements except for Rb possess elther siderophile or
chalcophile tendencies. Strontium and In particular Mo show
inverse patterns, Tin concentrates In the mesothermal stages

(greisen),

As a result the hypothermal zone is marked by the enrichment
of Mo, the mesothermal zone by Sn and the epithermal zone by
siderophile and chalcophile elements, in particular Cu. This
is only partly in agreement with the association of sulphides
(especially those of Cu and Mo) with Sn deposits in the Bushveld

granites and associated rocks (Crocker and Callaghan, 1979).

The data suggest that specific single or multi-element
anomalles are associated with different mineralised zones. It
ls thus evident that primary anomalies for the elements |listed
could be studlied Iithogeochemically. Secondary halos in the
overlylng soils, reflecting differences in the primary environment,

may also form,
6.3 EMPLACEMENT SEQUENCE OF THE GRANITES.

The following emplacment history Is inferred from the geological,
petrologlical and geochemical data:-

- The Makhutso Granite Intruded iInto the Stavoren Granophyre,
which acted as a roof.

- Deformation including the opening of flssures took pléce
during crystalilisation of the Makhutso Granite with the Vlaklaagte
granite Intruding into these fissures, The Vlaklaagte granite
represents a late differentiate of the Makhutso Granite.

- During crystallisation of the Vlaklaagte granite another
set of flissures formed in it and were exploited by high temperature
pneumatolytic-hydrothermal solutions., This caused aplites to

form from which the gas-liquid phase was separated.

- These pneumatolitic-hydrothermal solutions caused quartz-
pegmatites to form, accompanied by the metasomatic alteration

of the wall rocks under a thermal gradlient,
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7 VERTICAL GEOCHEMICAL WEATHERING AND DISPERSION PATTERNS
IN THE SECONDARY ENVIRONMENT.

Weathering of the surrounding rock-types gives rise to the formation
of the soils which in turn reflect some of the geochemical
characteristics of the parent material. Taking the various
soll forming processes as praeviously discussed into consideration,
It is therefore essentlal that the vertical geochemical dispersion

in the soll profile Is examined.

The dispersion patterns in the soils (secondary environment)
display vertical and horizontal variations influenced by numerous

factors.

Because the bedrock material (Fig. 3-6) consists of partly
weathered bedrock and the unconsolidated material consists of
solls (resltdual and transported) one expects a marked dlfference
In the geochemical distribution pattern of these two groups. The
geochemical behaviour of each element throughout the soil profile
Is discussed because of the fact that the soil profile as a
whole Is regarded as an open chemical system which is not restricted

to individual horizons.

7.1 BEDROCK MATERIAL

The majJor, minor and trace element data (Appendix C) for the
R1, R2, R3 and R4 zones In a typical profile (6) are summarised
in Fig. 7-1. In general the elements (both major and trace)
can be subdivided . into five distribution patterns:

- Elements showing an Increase from the R4 to the R1 zone
(Ti0o, K20, V, Cu, Zn, Rb, Zr, Nb, Ba, Sn, Pb, Th and U).
The mode of enrichment differs widely and the most general
causes are the following:~-
a)., ¢Elements assoclated with resistant minerals being
enriched due to compaction (TiOp, V, Zr, Nb, Sn, Th and
u.
b). Elements with Ilthophile tendencles associated with
clay minerals (K0, Rb and Ba).
c). Elements with chalcophile tendencies also strongly

assoclated with clay minerals and iron oxldes (Cu, Zn and
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Pb). The relatively low concentrations of Cu and Pb in
the rock Iitself aré unllkely to be the source for the high
concentrations observed in the higher zones. This enrichment
in the weathered zones Is possibly the result of the enrichment
from an external source. Copper and Pb transported in solution
by groundwater Is considered to be the reason for enrichment
In this bedrock zone., Similar enrichment of Cu and Pb in
the solls overlying the bedrock material have also been

observed.,

- Elements showing a decrease from the R4 to the R1 zone
(Ca0, Nay0, Be, F, Sr and Y). These elements are leachable
and therefore mobile. Apart from Y the elements are also
known to be associated with non-resistant silicate minerals.

- Elements with a strong siderophile tendency following Fe3+
closely (Co and Ni). These elements (particularly Ni) are
enriched in the highly oxidised R3 and R1 zones where Felt
is oxidised to Fe3*,

- Elements enriched in the reduced R2 zone (Al203 and Mg0).
This could be the result of the reducing nature in the
R2 zone, causing higher concentrations of illite and kaolinite

to be present with less Fe3*t,
- Elements showing no definite variation (Si02 and LI).

The mineral in which an element Is present together with
the redox potential evidently control Its solubility., If the
element substitutes In a resistant mineral it tends to be enriched
with increasing weathering, If an element is present in a non-
resistant mineral It could efither remain behind when Immobile
or be leached If mobile., The moblility of the leached elements
then depends on the redox potential of the zone through which
it is moving.

To a much lesser extent the enrichment and depletion of
mobile elements are also dependant on the concentration of the
elements in the rock. |f the concentration of an element in
the percolating groundwater Is higher than those in the rock
itself, the weathered zones would tend to be enriched in such
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an element. |f the concentration of a mobile element is higher
in the rock than In the undersaturated groundwater the inverse
ls expected. The behaviour of mobile elements in the bedrock
weathering zone Is therefore unpredictable if the mineral in

which the elements occur and the external enrichment is unknown.

Maximum groundwater movement occurs on the contact between
the bedrock and unconsolidated weathering zone. Consequently
the development of false anomalies for moblle elements are expected

at geochemical barriers.
7.2 UNCONSOL IDATED MATERIAL

As discussed in Chapter 3 the unconsolldated material is subdivided
into resldual and fransported solls, which are separated by
the pebble layer on the upper slopes and ridge. On the middle
and foot slope palaeo-colluvium occurs below the pebble layer.

Chemical analyses of the various whole samples as well
as on different mesh size fractions were carried out. The whole
sample analyses were used to determine the general distribution
pattern whilst the different size fractlion analyes were used
to evaluate the most sensitive fractlon for exploration,

Te2.1 Whole samples

The major and minor element distribution patterns in two typical
soll profliles (Appendix D) are Illustrated in Fig. 7-2. Distribution
patterns for trace elements are shown for all profiles in Appendix
E. Although major elements can be used for exploration purposes,
attentlion Is mainly given to those minor and trace elements

that can be analysed routinely on a X-ray fluorescence spectrometer.

Mottling is a common feature and because of the heterogeneous
nature thereof, the chemlical dispersion between the different
types of mottles are discussed Iin this section.

7.2.1.1 Major element distribution

The major element distribution In soll profiles is a direct

consequence of the breakdown of rock=forming minerals with resistates
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and clay minerals forming the residual end products. The elemental
oxide distribution in typlcal soil profiles on the ridge and
uppersiopes with the B horizon developed in residual (profile

9) and transported soll (profile 11) respectively are shown
In Fig. 7-2,.
Si102

The Si02 content in the residual solls Is fairly iow in the
B horizon of profile 9 with the C horizon enriched reiative
Yo the bedrock, whilst in profile 11 the C horizon has the lowest
concentration. In the ftransported soils the Si0Oy is enriched
in the A horizon of both profiles and less so In the B horizon
relative to the residual soils (profile 11)., The pebble layer
in the residual soil profile (9) is enriched in Si0 whilst
the pebble layer and C horizon in the transported soil profile
(11) are depleted.

It is evident that the proportion of resistant quartz Increases
in zones of eluviation (A horlzon) while the Inverse Is frue
as the accumulation (illuviation) of clay minerals Increases
In the B horizon, Eluviation and illuviation are therefore
also the main controlling factors In the enrichment or depletion
of Si0> in the pebble layer. In the C horizon the concentration
of S10o in respect to the bedrock is controlled by the same
Influences,

TiO2

The TiOp Is enriched in the upper parts of the residual solls
(Appendix A). The Bo(R) horizon forming the top part in the
residual soils, usually shows the maximum enrichment., Dlistri-
bution patterns of TiO> are very irregutar in the transported
solls but a slight enrichment in the B2(T) horizon Is usually
present (profile 11). The pebble layer is strongly enriched
in Ti0Op when compared with the residual and transported soils.

Enrichment of TiOp in the upper parts of the residual solls
and in the pebble layer is the result of compaction and the
concentration of resistates such as ilmenite and sphene, The
irregular distribution patterns In the transported soils are

due to the fact that TiOj is present In resistates. The enrichment

of TiO2 In the B> horizon of the transported soils could be
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the result of the adsorption of some Ti2%* on clay minerals or
the formatlon of rutile needless (Goldschmidt, 1954), Should
this enrichment have been the result of heavy mineral concentrations
then an enrichment In the other transported horizons would be

expected.

Al 203

In residual soils Al203 shows a strong enrichment in the B horizon
and more specifically the Bz horizon of profile 9., Compared
to the bedrock, the C horizon is also enriched in both profliles
9 and 11. In transported soils Al203 is depleted in the A horlizon
of both profiles 9 and 11, The B horizon of profile 11 is situated
In the transported solls and also shows an enrichment In Al 203
compared to the A horizon., The Al203 Is depleted in the pebble
layers of both profiles 9 and 11 compared to the residual soils. This
depletion iIs greater In profile 9,

Al 203 shows a strong enrichment in the illuvial zones while
the zone of eluviation is depleted. The same pattern Is observed
In the pebble layer., It is thus clear that Al03 and Si02 show
a strong Inverse distribution In the zones of eluviation and
illuviation, resulting from the fact that quartz and clay minerals

are the dominant soil! forming constituents,

Fe0 and Fez0s3

In residual soils Fe203 and FeO are enriched Iin the oxidised
iltuvial horizon I.e., the B2(R) horizon. The reduced illuvial
horizon (B3 horizon) is less enriched than the B2(R) horizon
relative to the bedrock. Only the Fe03 Is enriched in the C
horizon whilst the FeO remains the same as in the bedrock. The
A horizon in transported solls Is completely depleted of Fe503
with the B horizon enriched as illuviation increases., Irregular
distribution patterns are obtained for Fe0 In the transported
solls, indlicating that Fe2* could be captured in resistates. The
pebble layer is more enriched In Fey03 than either the residual

or transported solils.

Goethite and hematite cause enrichment of Fey03 in the
Infermediate zones. Accumuliation of iron and aluminium oxlides
In the illuviated B horizon is very characteristic and depletion

of these in the eluviated A horlzon is common (Levinson, 1980).,
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Goethite pellets cause the high Fe03 concentrations in the
pebble layer,

Most of the ferrous iron which oxidises to ferric iron
originates from the ferro-magnesian silicate minerals whilst
that present in resistant minerals such as magnetite and ilmenifte,

remains longer in the FeZ* state.

MnO )
The MnO is slightly enriched in the B and C horizons in the
residual solls relative to its concentration in the bedrock.
In the transported soils MnO Is generally depleted compared
to the residual soils, showing an irregular distribution pattern.
The behaviour of MnO in the pebble layer Is unpredictable with
Mn showing an affinity for the Iron oxlides.

Depletion of MnO In the transported soils could be due

to differences in source areas or stronger leachling conditlions

than in the residual soils.

Mgo

In residual solls Mg0O is enriched in the B horlizon compared
to the bedrock. In transported solls Mg0 iIs depleted in the
A horlzon and enriched in the B horlzon, The pebble layer Is
also depleted of Mg0 compared to the residual soils.

Mg0 Is thus leached in the eluvial zone (i.e. the A horizon)
and accumulated in the illuvial zones (i.e. the B horizon). Mg0
furthermore correlates positively with the clay minerals and
especially the chlorite content of the soil. The high mobility
of Mg2* s a result of iIts low ionic potential (Gordon et al.,
1958).

Ca0 and Na20
Both the Ca0 and Nas0 are aimost totally depleted in the residual
solls relative to the bedrock. In the transported soils and

pebble layer Ca0 and Naj0 are totally depleted.

The depletion Indicates that both these elements have a
greater mobllity during the prevaliling weathering conditions

than any of the other major elements. The low lonic potential
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(Z/r < 3.,0) of these elements is the reason for thelr high mobility
(Gordon et al., 1958).

K20

The residual solls are depleted of K0 compared to the bedrock.
The C horizon is most depleted whilst the B horizons, (especially
the Bz horizon) are enriched (profile 9). The transported soils
are more depleted Iin K30 than the residual soils with the A
horizon showing the greatest depletion., Some enrichment was
observed In the B horizon of profile 9. The K20 concentration
in the pebble layer depends on the ratio between residual and
tfransported solls and is therefore unpredictable,

The K20 which shows a slight increase in the consolidated
zone decreases with Increasing weathering due to pottassium
feldspar decomposition. This behaviour is also ascribed to the
low fonic potential of K20. An Increase of K20 in the B horizon

could also be a result of its associatlion with clay minerals.

P20y

Phosphorus is enriched In the upper zones of the residual soils
and the highest concentration is in the zone below the pebble
layer (Appendix A). An irregular distribution pattern is common
In the transported soils., The highest concentration in the profile

as a whole, Is often present in the pebblie layer.

Enrichment of P05 In the residual zones and the pebble
layer is a result of the accumulation of resistates (monazlite
and apatite). Irregular distribution patterns in the transported
soils can be expected due to different sources and energy conditions

during deposition.

Cr203
The Cr203 is enriched in the residual soils, but In transported
solls It has an irregular distribution, Chromium Is most enriched

in the pebble layer.

Enrichment of Cr,03 In the pebble layer may be due to the
precipitation of the chromate lon by the cations of heavy metals
such as Pb and Mo whlch are associated with the iron oxlides
in both profiles (Goldschmidt, 1954).
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Co2

Carbon measured as CO, is depleted in the residual zones except
for the B2(R) horizon in profile 9 where it is enriched. It
Is enriched In the A horlizon and depleted in the other horizons
of the transported soils. The COp is also depleted in the pebble
zone,

Enrichment of CO» In the upper horizons is caused by organic
carbon resulting from the breakdown of organic matter. Percolating
groundwater can transport the organic carbon downwards causing
enrichment of the lower horizons. Enrichment in the B2(R) horizon
of profile 9 could be due to organic debris present In the
palaeo~surface., The C horizon in profile 11, however, does

not show any enrichment,.

7.2.1.2 Trace element distribution
The trace element distribution patterns in the soll profiles,
are plotted for all 32 profiles and are Illustrated In Appendix

E. Elements with very similar behaviour patterns are grouped
together In the subsequent discusslon and the generalised frace
element dispersion patterns in the two most typical soil profiles
in the area are shown In Fig. 7-3.

The most consistant variations are seen in those elements
displayling a siderophile tendency upon weathering (Co, NI, Cu,
Zn, Pb and Mo). In the residual soils the elements are enriched
Iin the oxidised B horlzon (especially the B2(R)) relative to
the bedrock. Enrichment Is also present in the Bz and C horlzons
of some profiles. They are depleted in the transported soils
(particulariy the A horizon) but marginally enriched in the
Bo(T) horizon. The pebble layer shows the greatest enrichment
of aill the zones In the profile.

The above elements are coprecipitated and adsorbed on Iron
oxides rather than clay minerals in the B2 horizon and the pebble
layer. Sporadic enrichment in the Bz and C horizon can be attributed
to enrichment by lateral-moving groundwater, A close relationship
between the distribution patterns of Pb and Th exists in the
transported soils, suggesting that both co-exlist in resistant

minerals (eg. monazite, sphene and allanite) or that angleslite
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or cerussite are present,

Rubidium, Sr and Ba display a tithophile tendency upon
weathering In the proflles. These elements are depleted in tThe
residual soils compared to the bedrock with their concentrations
decreasing to the top zones. The transported soils are marked
by low, variable concentrations. Very low concentrations are

also present In the pebble

layer.

Both Rb, Sr and Ba have low ionic potentials (Z/r < 3.0,
Gordon et al.,, (1958), causing their high mobillity. Their concen-
trations In the soll profiles depend on the leaching conditions

of feldspar only. The percentage clay minerals is a minor controlling
factor In this case.

Those elements controlled by resistant minerals are Zr
and to a

lesser extent V and Sn. In the residual

soils these
elements show enrichment toward the upper parts (either the

B or C horizon) compared to the bedrock. In the transported

soil they show a variable distribution pattern, with some enrichment

of V and Sn occuring in the B2 horizons of some profiles. Vanadium
is the most enriched In the pebble zone whilst extremely high
Sn concentrations are encountered in some profiles. In other
profites the Sn concentration in the pebble layer seems to be

a function of its concentration in either the transported or

residual solls. Zirconium is generally depleted in the pebble

layer although enriched In a few profiles.

Eluviation coupled with compaction results in the concentration
of the resistates which explains the enrichment of the above
elements towards the upper parts of the residual solls. In the
transported solls and pebble layer differences In the grain
size of the reslistates and the chemical tendencies of these

elements upon weathering requlire separate discussion.,

Vanadium enrichment In the pebble layer (especially in

the goethite pellets) and the B2(T) horizon would be due to

sorbtion on Fe-oxides. Hydromorphic enrichment of V in addition

to eluvial enrichment in fhé Fe-rich residual zones (B horlizon)
is also recognised In one profile. The variable distribution

of V in the transported solils could result from variations in
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the resistate concentrations,

Erratic Zr distribution in transported sofls may be due
to variatlions in sources or energy conditlions during deposition.
Coarse materlal consisting of quartz pebbles and goethite pellets
Is the reason for the low Zr concentrations in the pebble layer. The
finer grained zircon is concentrated in the silt-clay fraction.

Tin Is enriched in transported soils derived from Sn=rich
sources. Lateral eluvial enrichment of cassliterite in transported
soils causes the hlgher concentrations Iin this zone. Enrichment
in the pebble layer can be ascribed to the concentration of
coarser cassiterite grains in the predominant coarser fractions,
or to the siderophile enrichment of Sn., Due to Its high S§$.G.,
casslterite could be deposited In hydraulic equilibrium with
coarse quartz pebbles, which will cause an Inverse relationship
between grain size and Sn-contents. The concentration of Sn
in the pebble layer Is thus controlled by the ratio of transported
to relict material and the concentration of Sn in the transported

and residual soils.

Enrichment of Sn in the By horizon is a result of hydromorphic
enrichment of Sn leached from silicates such as blotite on

weathering.

Thorium, U, Y and Nb have confusing distribution patterns. These
elements are often enriched in the upper zones of the residual
soil profiles whilst depleted In others relative to the bedrock. In
the transported soils they behave erratic and are nearly always
depleted (especially in the A horizon)., Both Y and U are enriched
Iin the pebble layer. The enrichment of Y in this zone is due
to the concentration of resistates and that of U due to Its
siderophile enrichment iIn the goethite pellets., Nb is generally
depleted in the pebble layer with Th showing no consistant behaviour,

Enrichment towards the upper parts of the residual soils
Is due to the accumulation of resistates, Depletion In the top
parts of some profiles can result from the association of these

elements with nonresistant silicate minerals,

When the above elements are released upon weathering Y,
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Nb, and Th behave l|ithophilic and U siderophillic.

Yttrium, Nb and Th preferentially concentrate in the gleyed
horlzons for the same reasons as Rb, Sr and Ba. When leached

from silicates Y like Rb, Sr and Ba, is very mobile,

Uranium has a strong affinity for highly oxidised zones
(B horizon and pebbie layer). As a result enrichment In the
B> horizon of some profiles is also evident., This affinity can
be attributed to the fact that the uranium is adsorbed by the
hydrous ferric oxldes.

Te2.1.3 Mottling and the formation of the gleyed horizons.

Mottles are absent in the lower part of the C horizon and thus
exclude geogenic mottling in these soils (Brink and Willlams,
1977). Hydromorphic mottliing Is present, indicating intermittent
wet and dry conditions. In Fig. 7-4 the pH values obtained
for the different horizons in’profiles 9, 26 and 27 (Table 7-1)
are plotted on a3 pH-Eh diagram. Most reactions in the zone of
weathering take place within the shaded area (Fig. 7-4) and
the dashed curve represents the oxidation~-reduction potential
for ferrous and ferric iron in solution., The portion of the
curve with the sfeepesf.negaflve slope represents (Fe*?) in
solution in equilibrium with (Fep03, FeO(OH3)) as solids.

At a pH of 5 or higher the oxidation potential of ferrous
hydroxide lles far below the potential available in the weathering
environment and therefore all the horizons with a pH In the

dof+ed area are marked by red, brown or yellow iron oxides.,

Relatively low pH values (4.2 - 4,8) were obtained in the
Bz horizons (5.1 =5.3) and in the Bp(R) horizons (Table 7-1)., During
intermittent wet periods the oxidation potential of the water-
saturated and poorly aerated gleyed horizon will decrease (the
pH-Eh state of the soils will move into the black area In Fig. 7-4)
and reduction of ferric oxides and hydroxides will take place
resulting in mobile ferrous compounds that can be leached from

the soils,

Strong depletion of Iron causes the gleyed Bz horizon In
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Figure 7-4: Eh-pH diagram (after Levinson, 1980) In which

the pH values for the various horizons in profiles

9, 26 and 27 are plotted.

TABLE 7-1: THE pH VALUES FOR ALL HORIZONS IN PROFILES 9,
26 AND 27.
pH VALUES OF  SOILS
HORIZONS PROFILE 9 | PROFILE 26 | PROFILE 27
Aq 5.5 6.0 6.5
Ao 5.5 5.7 6.1
P 5.3 5.5 5.7
B, 5.1 5.2 5.3
B3 4.8 4.2 4.5
C 5.7 5.3 5.4
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most of the profiles., When iron is not completely leached the
ferrous oxides are oxlidised and precipitated around nucilieil of
existing iron minerals during drier conditions when oxygen enters
the soil. The pH-Eh state of the solls will then move back into
the striped area (Fig. 7-4), The precipitation of ferric oxldes
then causes the mottled structures in the By(R) horizon or B3
horizon. In the Bz horlzon white mottling is predominant whereas

in the B2(R) horizon the mottling Is predominantly red.

Major element analysis on such mottles from profile 9 (Tabie
7-2) shows that Fep03 Is dominant in the red mottles whilst
Al203 and K20 are dominant in the white motties. In the reddish
B2(R) horizons from profiles 26 and 27, Fep03, Al203 and K0
are enriched whilst Fey03 is depleted in the gleyed Bz horizons.

The gleyed and mottled horlzons therefore resulted from
alternating acid reducing to oxidizing environments. Thls could
be due to a fluctuating water table or lateral moving groundwater,
containing H*-lons, during Intermittent wet and dry periods. The
H* Is then preferably adsorbed on the clay minerals of the lower
illuvial horizons (hydrolysis), causing the clay to behave like
weak acids and lowering the pH value to between 4 and 5. An
increase in the H¥-ion concentration then causes a decrease
in the solubility of lateral and vertically moving SI0; and
Al203 and promotes the formation of clay minerals (Harmse, 1974).

The fact that no water table was observed during the sampling
of the profiles in the ralny season and the fact that the lower
part of the present C horlizon Is not similarly affected by the
lateral movement of groundwater, excludes both these possibilities
for the present., It is, however, possible that the gleyed horizon
represents a palaeo-marker for a zone of maximum groundwater
movement., The low pH observed in this study would therefore
have developed In the gleyed zones at a much earlier stage and

would have remained to the present,

Minor and trace eiement analysis on motties from profile
9 as well as on kaolinitic feldspars and goethite peliets from
profliles 9, 10, 12 and 14 (Table 7-2) indicates that VvV, Co,
N1, Cu, Zn, Mo, Sn, Pb and U are preferentially fixed with iron
oxides whilst Rb, Sr, Y, Ba and Th rather prefer the clay minerals.
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FeQ

THE MAJOR AND TRACE ELEMENT CONCENTRATIONS IN

7=2:
THE By AND GLEYED HORI1ZONS, THE RED AND WHITE
MOTTLES AND THE GOETHITE PELLETS AND WEATHERED
FELDSPARS.
8, AND 8, MORIZONS MOTTLES PEBBLE LAYER
PROFILE 26 PROFILE 27 PROFILE 9 PROFILE 9 PROFILE 10 PROFILE 12 PROFILE 1&
By B, 8, 8, [Byw 8,(R) | KAO  GOE | KAC GOE KAD GOE KAO GoE
78.05  80.10 78.47 80.63 {75.96  80.58
0.30 0.30 0.31  0.38)] 0.25 0.17
13.05  10.2: 12,62 9.31 [16.72 5.64
1.3 3.40 .62 2,76 | 13 8.47
1.21 1.72 1,17 1.51] 0.90 1.52
0.03 0.04 0.02  0.02 | 0.00 0.03
0.17 0.16 0.16  0.17 | 0.17 0.16
0.03 0.03 0.02 0.02| 0.02 0.03
0.01 0.01 0.01  0.01{ 0.01 0.01
3.04 1.51 2.88  1.67 | L.06 1.48
0.02 8,02 0.03 0.03| 0.m1 0.01
0.03 0.02 0.03  0.02) 0.02 -0.03
1.56 1.84 2,33 2,16 1.3 1.1
g.u8 0.21 0.37 0.16 { 0.50° 0.12
0.06 0.12 0,05 _ 0.10! D.i0 0.03
99.35 99,63 95.89 98,85 | 99.35 99,39
1t 19 15 21 24 8 53 310 16 217 32 347 23 272
10 14 3 5 15 28 5 311 5 203 ? 278 5 1746
5 5 10 5 9 15 5 75 5 57 5 st 5 57
5 8 12 6 20 30 34166 23 247 18 L27 7 831
5 8 10 5 20 30 31 82 9 as ) 49 33 100
168 97 126 61 | sl 278 300 97 200 u6 247 | 158 30
14 1 10 3 17 2 1 s 17 5 1 5 10 5
65 60 38 39 92 68 111 45 75 45 81 33 50 3
401 422 3u2 396 | 305 287 327 335 324 368 256 263|361 334
21 21 17 14 24 18 25 23 12 17 1 11 22 3
5 5 5 5 5 5 5 35 5 55 35 75 3 57
280 119 138 69 | 222 60 178 5 166 5 106 5 |15 5
30 3 29 36 | 985 1185 1061 1867 &0 115 11 45 22 174
5 5 5 5 5 5 5 5 5 5 5 5 5 20
50 33 24 7 7% 103 135 186 u6 306 H a5 5 140
21 23 23 1 32 34 L1 25 19 18 1 5 33 34
5 5 5 5 8 ] 6 30 7 33 5 25 5 40
By - WHITE MOTTLE
B,R - RED MOTTLE
KAD -  KAOLINITE (ALTERED FELDSPAR)
GOE - GOETHITE PELLETS
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This explains the enrichment of the former group of elements
in the pebble layer (goethite pellets) and the By horizon,

7.2.1.4 Discussion.

The major constituents in the soils (S10p and Al703) represent
respectively the quartz and clay fractions which are the dominant
mineral phases. The quartz to clay ratio together with the Fe303
content are the main factors controlling the distribution of
all the other elements In the soil profiles. .

Quartz always Increases relative to clay minerals as eluviation
Increases and the reverse applies to illuviation., Since quartz
Is mono-elemental an increase In Its concentration dilutes the

concentration of all the other elements.

Some of the minor and trace elements (eg. Co, NI, Cu, Zn,
Rb, Sr and Ba) accumulate in the clay fraction which iIs the
second most dominant constituent In solls. These elements are
enriched In the iIlluvial zones where clay accumulates. Their
concentration is therefore ailso Influenced by the quartz to
clay ratio of the sample.

The Fep03 Iin each zone fixes chalcophile and siderophlile
elements In the secondary environment and is associated with

the oxidation zones (By horizon and the pebble layer).

The element behaviour patterns in the soll profiles can
be subdivided into three groups:-

Elements mainly present In resistates (P, Si, Zr, V and Sn):

The distribution of these elements in the secondary environment
is contfrolled by the distribution of the resistates with which
they are assocliated. In the upper parts of the residual soils
enrichment of these elements Is due to compaction, !n the ftransported
solls they could behave erratic due to differences in sources

and conditions of deposition.

When leached upon weathering, V and Sn are also enriched
In the oxldised zones (especially In goethite pellets assocliated
with the pebble layer) reflecting their siderophile character,
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Elements assoclated with non-resistant minerals (Mg, Ca, Na,
K, Co, NI, Cu, Zn, Pb, Mo, Rb, Sr and Ba): These elements
are leached upon weathering but differences in their chemical
affinity cause different distribution patterns. Two groups are
distingulshed:

- Siderophile and chalcophile elements (Co, Ni, Cu, Zn,
Pb and Mo) which are enriched in the oxidised zones due
to adsorption onto or coprecipitation with the iron oxides. This

Is evident in the By horizon and the pebble layer.

- Lithophile elements (Mg, Ca, Na, K, Rb, Sr and Ba) are
very moblle and the clay minerals are the controlling factor
in fixing them (Table 7-2). Calcium, Na, Rb, Sr and Ba,
however, show no remarkable preference for the clay rich

horizons because of their high mobitity.

Elements associated with both reslistant and non-resistant minerals
(Tt, Mn, Y, Nb, Th and U): The behaviour of the elements
depends on thelir original host minerals and could cause elther
enrichment or deplefion In the upper residual soils., This causes
a confusing distribution pattern., Further distribution of these
elements when leached, Is controlled by their chemical affinity
which makes distribution patterns even more unpredictable.

These elements can be subdlvlqéd into:

- Manganese and U which are enriched in the oxidised zones
(l.e. the B> horizon and the pebble layer) when released

upon weathering.

- Lithophile elements (Ti, Y, Nb and Th) which are preferen-
tflially adsorbed on the clay minerals. Enrichment of these
elements in the B3 horizon or pallid zone Is therefore
common, Yttrium, however, Is more mobile and not that strongly

associated with the clay minerals.

It is clear that an understanding of the host minerat phase
for each element Is a prerequisite for understanding its distribution
in soil, In addition the use of Si0O2/Al1203, Al203/Fe03 and

5102/F3203 ratios, in conjunction with the mineralogical and

chemical parameters, Is imparitive In understanding the geochemistry




of the secondary environment,

T7.2.2 Size fractlions

Tin, Mo and Cu are considered to be three of the most sensitive
pathfinders in the exploration for tin and associated deposits.
A study of the behaviour of these elements in the different

soil size fractions was therefore attempted.

The parameters evaluated, Include the optimum size-fraction
and horizon to sample during an exploration programme. As a
result of the differences in the composition and formation of
the residual solls, the transported soils and the pebble layer,
each one |Is evaluated separately in order to establish the best

slze fractlion and horizon to sampie for exploration,
7.2.2.1 Tin

In the solls under consideratlion Sn is predominantiy present
as cassiterite, The grain size of cassliterite is thus the most
important factor in the determinatlion of the size fraction to

be used Iin exploration,

Figures 7-5 and 7-6 indicate that the grain size of cassiterite
in the three soil types and in different profiles varies con=-
siderably, This results from differences in the sources from
which the cassiterite was derived, which Iin turn reflects the
depositional environment of the primary deposit. Coarse=grained
cassiterite and nodules are restricted to solils derived from
greisens and pegmatite veins, whilst finer grained cassiterite

Ils derived from altered and unaltered granites.

In the residual soils (Fig. 7-6) the sand fractions glve
the most consistant distribution patterns. This reflects the
grain-size of the primary casslterite., The gravel (eg. profiles
2, 12, 26, 27, 29 and 31) and the silt-clay fractlions (eg. proflles

2 and 12) are thus not always representative sampling media.

Due to the graln-size of cassiterite in the greisens, the

gravel fraction could well be the optimal size fraction for

solls overlying the masslive greisens. In thls case, however,
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the sand fraction may also be enriched in cassiterite,

The silt-clay fraction was the most sensitive In only two
profiles and resulted from fine-grained cassiterite or sorbtion
onto Iron oxides and clay minerals. As a result the sand and
silt=-clay fraction together, should give a total coverage of
all possible cassiterite deposits and are therefore recommended.
Excluslion of the gravei fraction would minimise dilution and
therefore overcome the analytical sensitivity problem in the
determination of Sn.

Residual soils should be able to localise a mineralised
zone accurately since It is still "in situ®,., During a broad
pilot study the horizon sampled would not make any serious difference

Iin determining mineralised areas but in a detall programme it
would. For cassiterite the eluvial zones will be more optimal,
but mixing of eluvlial and illuvial horizons will have disasterous

consequences.

The lower part of the C horizon which Is the most continuous
and In which eluvial enrichment of cassiterite has taken place

and Illuviation Is minimal, would obviously be the best cholce.

The transported soll above the pebble layer is marked by
lower energy conditions causing size grading. _This results
in a large variation in the grain-size of cassiterite with the
mode In the medium fractions (Fig. 7-6). The variation In the
grain-size results from differences in sources, changes in senergy
conditions and comminution of cassiterite Qralns during trans-

portation,

The minus 2 mm fraction includes approximately 90% of the
predominant cassiterite fractions (Fig. 7-6). Fragments of
greisen cause Sn enrichment In the gravel fraction (profile
25). A bulk sample of transported soils would Include all cassiterite

but might not show small anomallies well because of dilution.

Transported soils indicate regional geochemical anomalies
but not localised ore, Distribution patterns in this case are
extremely difflicult to interpret because depositional conditions,

directions of movement etc. have to be considered as well,
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In restricted dralinage areas the soll unit as a whole could
be used to find directions of transportation depending on the

cassiterite grain=-size.

The pebble layer shows a variation In the depositional
energy which is controlled by the topography. Thls causes a
large variation in the grain-size distribution of cassiterite
and Is even more restrictive due to different sources, the de~
positional energy and the degree of comminution. The transported
to residual soll ratio and the concentration of Sn In the transported
and residual fractions respectively are just as Important. More
residual material is expected in the lower part of the pebble
layer which would therefore give a betfter indication of the
underlying rocks. Cassiterite is thus evenly distributed In
all of the size fractlons (Fig. 7-6).

A bulk sample from the lower part of the pebble layer would
thus reflect all variations, but quartz dilutlon witl cause
poor results. The ratios of Sn concentrations between the lower
part of the pebble layer and the residual solls could also be
used for lateral tracing. When tracing against the direction
of soil transportation, a >1 ratio indicates that the source
is stiltl further upstream whilst a <1 ratlo means that the source

has been passed. A cut-off point is expected above the source.

The gravel fraction In the pebble layer can contain large
amounfsvof cassiterite (profiles 1, 16 and 25) malnly as coarse
cassiterite which on the upper palaeo-slopes reflects the minerallsed
zone accurately and in some cases Is the optimum sampling medlum. The
outwashed cassiterite which is redeposited on the lower palaeo-slopes
reflects increased distances of transportatlion (Fig. 7-7) and
a study of the grain-size distribution (population) of cassiterite
on the palaeo=-slope presents an exellent exploration technique. Every
size fraction with its respective Sn concentration should thus
be plotted on a histogram where cassiterite added from a new
source would be recognised due to a different population trend. The
size of the goethite pellets, containing sorbed Sn may influence

the result to a lesser extent,

The pebble layer and especlally the lower part is considered

to be the most effective sone for lateral tracing of cassiterite,
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provided that It is not underlain by palaeo=-colluvium.
7.2.2.2 Copper

Because of the coherence of Cu with Fe in.the oxidised zones
(Fige 7-8), it Is expected that Cu-enrichment always takes place
in Fe=rich zones, This type of enrichment could be non-significant
or significant depending on the relative sorptive capacity of
the Fe-oxlides. The latter obviously depends on the type of

Fe-oxide phase, its size, shape and geneslis.

The raw data (Appendix A) shows that Cu and Fe are strongly
enriched in the silt-clay fraction in most horizons and occasionally
in the gravel fraction. In the gravel fraction, enrichment is
due to goethite pellets on which Cu is sorbed (Table 7=~2).
Correlation diagrams in Appendix F, show that a linear correlation
between Cu and Fet3 (total Fe as Fep203) exists in the sand and
silt-clay fractions, Indicating that the Cu content in a specific
soil fraction under oxidising conditions Iis a funé*lon of the
Fe3* content.

It Is thus clear that the use of Cu in any size fraction
of any horizon is dependent on the ability to distinguish significant
and non=-significant anomalies., One approach could be to assume
that Fe-oxides have a constant sorptive capacity for Cu. By
correcting the Cu concentration for the Fej03 (total Fe as Fe03)
content after an emperical Cu-sorbtion factor has been caliculated,
a resldual Cu anomaly would then indicate true Cu enrichment

above background.

The correlatlion diagrams (Appendix F) show that the Fe/Cu
ratio and therefore also the Cu=-sorptive capacity of total Iron
as Fe03 varies In different zones and also between soll fractions
in a specific zone. The higher cut~-off value (background) for
Fe203 in the fines (Appendix F) causes a lower Fe/Cu ratio and
a higher Cu-sorptive capacity and vice versa in the coarse
fractions,

'n Fig. 79 the amount of Fez03z (total Fe as Fey03) associated

with a specific amount of Cu (e.g. 10, 20 and 35 ppm) in the

different size fractions of different soil horizons are plotted,.




prosiLe 1 CU CONCENTRRTION [N PPM | PROFILE 2 CU CONCENTRATION IN FPH | PROFILE 3 CU CONCENTRATION IN PPN | PROFILE 4 CU CONCENTRATION IN PPN ‘
pEFTRA 0 6 40 60 DEPTHCN) 9 50 100 DEPTACO DN 4 s 6w [DEPTHOD 0 50 10 {50 ‘
8l o [FT ] ' LEGEND
gnn Al R - RVEL |
H— —T | -k :
5 R(E oo 5 "'; +- CORRSE SPKD
. = o [RE 13 %- HEDIUK SAND .
i 0- FINE SAHD |
62 S {H M B2 1-SILT + CLAY
! 6 ('] Bl !
3 \ 1
I — p
B2 L5
. 15 ¢ ! t{P - L - —_—
| | ! — NN L iste
R | : SN T 2 |¢ i
I — ' L] ] | !
PROFILE B CU CONCENTRATION IN PPH | FROFILE © £U CONCENTRATION IN PP | PROFILE 7 LU CONCENTRATION IN PPK | PROFILE 8 CU CONCENTRATION IN PPN
nsmomm y 50 190 niﬂum.m 0 40 80 120 160 200 DEPTUHM) DEPlon) 0 20 49 60 B0t 120
— A
Al " LN A /{/ LEGEND
Ra ] RUE PO {( - 1- CRAYEL
S R2(E LN 5 [ ! +- CORRSE SAND
kil ] B -\ X- HEDIUN SAND
el A3 3 A\ 0- FINE SAND
I - o l Bl *K\ 1-SILT + CLAY
82 5 [V E2 \
15 P i [ 82
b (484 15
R p P
¢ R ! 2 .
i L - S C_
Figure 7-8: Distribution of Cu in size fractions in all 32

soil profiles.

L6



‘ |
PROFILE O cu concentaation 1 ey | reorite 10 tu concentaation v eex | prorie 11 CU CONCERTRATION I peX | proFie 12 CU CONCENTRATION 1N PPH !
DEPTOHOU 0 20 4 80 DE?Toﬂf-H’ 0 5 100 PEPTJ““ g 50 100 150 200 DEPT“H(H) 0 50 100 15 ;
At &é!:,,_:_ n.[,L: " LEGEND
R e S F - CRAYEL
P ot <' — g +- CORRSE SARD
] e X X- HEDIUK SAND
R L7 t ~ P 0- FIHE SAND
— 5 B-SILT + CLAY
_ B2
£2 g
t ]
B340
¢ L5 —
| 83 | .
15 R
rroFite 13 cu concentrarion 1 pey | rroFie 14 cU coNCENTRATION [N pPM | erorne 15 cv concentration v pen | rrorite 16 CU CONCENTRATION X PPN
DEPTHCH) 5 10 15 0 DE?IGH'JM 050 100 150 200 250 300 DE””H(H) w8 150 S DEPTOH(M 50 00 150 200 280 !
u fi _ M f\” L LEsEN '
HilE Al LI : #- CRAVEL ‘;
’\f — S +- CORRSE SO
Al / m . X- HEDIUN SAND |
" 5 | ¢ Bl 0- FINE SAND
2 2 i £-SILT + CLAY
R — T
LN "
2 5|82
L 82 L5
. | — .
s
\ S —
(LAY ~ C X r5he—]

(Continued)

86



rorie 17 £U CONCENTRATION IN PPY | eeorie 18 e concentration  pew | FROFILE 19 CU CONCENTRATION N PPN | PROFILE 20 CU CONCENTRRTION IH PPK
DEPTGH(M) M40 60 e 109 120 DEFTl)H(H) DEPlaﬂf.H) 0 10 20 30 40 50 DEPIGH(H) 0 M 4 60 80 100
21[“ :12([ Al fl ¢ k LEGEND
LEN —T 20l [ \‘\ 1- CRAYEL
5 : A2LE s 7] +~ CORRSE SAND
Bt — 5 |a3 . | %- HEDIUN SAND
I s | | Bl 0- FINE . SAND
B2 6] ) 1- SILT + CLAY
15] &2 — L
82
] 15
? P —
1
f B341] (5
15— ' ' |
| PAL ¢ at
O
O
prorie 21 prOFILE 2 2 LU CONCENTRATION I peH | PR0FILE 2 3 CU CONCERTRATION [N PPN | PROFILE 24 CU CONCENTRATION IN PPY
nmow..n) DEPTOHU') 5 15 25 3 45 BEFTOH‘-N) 500 15 w25 30 BEPTOHW 1 20 30 4 50
L . e — ' ~
s L \ fl \‘ Al t \ LEGEND
5 [T R(E Ny L Nt T - CRRVEL
= : LR 3 ‘ +- CORESE SAND
z N BT ' , i3 _ X~ HEDIUN SRHD
| 4 Bl 0- FINE SAND
23 §-SILT + CLRY
15 L e
I
2 15 83”‘
251 | L.




prariLe 25 CU CONCENTRATION IN PP | proFiLe 26 LU CONCENTRATION I PPN | PROFILE 2 7 CU CONCENTRATION N pPK | PROFLE 2.8 CU CONCENTRRTION IN PPN
TEPTHCR) nmomm 510 15 0 25 3 |MEPHM 5 1% 15 w0 25 3 DEPTGH(M ¢ 40 80 120 160 200
:% [ ] A1 ] i { [/ LEGEND
Lk ) R L AL L L $- CRAVEL
P L - S +- CUARSE SAND
R I 5P { ¢ B X- NEDIUM SND
5 sle
5 0- FIE SRHD
B2 62 4 SILT ¢+ CLAY
L] 82
! ! !
|
B340 83 83 \ 82
N L5 (5007 ’ g \
R ] R t 918340
L5 L : L R .
o
o
mOFLE 29 ¢y concentration v ey | PRoFiLE 3O cu concenTraTIon v pe | pRoFILE 31 CU CONCENTRATION IN PPN | PROFILE 32 CU CONCENTRATION IN PPN
DEPTHCH) 5 1395 225 3125 DERTA(M) 5 1 15 DEPTHIN) DEPTH(M 0 150
] : T A " b
Al ] il Al LESEND
T N ' - [Frg | R2LE) 1 CRRVEL
— \%\\\‘\ | P +~ CGARSE SAKD
) s |p 3 X- HEDIUN SAND
P 7”/' 82 0- FINE SA4D
F— ] — 1~ SILT ¢+ CLAY
. / 83
i i
‘ g 1 e
i B+C
| | :
‘ — | 23 15 ,
' ) S .
! R 3¢ R ':
3 L | o L i

(Continued)




B,(R) horizon B,(T) horizon A, horizon
50000+ ) . . i
Inflection point
£ Inflection point
240000- .
£
S
= N Inflection poi
30000~ point
€
[}
O
S
o 200004
(-}
'8
=
0 10000 Fe less satu-— 1 Fe less satu- Fe more satu-"
a rated in Cu 'r:gter?iori?\ (S:?Jt"‘ rated inCu rated in Cu Fe less
f saturated in ‘ﬁ 2%
L f L f Cu ura ed
<—Fe/Cu ratio increase <«—Fe/Cu ratio increase f <Fe/Cu ratio increase in Cu
0 5 ] 15 2 -5 1 15 2 ;5 1 5 2
Size fraction (mm)
A B : C
LEGEND

8-8 ppm Cu
O—O Total ppm Fe (S,X)
Standard deviation

S
X  Mean
' Total Fe required for a fixed amount of Cu

Filgure 7-9: Dliagram showing the varyling relationship between
available Fe (total Fe as Fep03) and fixed amounts
of Cu between fractions in A) the B2(R) horlzon,
B) the B2(T) horizon and C) the Ap horizon,



102

Simultaneously the mean and standard deviation of the Fe303
concentration in each size fraction are also plotted indicating
the expected field of Fey03 variation. The increase In Fep03
relative to the Cu content in the finer fractions iIs evident,
suggesting saturation of Cu In the coarse fractions and under-

saturation In the finer fractions.

According to these diagrams it Is clear that the Fe-sorptive
capacity for Cu is lower in the coarse than In the fine fractions.
This could be due to the finer partical size of the Fey03 particies
in the finer fractions (Mason, 1966) or the Fe-oxide phase,
its shape and genesis. The Fe-oxides in the coarser sand fractions
therefore have lower sorptive capacities and are more Cu-saturated
than in the finer fractions. The inflection points representing
a change In the sorptive capacity In the finer fractlions Is
probably the resuit of such a major change in the Fe oxide phase.

The Fe303 distribution pattern in the different size fractions.
of the three selected horlzons varies markedly, showing a more
intense Inflection in the finer grained material of the eluviated
A2 horilzon than in the illuviated By horizon (Fig. 7-9). In
particularly the coarser fractions of the three horizons a decrease
In the Fep03 content Is noticed from the By horizon to the Ay

horizon which Justifies some discussion.

Zones of Illuviation show a gentle logarithmic Increase
in the Fe303 content from the coarse to the finer fractions. The
extremes in the B2(T) horizon (l.e. Fep03 strongly enriched
in the silt-clay fraction but also strongly depleted in the
coarse fraction) is the result of strong leaching conditions
followed by the repreclipitation of iron oxlides and clay minerals
at a later stage. In the B2(R) horizon strong leaching conditions
were absent and therefore the coarse fraction still contains

high concentrations of Fey03.

In the eluvial zone Fep03 increases very slightly from
the coarse to the fine sand fractions, whilst the increase Is
considerable to the silt-clay fraction, especially at low
concentrations., This results from the strong leaching in this
part of the soil profile.
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An Investigation of the size fractions showed the following:

In the gravel fraction of the transported soils and the
pebble layer, Fe~oxlides are mainly present as goethite pellets
and as coatings on the surfaces of mineral grains. In the residual
solls the weathered feldspar contalns iron oxides as coatings
whilst goefhffe pellets are scarce.

In the sand fractions in the illuvlal zones of transported
soils the Fe-oxides form ocolitic Fe-nodules and Fe03 coatings
on mineral grains, The residual soils contalin less Fe-coatings
on minerals and more Fe-bearing weathered silicate minerals., Oolitic
Fe-bearing nodules and ferruginised clay minerals Increase from
the coarse to the finer sandlfracfions, but are dependent on

the effects of eluviation and illuviation in a specific zone,

In the silt-clay fraction Fe-oolitic nodules and encrustations
on.clay minerals are common, Coatings of Fe-oxide on resistant

minerals were also observed.

Under leaching conditions Fe-encrustations are scarce whilst
the available Fe concentrates in oolitic nodules and clay in
the silt=clay fraction. This explains why less Feo03z is available
In the sand fractions of the highly leached zones,

It is- clear that both the concentration and manner in which
the Fe-oxlides occur, influence the Cu-sorption between fractions,
although within the same fraction in the same zone It is falirly
constant. By plotting the (X+S), X and (X-S) of the Fe,03 (total
Fe as Fe03) concentration against those of the Cu concentrations
in the sand and silt-clay fractions in all the soll horizons
(Fig. 7-10), the approximate sorptive capacity for Cu for each

zone can be determined, reflecting the weathering conditions,

Both Fe and Cu are depleted In the eluviated zones but
enrichment of Cu relative to the Fey03 in the Ay horizon (especially
In the coarser fractions) may also result from the sorption

of Cu on organic constituents (Boyle and Dass, 1967).

The increase in the Cu=-sorption from the coarse to the

fine fractions, is pronounced in the eluvial zones and less
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so in the flluvial zones (Fig., 7-10). Leaching in the eluvial
zones therefore caused more Cu enrichment with respect to Fej03
due to the fact that Fejy03-coated mineral grains In the coarser
fractions are more Cu-saturated, especially at low Fez03 concen=
trations, The higher the Fe»03 content In-a zone the more Cu-

undersaturated the soils become.

The Cu is also enriched relative to the Fe203 in the illuvial
zones of the transported soils compared to those of the residual
solls (Filg. 7-10). The sorptive capacity is also higher in the
illuvial zones of the transported solis than of the residual
solls. This is probably a result of the fact that more Cu 1is
available In the transported than In the residual material.

It is evident from the discussion above that a better
understanding of the Fe03 and Cu relationships and the factors
controlling them are essential to enable an accurate evaluation
of the data. After correcting the Cu concentrations against
the relative sorptive capacities of Fep03 for Cu, the excess
Cu concentrations were plotted for the different size fractions
against the Indlividual horizons of 6 selected profiles In which
Cu enrlchment was expected (Fig. 7-11).

From the plots it is obvious that the gravel fraction shows
strong but variable enrichment patterns in the transported solls
and particularly In the pebble layer, The amount of goethite
pellets could thus have Influenced the excess amounts of Cu.

In order to minimise the effect of the sorptive capacity
of Fe for Cu, Individual goethite peliets can be selected from
a specific horlzon for Cu analysis., The senslitivity of these
peilets for chalcophile and siderophile elements have been observed
by Mazzuchelli and James (1966) and could thus provide an exellent

sampling medium,

Of the other soill fractions, the silt-clay fraction Is
the most sensitive indicator of anomalous enrichment, but in
the By horizon in the transported soils the silt-clay fraction
is strongly depleted and hence not a sulitabie horizon. Leaching
followed by precipitation In the B2(T) horizon Is expected to
be the reason for the latter.
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The actual Fe-concentrations for each fraction in the horizons
of proflile 14 plotted against the calculated mean and standard
deviations for total Fe as Fe303 In that horizon (Fig. 7-12)
prove the latter., Fig. 7-12 shows that the deviation is a result
of Fes03 ratios between fractions that deviate from the calculated.
The more Cu-undersaturated fine fractions (especially In the
Illuvial zones) are, the more vulnerable they are to over or

under compensation which then results in abnormalities,

The more Cu-saturated coarser fractions are less affected
by enrichments due to redeposition. The expected Fe-concentrations
for the finer fractions Iin a specific horlzon can thus be inter-
polated from the coarse fractions, parallel to the calculated
ratios used for Fep03 compensation. |f the over or under compensation
is then corrected, using the Interpolated Fep03 value, the silt-clay
fraction is also the most sensitive parameter in the Bp(T) horizon
(Fig.7=-12),., Such over and under compensations In the silt-clay
fraction Is, however, only expected In the zones where strong
irregular Fe03 enrichment took place between fractions after
leaching, such as the Illluvial zones occurring in the transported

solls.

Depletion of Cu In the fine sand fraction of the eluvial
zones also results from Irregular leaching condltions causing
disequilibrium in the Fez03 ratios. Under leaching conditions
the oolitic Fe-nodules and the Fej03 rich clay particles are
concentrated in the silt-clay fraction. When the fine sand fraction
is enrlched in chemically precipitated Fep03, due to weaker
leaching conditions, disequilibrium Is reached resulting in
similar deviations. If Cu is then normalised for Fey03, assuming
the latter to be due to coatings, whilst oolitic nodules and
ferruginised clay particles occur, over compensation resuits., The
fine fractlion iIs thus the easiest effected by eluviation and

iltuviation, causing disequilibrium.

Corrections for all the zones in profiles 14 and 31 (Fig. 7-13)
Indicate that the silt-clay fraction is always the most seéslflve
soll sampling parameter, If the Fey03 Is absolutely compensated
for. This will apply In the resldual and transported soll as
well as the pebble layer.
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Whilst it 1Is possible to use the silt=-clay fraction in
an exploration programme, Fe=-rich oolites could also be used
effectively, especlally in the pebble layer but possibly also
In all other zones. Since Fe accretion in oolites Is controlled
by rather restricted chemical and mineralogical parameters,
It is expected that the sorptive capacity for Cu would vary
within rather strict limits.

In the residual solls overlying Cu-mineralisation (profile
31), the B2(R) horizon is the most sensitive with the C horizon
the second best. Enrichments of Cu in the B3z and C horizon of
profile 28 could result from lateral Cu enrichment due to the
lateral moving groundwater from the Cu-bearing pegmatite veins,
slightly upstream at profile 31, Lateral enrichment Is the most
confusing and difficult factor to evaluate If Cu is used in
exploration, In profile 6 a false Cu anomaly is obtained due

to these influences.

Therefore, 1f Cu is used laterally, a continuous zone In
the residual solls is preferred. The zone of maximum lateral
movement of groundwater (lower part of the C horizon) appears
to be a useful parameter in tracing an ore-body on a lateral
scale and also for locating the ore. The C horizon is usually
the only continuous zone and allows anomalous Cu values to be
traced upstream. It is essential to use the lower part of the
C horizon because rellicts of the mottied and pallid zones are
still expected Iin the upper parts of the C horizon on the middle
and footslopes (Flig, 3-12),

In transported soils Cu=-enrichment is almost purely a result
of lateral redistribution (profile 31), The irregular Cu-enrichment
between fractions In transported solls complicates the interpretation
of data considerably. The Ay horizon gives the most consistent
results, even if It Is not the most sensitive, This Is probably

due to Cu adsorbed on organic material (Boyle and Dass, 1967).

In the pebble layer the goethite pellets offer the best
alternative as a lateral tracer but the silt-clay fraction could

also be used from this zone.



7.2.2.3 Molybdenum

Molybdenum is chalcophile or siderophile (Levinson, 1980) and
mobitle as the MoO4 -ilon in oxidising, alkaline environments. 1t
also correlates poslitively with Fe in the same fractions from
the individual horizons. It is enriched In the gravel fraction
showing an affinity for goethite. Ferrimolybdite Is the Ilikely
host mineral phase in the goethite pellets, where the Fe3* 1s
inclined to restrict its mobility (Levinson, 1980)., The concen-
tration levels of Mo are so small that no correction for Fej03

Is necessary and any Mo value obtained is anomalous.

The siltt-clay fraction is a sensitive parameter for Mo-
enrichment (Flig., 7-14), but If goethite pellets are present
In the gravel fraction (profiles 9 and 11), this is the most
sensltive fraction. A disadvantage Is, however, the Irregular
distribution of the goethite pellets., The silt-clay fraction

which Is always present, Is therefore the most universaly applied.

The ferrugenous By horizons appear to be the most sensitive
ones to use In the residual soils (profiie 12). In most of the
profiles, however, a B horizon Is not present, making it less
applicable. Enrichment of Mo in the C horlzon of profile 9 is
probably the result of lateral enrichment due to the movement
of groundwater, For both lateral tracing and positional determination
of mineralised zones, the lower part of the C horizon therefore

is the most reliable sampling medium,

Transported soll Is a poor sampling medium for Mo exploration.
Enrichment Is only present in the gravel fraction of profile
12. In the pebble layer (particularly the lower part) the sampling
of goethlite pellets allows a sensitive means of tracing minera-
lisation. This is the only zone In which goethite pellets are

always present and consequently a relliable sampling medium,
7.2.2.4 Cobalt, nickel, zinc and lead

Cobalt, Ni, Zn and Pb behave the same as Cu and Mo in the soil

profiles (Appendix G), It Is thus expected that the parameters

used for Cu and Mo should be applicable in the same horizons

and fractions for these elements,
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Enrichment of Pb in the medium and fine sand fractlions
(profile 27) Is probably the result of relatively stable cerussite
or anglesite, in the soils, A sand plus silt=-clay fraction can

thus be considered In this case.

7.2.2,5 Lithophile elements
Rubidium, Sr and Ba which occur in nonresistant silicate minerails
exhibit high mobilities during weathering and the clay minerals

control the fixation of these elements. The highest concentrations
are thus obtained in the silt-clay fraction where these elements
are adsorbed on the clay minerals (Appendix G).

Since Rb Is known to increase while Ba and Sr decrease
with differentiation, the Rb/Sr or Rb/Ba ratios could be applied
to establish the degree of differentiation of the bedrock.,
The Sr/Rb ratios show that Sr is more mobile than Rb and aimost
completely leached from the solls (Appendix G). The Sr/Rb ratio
Increases to the upper residual horizons. This is due to +he
fact that leaching of Rb is still active in these zones whereas
Sr has been completely leached.

The Ba/Rb ratios (Appendix G) indicate that Ba and Rb are
more in equilibrium, with the Ba being more mobile than Rb 1in
the lower residual horizons, especlally at high Ba concentrations
(profiles 12, 21 and 26).

Considering the extremely high mobilities achieved by these
elements, the lower barf of the C horizon may give an indication
of the differentiated zone in the bedrock. Comparing Rb, Sr
and Ba values in a profile above the Makhutso Granite (profile
19) with one above highly differentiated granite (profile 9),
the silt-clay fraction proved to be sensitive to enrichment
and depletion (Fig. 7=-15). The silt=-clay fraction is enriched
in Rb and depleted in Sr and Ba in the C horizon over the highly
differentiated granite, compared to the less differentiated
rocks. Optimum results for both Rb, Sr and Ba can therefore
be obtained by using the silt=-clay fraction In the lower part
of the C horizon,

Similar behaviour patterns are shown by Y, Nb and Th. However,
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where these elements are also captured in resistant minerals,
different distribution patterns are observed. Because of thelr
inconsistant behaviour these elements are ignored for any further

exploration purposes.
7.2.2.6 Elements associated with resistant minerals

Zirconium and Ti predominantly remain in resistant minerals
(mainly zlrcon and Iimenite) and are enriched In the slit-clay
fraction (Appendix G). Because cassliterite tends to be coarser
than the zlircon and ilmenite, It is inclined to be concentrated

in any fraction,

Both Zr and Tl behave exactly the same as Sn in the profiles,
except for the fact that they are concentrated in the siit-clay
fraction., Lateral distribution of these slemants are therefore
not affected as seriously by variations in the energy conditions
during redistribution,

The recommended horizons for sampling these elements are
the lower part of the C horizon for positional determination
and the pebble layer and possibly the Ay horizon for lateral
tracing. Filg. 7-16 shows that a general enrichment of both Zr
and Tl occurs In the C horizon of a soil profile (11) above
aplitic granites, compared to a profile (6) above a greisen
lode which is generally depleted of these elements. The maximum

enrichment is observed in the silt-clay fraction.

Because the C horizon shows the maximum enrichment pattern,
it is recommended that this horizon be considered when Investigating

the distribution of the above elements.

Leachable P, V, Mn and U which are often assoclated with
resistant minerals are also preferably fixed to iron oxides
when leached. The Inconsistent relationships of these elements
with Fey03 in the profiles studied, excludes them for use in
exploration even after corrections for Fez03 are made.
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8 LATERAL GEOCHEMICAL WEATHERING AND DISPERSION PATTERNS
IN THE SECONDARY ENVIRONMENT

The lateral dispersion patterns for- Sn, Cu, Mo, Rb, Sr and Ba
are evaluated by using the optimum horizons and fractions as
determined in the previous chapter. Correctlons due to the

sorptive capacity of Fep03 have been made for Cu.,

Concentration intervals as portrayed on the geochemical
maps were determined by using the method of Sinclair (1974), The
obtained populations should reflect either different rock=-types
or mineralised zones or both., Large populations are sudivided

for optimum results.

For the pebble layer and C horizon, only values obtained
from the prospecting pits were used, whilst for the Ay horizon
values obtained from the lateral traverses (Appendix H) were

also included.
8.1 TIN

Residual soil: C horizon (sand + slilt-clay fraction),
Three populations were distingulished (Fig. 8=1):
- Population C represents the background for Sn on unaltered
and weakly altered granites,
- Population B shows altered zones enriched in Sn.
- Population A indicates intensively greisenised zones.

Pebble layer: (bulk sample).

Five populations were distinguished (Fig 8-2a) with:
- Populations D and E representing the background.
- Population C slightly enriched.
- Populations A and B enriched zones.

Graln=size distribution patterns.
The grain-size distribution of cassiterite is shown on a map

using histograms (Fig. 8=2b). Enrichment of coarse cassiterite
Is evident in all the profiles in the mineralised zones. If
the direction of soil movement is taken into account, definite
enrichments of coarse cassiterite from known sources are percelved
between profiles 27 and 31, 26 and 25, 15 and 32, 15 and 16,
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9 and 16 and also at profile 8. Enrichments from unknown sources
are observed between profitles 5 and 6, 10 and 11 and also at
profile 1. These results are even more meaningful when the con-

centration of Sn at each sample point is compared,

Ratlo of Sn content between the pebble layer and the top residual
zone : (bulk sample)

These ratios (Fig. 8-2c) glve unsatisfactory results when not
compared with the actual Sn concentration. |f the concentrations
in the zones are considered together with the ratios, mineralised

zones can be identified,

Taking the direction of soil movement into account, the
same enrichment patterns than those obtained for grain-sizes

are evident, although less significant,

Transported soil: Ay horizon (bulk sample).
Four populations were distinguished (Fig. 8-=3) with:
- Population D representing completely unmineralised zones
In the granophyre and Makhutso Granite. -
- Population C comprising the background in the mineralised
area, ,
- Population B defining haloes around the mineralised zones
for the greisens and quartz pegmatites.
- Population A defining the greisenised zones on the hill

crest accurately.
8.1.1 Discussion

The distribution patterns in the Ay horizon and the pebble layer
give a broad definition of mineralised areas on the hill crest
where the transported solls are thin and outcrops exist. Downslope,
the patterns seem to be due to mechanical redistribution of
cassiterite, causing a gradual decrease in both the concentration
and the grain size, due to abrassion and dilutlon. The strip
marked (A) In Fig. 8-3 Is sandy with quartz the dominant mineral

which difutes the concentration of all other minerals including

cassiterite. The anomaly at point (B) in Fig. 8-3 is expected

tTo be the result of a source higher up on the slopes.
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The Ay horizon and pebble layer therefore cause false anomalies
in the middle and lower stopes and terraces where thick layers
of transported soils occur. The pebble layer is, however, regarded
to be the most sensitive zone for lateral tracing, especially
the lower part of the fayer. Tin ratios between the pebble layer
and residual solls present an even better lateral tracing medium,
also enabling the positional determination of the source. Grain-size
distribution patterns within the pebble layer give optimum results
for lateral tracing and would also allow the detection of the
source. A combinatlion of these parameters ensure an exellent
exploration technique using the pebble layer as illustrated
in Fige 8-4. Care shouid be exercised to ensure that the pebble
layer Is In direct contact with the residual soils and that
the lower part of the pebble layer Is sampled. |f palaeo=-colluvium
occurs below the pebble layer, the zone In direct confécf with
the residual material should be used instead.

The C horizon reveals anomalous concentrations at profiles
9 and 15 where It Is shielded by the transported soil. This
horizon is regarded as the only zone that can be used to locate
the exact position of a mineralised zone. Usage of the C horizon
(particularly the lower part) in conjunction with the pebble

layer is recommended for tracing and finding a mineralised zone.

8.2 COPPER

Residual soil: C horizon (silt-clay fraction).

Qriginal values (unpnormalised for FeyQ03).
Five populations were discerned (Flg. 8-5a) with:
- Population E confined to the unmineralised zones in the

Makhutso Granite and granophyre.
Population D restricted to latteraliy enriched unmineralised
zones In the Makhutso Granite and the Vlaklaagte granite.
Populations B and C confined to the Viaklaagte granite
and profiles in the Makhutso Granite which are enriched
in Cu.

- Population A confined to greisenised zones and the sulphide

rich quartz-pegmatite veins.
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Cy values normalised for FesQs3

Five populations were discerned (Fig. 8=5b) with: ‘

- Population E representing the unmineralised zones on
both the granophyre, Makhutso Granite and Vlaklaagte
granite.

- Population D representing zones slightly enriched.

- Populations B and C representing zones with relatively
high concentrations of Cu.

- Population A confined to enriched zones.

Pebble layer: (silt-clay fraction)

Original values (unnormalised for FejQ03).
Four populations were distinquished (Fig. 8-6a) with:
- Populations C and D representing the unmineralised zones.
- Population B showing zones slightly enriched in Cu.
- Population A confined to the mineralised contact zone
| between the Makhutso and Vlaklaagte granite.

Cyu values normalised for FesQ3_

Four populations were recognised (Fig. 8-=6b) with:

- Population D confined to the unminerallsed zones,
- Population C confined to zones slightly enriched.
- Population B confined to stronger enriched zones.

- Population A confined to strongly enriched zones.

Goethite pellets (original values).

Goethite pellets were also selected for each profile and analysed
for Fe and Cu (Table 8-1). The ‘results Indicate that no relationship
between the Fe and Cu contents exist. No correction for Fe was

thus necessary,

Four populations were Identifled (Fig. 8-6c) with:

- Population D mainly reflecting the background on Makhutso
Granlte,

Population C representing background on the Vlaklaagte
granite and slight enrichments in the Makhutso Granite.
Population B restricted to mineralised and lateral

enriched zones.

Population A restricted to the mineralised zones on the
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TABLE 8-1: TOTAL Fe AS Fep03, Cu AND Mo CONCENTRATIONS I[N
GOETHITE PELLETS FROM THE PEBBLE LAYER FOR ALL
32 PROFILES.

ELEMENTS

PROFILE Fe203 Cu Mo
1 14.9 100 <5
2 15.8 87 8
3 16.9 324 11
4 17.8 184 11
5 17.6 288 "
6 16.5 297 20
7 16.0 167 14
8 15.6 244 22
9 18.8 166 75
10 16.9 247 55
11 16.0 494 106
12 18.2 427 75
13 -——— -—— -——-
14 16.6 831 57
15 15.8 695 25
16 16.0 525 18
17 15.8 362 36
18 14.6 94 15
19 14.8 101 12
20 15.2 96 10
21 14.7 121 9
22 14.6 94 15
23 12.0 119 10
24 14,1 114 11
25 16.1 91 <5
26 17.3 73 8
27 16.3 131 16
28 14.9 443 16
29 17.3 181 17
30 -—- -_— ———
31 16.8 561 16
32 ~-~-- -——— -——-
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contact between the Makhutso and Vlaklaagte granlite.

Transported soll: Ay horizon (silt=-clay fraction)

Original values (unnormalised for Fe-03).
Four populations were obtained (Fig. 8=~7a) with:

- Population DO restricted to the more sandy part of the
flrst order stream,

- The lower part of population C restricted to the sandy
valley floor, the lower slopes and completely unmineralised
parts of the Makhutso Granite and granophyre.

- The upper part of population C restricted to the middie
and upper slopes in the mineralised area.

- Population B broadly defining the Cu haloes around mineralised
zones.,

- Population A broadly defining the grelsenised contact
zone between the Makhutso and Viaklaagte granite, the
sulphide rich quartz-pegmatite, a mineralised zone anomalous
in Sn and Mo and a mineralised zone not coinciding with

either Sn or Mo.

A distribution map for Fey03 using the silt-clay fraction
shows that three populations can be distinguished (Fig. 8=7b)
with:

~"Population C conflned to first order streams.

- Population B representing drainage anomalies from both

mineralised and unminerallised zones,
Population A indicating two highly anomalous zones which
both coincide with Cu anomalies,.

The distribution patterns for both the Fe and Cu from the
top of the ridge where anomaly 1 is situated, form a fan to
the north west along the slopes to where anomaly 4 is situated. This
indicates that the Cu and Fe anomalies are secondary at (4)
due to the redistribution of Fe and Cu leached from the greisenised

zones on the hill crest.

Cu values normalised for Fey03
Four populations are recognised (Fig. 8=7c) with:

- Population D representing unmineralised zones,

- Population C restricted to the lower slopes and areas
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around mineralised zones,
- Population B representing haloes around mineralised zones,

- Population A only restricted to three mineralised zones.
8.2.1 Discussion

The distribution patterns of Cu are relatively broad and are
controlled by Fe-oxides. The Ay horizon shows anomalous distribution
patterns for both the Fe-corrected and uncorrected Cu in the
vicinity of minerallsed zones where the transported soil cover
is thin, At the lower slopes mineralised zones are shielded
by the thick layer of transported solls. The false anomalies
can be separated by comparing both maps;

As a result the anomaly at point 4 (Fig. 8~-7a) proved to
be only the result of Fe accumulation from a mineralised zone
higher up on the ridge. The three other anomalies are associated
with mineralised zones. Most of the thicker solls, especially

on the terraces, create an lron oxide trap for elements.

In the pebble layer the anomalies for both Fe-corrected
and uncorrected Cu values are still broad but more confined
to mineralised zones than in the Ay horizon. Copper mineralisation
underlying profiles 10, 18 and 21 and to a lesser extent profile
t4 (Fig., 8-6b), are shielded. Lateral tracing using the pebble
layer or zone in direct contact with the residual material should,
however, give a more direct indication of mineralisation than

the Ay horizon.,

Using the goethite pellets, it Is possible to distinguish
between the Makhutso and Vlaklaagte granites whilst the highly
mineralised zones are also better defined. The poorly mineralised
zones are not detected, which can be ascribed to Cu values which
do not differ from the retatively high background values. The
goethite pellets therefore outline the extremes very well. Mechanical
movement of the goethite pellets could cause false anomalies. The
remarkably accurate patterns, however, indicate that the pellets
have not moved too far.

The C horizon defines the minerallised zones more accurately

than any of the other zones, especially when corrected for Fe
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and is'recommended for both lateral and positional tracing of
an ore body. Lateral enrichment causing false anomalies remains
a problem, Apart from the fact that Fe-corrected values give
more definite anomalies, both Fe and Cu can be enriched over
mineralised zones and care should be taken when Cu is corrected
for Fe. The lower part of the C horizon is recommended because
relicts of the mottled and pallid zones are still expected in

the upper parts of the C horizon on the lower and footslopes.

The use of Si0O2/Al1203, Al203/Fe203 and SiOp/Fep03 ratios
in conjunction with the mineralogical and geochemical parameters

demand a separate Iinvestigation and are thus not considered.
8.3 MOLYBDENUM

Residual soil: C horizon (silt=clay fraction) '
Two populations were distinguished (Fig. 8=8a) with:
- Population B representing unmineralised zones.

- Population A representing the Mo mineralised zones.

Pebble layer: (silt-clay fraction)
Two populations were distinguished (Fig. 8-8b) with:
- Population B representing the unmineralised zones.

- Population A representing the Mo mineralised zones,

Goethite pellets (original values).
Five populations were distinguished (Fig. 8~8c) with:

- Populations D and E representing the unmineralised zones.
- Populations B and C indicating zones laterally enriched.

- Population A indicating the mineralised zones.

Transported soll: A1 horizon (siit=-clay fraction),
Two populations were identified (Fig. 8=8d) with:
- Population B representing the unmineralised zones.
- Population A representing the mineralised zones (anomalies
1 and 2).

8.3.1 Discussion

In the Ay horizon some displaced anomalles are encountered,
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Indlcating zones of mineralisation, some of which are unable
to be locallised due to shielding by the transported soils (profile
9). Anomaly 2 (Fig. 8-8d) is interpreted as a trace from a source
higher up on the slopes. The fact that Cu, Mo and Sn show the
same anomaly, suggests that the source should be from the late

aplitic to early greisen stage.

The pebble layer and specifically the goethite pellets
in It prove to be a most sensitive lateral tracing medium,
Minerallisation at profile 9 was not detected, using the silt-clay
fraction In the pebble layer and therefore is ascribed to shielding
by the residual solls, Goethite pellets are 50 times enriched
in Mo relative to the silt-clay fraction In the anomalous areas
which makes them more sensitive than the silt-clay fraction
In the C horizon,

The C horizon is the most rellable sampling medium to locate
the minerallised zones, Using a combination of the lower part
of the C horizon and goéfhlfe pellets from the lower part of
the pebble layer one should be able to detect and localise a
Mo-deposit on the upper slopeé and rlidge. On the middle slope
and foot slope care should be taken that the pebble layer is
in direct contact with the residual soils. |f not the lower
part of the C horlzon is the only reliable medium,

8.4 RUBIDIUM

Residual soil: C horizon (silt-clay fraction).
Four populations were observed (Fig 8-9a) with:
- Populations C and D representing the background.
~ Populations A and B indicating metasomatic and dlfferentiated

zZones,

Pebble layer: (silit~clay fraction).
Five populations were ldentified (Fig. 8=9b) with:

- Populations D and E representing the background.

- Population C restricted to areas of weak leaching and
to the greisenised zone on the contact between the Makhutso
and Vlaklaagte granite.

- Population B restricted to slightly enriched zones.

-~ Population A mainly restricted to the aplitic zones.
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Transported soil: Ay horizon (silt-clay fraction).
Four populations were identified (Fig. 8=9¢c) with:

- Population D restricted to the sandy valley floor.

- Population C representing the background.

- Population B representing haloes on the hill crest around
mineralised zones close to the surface as well as the
claye stream bed.

- Population A restricted to the greisen zones and the
claye stream bed.

8.4.1 Discussion

The mobility of Rb causes it to be a difficult element to be
used as a pathfinder. Distribution of Rb in the transported
soils Is a function of topography and the assocliated chemical
weathering conditlions. Rubidium iIs intensively leached on the
slopes compared to the ridge where leaching Is less Iintensive
and where the mineralised zones are still reflected. Rubidium .
removed from the ridge and slopes, Is precipitated in the valleys

where clay minerals occur.

Distribution patterns in the pebble layer are due to mechanical
transportation. Known anomalous zones observed In the C horizon
(profiles 15 and 32), were not observed. The topographical control
on the distribution of Rb is also evident from higher values
in the region of outcrops with primary feldspar still present
and In low energy areas on terraces where Rb is redeposited
in clay minerals, Population B (Fig. 8-9b) represents such a
terrace.

' The Ay horizon and the pebble layer seems to be unreliable
because anomalous zones could be a result of weathering conditions
and topography. The C horizon is a relatively reliable sampling
medium for lateral tracing, but weathering could cause problems. In
less weathered and lower energy zones, Rb will cause false
anomalies. The low energy zones cause reprecipitation and the
enrichment of Rb, When used, however, the less affected lower

part of the C horizon is the most reliable.



8.5 STRONT UM

Resldual soll: C horizon (silt-clay fraction).
Four populations were distinguished (Fig. 8-10a) with:
- Populations C and D indicating the region of greisenised
and leached zones.
- Populations A and B indicating rocks with high background

values or zones unevenly lteached.

Pebble layer: (silt-clay fraction).
Four populations were distinguished (Fig. 8=-10b) with:
- Popuiation D Indicating some greisenised zones,
- Popuilation C Indicating grelsenised and leached zones.
- Populations A and B indicating profiles close to outcrops
and profiles where deposition of Sr took place.

Transported solil: A1 horlzon (silt-clay fraction).
Four populations were identified (Fig. 8=10c) with:

- Population D reflecting the sandy valley floor and the
greisenised zone on the contact between the Makhutso
and Viaklaagte granite.

- Population C forming the background population,

- Populations A and B restricted to the valley floor in

the west and the terraces where redeposition took place.
8.5.1 Discussion,

Sr iIs more mobile than Rb and strongly controlled by topographical
and weathering conditions. Except for some Indication of highly
differentiated zones near the contact of the Makhutso and Vlaklaagte
granite, no other highly differentiated zone could be identified

using any sampling medium,

Redistribution of Sr has a homogenising effect, with the
C horizon the least affected. Enrichment of Rb and Sr in the
western valley floor near a spring, indicates that the watertable
is close to the surface. The enrichment is thus the result of
groundwater transporting the moblle elements to places where

they are precipitated by evaporation,
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8.6 Rb/Sr RATIO

Rb increases with increasing differentiation and Sr decreases,
thus the Rb/Sr ratio should Indicate mineralised zones.

Resldual soll: C horizon (silt=-clay fraction).
Five populations were distinguished (Fig. 8-11a) with:
- Populations D and E indicating background values,
- Population C restricted to slightly mineralised and laterally
enriched zones,
- Populations A and B representing greisenised, aplitic
and sulphide rich zones as well as profiles laterally
enriched and weakly weathered.

Pebble layer: (silt-clay fraction).
Four populations were distinguished (Fig. 8-<11b) with:
- Populations C and D representing the background.
- Populations A and B representing laterally enriched zones
as well as profiles enriched "in situ®™.

Transported soll: A; horizon (silt-clay fraction).
Three populations were distinguished (Fig. 8=11¢) with:
- Population C restricted to the lower slopes and In some
cases the valley floor. N
- Population B restricted to the claye valley floor and
also the middle and upper slopes.
- Population A defining the mineralised zones and outcrops
of granite,

8.6.1 Discussion

The Rb/Sr ratios are not recommended for exploration if either
the Ay horizon or the pebble layer are used., Distribution patterns
in these zones are due to the topography. Mineralised zones

can be identified on the ridge with just as many false anomalies.

Poputation C (Fig. 8-11c) in the Ay horizon is the result
of claye solls in the west, with Sr enriched relative to Rb

and Iis also the result of sandy soils In the east with both
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elements Intensively leached. In population B (Fig. 8-11c) both
Rb and Sr are enriched in the valley floor whilst depleted on
the middle and upper slopes. The false anomalies in population
A (Fig. 8=11c) due to outcrops, are also misleading. It is
thus clear that opposite conditions can result In the same

population., This causes confusion and should be avoided.

The C horizon is more succesfull, providing that simitar
weathering conditions exist throughout. Slight differences in
weathering cause abnormalities (profiles 15 and 16). Low ratios
at profiles 15 and 16 are unexpected but may be due to a weaker
degree of weathering which resulted in higher Sr values. High
leaching conditions are expected to have leached both Rb and
Sr strongly. The lower part of the C horizon is therefore recom-

mended.
8.7 Rb/8a RATIO

Ba is less moblle but behaves similar to Sr In the primary environ-
ment, thus the Rb/Ba ratio could also be used as an indication

of minerallised zones.

Residual soll: C horizon (slit-clay fraction).
Four populations were distinguished (Fig. 8=12) with:
- Populations C and D indicating the background.
- Populations A and B indicating the mineralised zones
and laterally disturbed zones.

All the profiles related to mineralisation proved to be
positive except profile 16 in which no anomaly was detected.
The Rb/Ba ratio gives a better Indicatlion of mineralised zones
than the Rb/Sr ratio and is therefore recommended Iin such cases.
The less affected lower part of the C horizon would yleld the

best results,
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8.8 GENERAL DISCUSSION

The elements studled in thils section can be subdivided Iinto
three general groups:

- Moblile chalcophiie and siderophile elements (Cu and

°Mo).
- Moblile |ithophile elements (Rb, Sr and Ba).
- Element hosted in resistant minerals (Sn in cassiterite).

Elements of the first group are trapped by iron oxides and never
move far from the sources except when mechanical movement is
severe, These elements are reasonably reliable lateral indicators
for mineraltised zones, especially when a combination of the
lower part of the lower pebble layer (especially goethite pellets)
and the lower part of the C horizon Is used.

False anomalies due to Iron enrichment occur, especially
in the case of Cu, but corrections for the Fe503 sorptive capacity
can rectify this, When both the Iron and these elements are
enriched above mineralised zones, anomalous sorptive capacities

may exlist and caution should then be exercised.

Mobile lithophile elements, easily leached and reprecipitated
with clay minerals, result in topography dependant anomalies. Falsg
anomalies resulting from the topographical control can be very
misleading. For these latter elements the lower part of the
C horizon iIs more reliable and ratios appear to be better indi-
cators. Differences In weathering in this zone is a major obstacle.

Elements hosted In resistant minerals yield distribution
patterns which are mechanically controlled. In transported soils
secondary distribution patterns develop which can be used in

regional exploration programmes.,

A combination of the Sn concentration and the grain-size
distribution of cassiterite In the lower part of the lower pebble

layer as well as the concentration ratio between the pebble

layer and reslidual soil can be used for the lateral tracing

of possible sources of tin. When the pebble layer is not In
direct contact with the residual material the lower part of
the zone in contact with the latter should be used instead.
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The lower part of the C horizon can only be used to determine
the exact position of the ore body.
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9 CONCLUSIONS AND RECOMMENDATIONS.

Copper, Sn and Mo give the best Indication of mineralised zones,
depending on the depositional conditions. The Rb/Sr and Rb/Ba
ratios also help to outliine highly differentiated zones.

The interference of different climatic conditions and variations
In topography on the natural 'soil forming processes over a long
period are the major factors to be considered when soil Is used
for mineral exploration. The mineralogical association of elements
and their mobitity also play a major role but are controlled
by the first two factors.

As a result the lateral and vertical distribution of elements
are dependant on:

- The palaeo~- and present climatic conditions.
- The topography (palaeo- and present),
- The primary minerals with which the eiements are associated

and the weatherability of the minerals.

- The predominant end minerals in the sofls and their
elemental association,.

- The mobility of the elements under different Eh=-pH
conditions, '

The palaeo- and present climatic conditlions caused at least
three perlods of soll formation in the area. A palaeo~layer
of transported soils, marked by grading, remained below the
pebble layer and represents the oldest period of soil formation
in the area. Evidence of the high energy pa1aed—condl+lons that
followed is still present in the soil profiles in the form of:

- A pebble layer.

- A reducing mottlied and pallid zone (expected to be the
palaeo-C horizon which developed during water saturation
by vertical and lateral moving groundwater on the contact
between the consolidated and unconsolidated zone).

- A distinct palaeo-lateritic By(R) horizon below the
pebble layer.,
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Presently the soll formation Is marked by lower energy

conditions., Evidence of this in the soil profiles are:

- A characteristic transported soil cover overlying the
residual soils (even on the upper slopes) with the pebble
layer the marker between the two.

- Grading of materlal from the cocarse pebble layer upwards
into finer material, indicating reducing energy conditions.
- A B2(T) horizon in the transported soils which Is less
lateritic, indicating that the present movement of groundwater

is mainly downwards with minor fluctuations In the watertable,

The influence of palaeo- and present climatic conditions
Is therefore evidently a critical factor, resulting in superimposed
profiles. Several periods of stripping and deposition are expected
throughout the Bushveld Complex, as the pebble layer(s) is

universally present,

The topography on the upper slopes has not changed much
from the time of palaeo- soll formation and the present stage. At
the lower slopes, however, the transported soils thicken con-
siderably causing a decline In the slopes. The lower slopes
thus cause problems in separating the franépor?ed solls from
the residual solls and therefore even more than one pebble layer
can be present as witnessed In some profiles In other parts
of the Bushveld Complex. A mature stage of erosion Is therefore
reached in the area where deposition rather than erosion is
dominant in the valleys and on the lower slopes. This Is also
the case In other felsic parts of the Bushveld Complex where
simitar conditions prevail. In some areas, however, erosion
is still dominant (eg. the Zaalplaats area) and better results
are expected, due to a less dominant cover of transported soils. The
pebﬁle layer is, however, still present, especially at the lower
slopes. The topography is thus one of the major factors to be

considered during exploration.

The primary mineral(s) in which the elements occur, control
the leachability of the elements. Depending on the climatic

conditions, some minerals are more weathering resistant (eg. quartz,
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cassliterite, zircon, ilmenite, magnetite etc.) than others (eg.
feldspars, micas etc.). Elements predominantiy associated with
the resistant group of minerals (Si, P, V, Zr and Sn in tThils
study) are therefore not leached and mainly mechanically distributed
in the solls (both lateral and vertical). The grain-size of
The reslsféfe also influences thelir mechanical distribution.

Those elements which are predominantly associated with
the non-reslistant group of minerals (eg. Al, Mg, Ca, Na, K,
Co, Ni, Cu, Zn, Rb, Sr, Mo and Ba and also Pb to some extent)

are easily leached and mainly chemically distributed,

The problem arises when an element occurs In both resistant
and non-resistant minerals (eg. Ti,(V), Mn, Y, Nb, (Sn), Th
and U), Depending on fhe mineral in which it is captured, both
mechanical and chemical distribution may be of Importance and
therefore most confusing distribution patterns may result.

) It is thus clear that knowledge of the host mineral phase
for each element is a prerequisite for understanding its distribution
in solls. Quartz and clay minerals are the predominant end
minerals in the secondary environment and therefore together
with iron, ‘control the distribution of all the elements, The
relative enrichments and depletions of quartz, c!ay and Fes0s3
in the soil profiles are a function of eluviation and illuviation,
Quartz Is always enriched with eluviation relative to clay,
while the inverse applies to Illuviation.

An increase In quartz thus dilutes all other elements in
the eluvial zones with the exception perhaps of elements captured
in other resistates. The elements are thus inversely enriched
In the iliuvial zones where clay accumulates with the redox
potential determining the preference of chalcophile, siderophile

or lithophiie elements for the zone.
Size fractions in which the quartz, other resistates, clay
and Fe-oxldes occur, are also a decidlng factor when the fraction

to be used for a specific element is selected,

The use of Si02/A1503, Al203/Fe03 and SiO3/Fe203 ratios
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in conjuction with the mineralogical and chemical parameters,

Is imperative and requires further investigation,

The mobility of the elements plays a major role in their
distribution. Some elements are more mobile than others, for
example Sr is more than Ba and Ba more mobile than Rb. The ratios
can also easlily be distorted as In fhevcase of the Rb/Sr ratio
which is onily due to varying weathering conditions depending

on the topography.

Movement of the following elements (P, V, Mn, Co, Ni, Cu,
Zn, Sn, Pb, Mo and U) Is controlled by Fe03 and are strongly
sorbed In oxidised zones (the B horizon and goethite pellets
in the pebbie layer) when leached upon weathering. Thelir distribution
is therefore dominantly conftrolled by the distribution of Fej0z3
as is seen from the behaviour of Cu and Mo. They do not move
as far as the majority of lithophile elements during chemical
distribution, because iron which Is always present, acts as
a trap. A combination of the lower part of the C horizon (silt=-clay)
and goethite pellets In the lower part of the lower pebble layer
proved to be a reliable sampling medium for tracing and locating
sources, using the former elements (if not hosted in resistates).
Corrections for the Fej03 sorptive capacity rectifies the false

anomalies which resulted.

The |!lthophiie elements (Ti, Mg, Ca, Na, Y, Nb, Rb, Sr,
Ba and Th) are very mobile due to the fact that apart from clay
minerals, nothing else acts'as a trap for these elements. Thelr
major preclipitation took place as a result of overséfura+ion
In groundwater (eg. spring area) and adsorption onto clay minerals
{eg. spring areas and terraces)., For these elements the lower
part of the C horizon (silt-clay) Is the most reliable sampiing

medium but when hosted in resistates, results may be confusing.

The eiements hosted In resistates yleld distribution patterns
related to mechanical processes., For resistates enriched in
the silt-clay fraction (P, Zr and V), a combination of the lower
part of the C horizon and the lower part of the lower pebble

layer ylelds reasonable results, In the case of Sn, however,

where grain-size is dependant on the source, a combination of
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a) the grain-size population pattern of cassiterite in the lower
part of the lower pebble layer, b) the Sn=-ratlio between the
lower part of the lower pebble layer and the residual soils
(bulk sample) and c¢) its concentration In the lower part of
the C horizon (sand plus silt=-clay) enables the tracing and

locating of sources.

When all these factors are taken into conslderéfion, more
representative anomalies aré obtained on the upper slopes and
hill crest where a relatively thin transported soil cover Is
present. This Is especially true when residual soils are sampled. On
the middle and lower slopes where a thick transported soil cover
Is present it was Impossible to come to any valid conclusions,

because anomalies could have been shielded.

The residual soil Is the only soil reflecting the true
geochemical character of the area. However, moblile elements
leached from the transported solls above may also cause false

anomalles in the solls below, especially at the lower slopes.

It Is evident from this investigation that the sampling
of the By horizon can be disastrous, because transported and
residual soils interfere with each other over a broad area. The
only horlzon which is always present, definitely representing
the latest period of soll formation, and of residual origin
Is the lower part of the C horizon, which is therefore recommended
for locating the ore. On the middle and foot slopes, relicts
of the mottled and pallid zones are still expected In the upper
parts of the C horizon, These zones represent heterogenous materijal
and consequently cause unreliable results, especially for leachable
elements, The lower pebble layer and in particular the lower
part, being the zone in contact with the residual solils, proved
to be a.sensitive sampling medium using pathfinders which are
mechanically or chemically distributed. It Is of the utmost
importance only to use the pebble layer if it is in direct contact
with the residual soils, If not the zone in direct contact should
be used instead. Care should be exerclised in areas where two
or more zones representing different periods of soil formation
and possibly different sources Interfere with one another (eg. a

palaeo- and younger pebble layer). Horizons formed during separate
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periods of soll formation should therefore be treated as individual
zZones,

The distribution patterns become broader, less defined
and less rellable In the order residual solls, colluvium and

alluvium.,

The following sequence of operations are therefore recommended
In the search for tin deposits using Sn, Cu and Mo:

Determine the nature of the overburden.

The nature of the overburden Is a critical sampling parameter.
As a result it is first necessary to map the approximate boundaries
of the different types of overburden in the area (l.e. residual,

colluvium and alluvium).

Determine the developing stage of the soil profile.

The stage of development of the soll profile should be
the next parameter to be investigated and is In most cases necessary
for lateral mapping of the soils.

First, the master horizons have to be distinguished together
with the zones of eluviation and Illuviation, Then the transported
and residual soils should be identified together with all the
palaeo-markers caused by palaeo~climatic conditions.

The latter is very Iimportant because the distribution of
elements will not be the same In different stages of soll formation,
depending on both the palaeo~climatic conditions and the topography
as already pointed out,

Determine the recommended horizon to be sampled.
The distribution of the elements In the solil profiles are most
important in soll sampling.

If the solls In the area are not in a mature stage of develope-
ment any soll horizon will probably give reasonable results,
except along the lower slopes where alluvium is expected. In
such a case the zones of illuviation will be the most sensitive
for Cu and Mo and the zones of eluviation the most enriched
in Sn (providing that cassiterite is the dominant Sn bearing
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mineral). Otherwise Sn would also be more sensitive to the Fe-oxide
rich zones as a result of Its siderophile tendency.

As soon as the soils reach a mature stage of development
as in the case studled, the zone to sample becomes critical
and the most representative zone should be selected. The lower
part of the C horizon and the lower part of the lower pebble
layer are recommended for the lateral tracing and the positional
determination of the sources for Cu and Mo. The lower part of
the pebble layer or horizon in direct contact with the residual
material should be used for the lateral tracing of Sn sources
(providing that It Is predominantly assocliated with cassiterite)
whereafter the lower part of the C horizon should be used for
the positional determination of the source. A combination of
these horlizons present an excellent exploration medium.

The lower part of the C horizon Is therefore generally
recommended for all three elements, especlially i f confusion
about the nature of the soils exists.

Determine the soil fraction to be sampled.
The most sensitive soll fraction has to be selected to ensure

optimum results in the selected zonses.

Due to the variation in the grain size of cassiterite,
the sand plus silt-clay fraction is recommended (representing
all sorts of minerallzed zones) in the C horlizon. In the pebble
layer the grain-size populations of cassiterite and the ratio
of Sn concentrations between the lower pebble layer and residual
soils (bulk sample) should alow lateral tracing of the source.

For both Cu and Mo the silt=-clay fraction Is recommended
in the C horizon but in the pebble layer goathite pellets are
recommended.

Determine the sampling pattern.
From this study it is evident that the traverse lines should
be laid out at right angles to the ore structure if the strike

direction is known, as in the case studied (Fig. 2=1). The general

strike direction of quartz veins would in most cases also give

an indication of the general strike direction of mineralized
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zones. There is a possibility that the Sn and Mo anomallies
could have been missed if the original traverse lines B, C,
D, E and F were laid out paralle!l to the strike direction of
the mineralised zones, If the strike direction is unknown a
grid with equal intervals is recommended. The grid layouts proposed
by Rose et al., (1979) and Levinson (1980) are recommended as
a basis to work from. '

The modus operandi should therefore be as follows:

1. First the lithogeochemical Rb/Sr and Rb/Ba ratios should
be used on a broad scale (see Walraven, In prep.) to select
the correct structural setting of the Bushveld granite. Then
alfuvium (stream sediments) should be used to locate an area
in which a source is shielded (covered). By following the trace
of the element upstream it should be possible to locate the
point (cut-off polnt) where the mineralisation Is crossed or
where the material is supplied by colluvium and/or groundwater
from the sides (banks).

2. When this point Is reached soll samples from the banks

of the stream should be used to locate the side from which the

enriched material is supplied.
3. The A horizon can be used directly (If it bears the enriched
material) to follow the trace upslope, till another cut=-off

point Is reached, indicating the possible position of the source
(which in some cases may well be the case). In most cases, however,
lower zones will have to be used to determine the exact position
of the source and also the number of other possible mineratised
zones normally shielded from exposure by the transported soil
cover, The chance Is very good that a few mineralised zones
occur together and only transported soils would not reveal them
alli,

4, In order to determine the exact position of all possible
mineralised zones in the area the recommended sequence of operations
should be followed. However, if time is limlted the parameters
determined in this study are recommended.

The Importance of a preliminary Investigation is proved
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very cliearly and should not be ignored. All parameters set out
in this study are expected to be falrly consistant for the Bushveld
granites, but should rather be confirmed before a large scale
programme is commenced, because one- abnormality may cause poor

results.
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<.075| 6.5|269 4123 41 198 33156 16 14 41 35 296 16 125 925 27 <5 21917 <5 57 41 12
7ONE MARKED BY QUARTZ |MAINLY ROUNDED AND SUBAHGULAR QUARTZ |TOTAL T2Z 1377 17 Y78 20982 <5 <5 T9 <5 255 9 57 283 14 <5 10570 <5 38 20 <5
PEBBLES, ROCK DEBRIS |PEBBLES; GOETHITE PELLETS; MINOR >2 41.5| 87 898 19 253 30669 <5 <5 24 <5 418 12 57 168 12 <5 8997 14 57 24 <5
P 0.4 |AND IRON OXIDES. KAOLINITE, ILLITE AND OTHER MIXED .425-2 35.9(165 1678 15 148 16086 <5 <5 15 <5 162 7 50 291 12 <5 86 48 <5 31 13 <5
LAYERED CLAYS; MO FELDSPAR AND _180-.425]14.4/209 2036 23 200 22240 <5 <5 21 13 147 10 59 375 15 <5 12050 <5 41 20 <5
CAS, BIOTITE. H.H.- GH, HEM, MAG, .075-.180] 4.0/226 2515 20 186 21681 8 <5 21 <5 188 10 77 553 15 <5 150 43 <5 41 19 <5
ILM, LIk, CAS AHD ZR. <.075| 4.2/288 3594 41 267 34970 19 16 37 22 306 16 133 966 21 <5 20031 <5 60 38 12
RED SOFT PLINTIC B QUARTZ (ANGULAR AND SUBANGULAR) TOTAL 170 2668 48 565 42663 16 12 44 36 258 10 76 408 21 <5 19063 <5 112 31 8
HORIZON WHICH STILL STATHED YITH IRON OXIDES; NO FRESH >2 33.7(135 2216 46 893 37068 10 <5 27 13 328 8 64 316 14 <5 283 51 <5 168 24 <5
B2(R]1.0 PRESERVES THE GRANITIC |FELDSPAR OR BIOTITE; ENRICHED IN .425-2 36.3{170 2575 50 550 36368 12 10 28 20 230 9 75 421 16 <5 19233 <5 130 27 <5
STRUCTURE. (ZONE OF KAOLINITE, ILLITE AND OTHER CLAY .180-.425[15.2[205 3414 55 454 43362 27 13 37 21 249 9 92 525 20 <5 206 26 <5 97 34 <5
ILLUY IATION HITH MINERALS; IRON OXIDES. H.M.- HEM, .075-.180] 7.5[226 3534 56 364 44761 19 33 43 32 233 10 96 595 19 <5 18443 <5 89 34 7
MOTTLED STRUCTURES) . GH, MAG, ILM, CAS, LIM AND ZR. <.075| 7.3/205 3833 52 394 48258 31 21 64 35 288 10 109 654 26 <5 19454 <5 88 42 8
HHITISH-GREY HORTZON  |[QUARTZ (ANGULAR AND SUBANGULAR); TOTAL 90 2300 39 510 33150 16 11 24 35 325 10 70 362 24 <5 19152 <5 10t 31 9
CONTAINING MUCH CLAY |ALTERED FELDSPAR AND BIOTITE; >2 31.2[103 1910 48 493 51420 12 15 30 38 424 9 63 273 26 <5 17843 <5 85 30 7
83 [1.2 MINERALS. THE GRANITIC |WHITE CONCRETIONS OF MAINLY .425-2 38.3|°92 2212 26 375 29656 8 7 21 32 315 6 58 321 21 <5 16526 <6 51 21 <5
STRUCTURE IS STILL PRE-{KAOLINITE. H.M. - MAG, ILM, LIM, .180-.42515.7(151 2931 34 333 23525 7 12 27 47 276 9 713 454 20 <5 16821 <5 63 26 <5
FERVED. GH, HEM CAS, AMD ZR. .075-.180| 8.0[213 4114 48 356 30111 16 17 39 51 293 10 106 762 24 <5 23536 <5 12 35 7
<.075] 6.8]219 4362 65 440 42725 21 34 54 74 366 14 115 783 32 <5 26243 <5 85 49 |
BROWN WEATHERED QUARTZ; KAOLINISED, TLLITISED AND TOTAL 35 1510 11 361 31200 B8 12 12 28 430 11 69 267 31 <5 18543 <5 15 35 7
BEDROCK. HEMATITISED FELDSPARS; CHLORITISED >2 40.1| 32 1420 7 341 30526 8 6 6 17 621 9O 65 238 26 <5 17231 <5 92 28 <5
c 1.7 [(UNCONSOL IDATED) . AHD HEMATITISED BIOTITE. H.M.- HEM, |.425-2 42.2| 41 1380 7 285 27892 <5 <5 <5 18 536 8 61 237 24 <5 15519 <5 61 26 <5
MAG, CAS, ILM AMD ZR. .180-.425] 8.5/ 36 1210 8 336 40288 16 21 10 22 652 10 71 283 32 <5 20117 <5 85 37 <5
) .075-.180| 4.4} 52 1731 10 395 54241 20 22 19 36 764 12 102 461 40 <5 25324 <5 73 61 9
<.075| 4.8| 53 1785 8 361 58921 21 20 36 40 753 12 95 389 45 <5 28332 <5 72 69 {]
MEATHERED QUARTZ; SERICITISED AND KAOL INTSED
NLAKLAAGTE GRANITE. POTASH FELDSPAR AND PLAGIOCLASE;
R 1.7 THE BIOTITE 1S CHLORITISED. 44 1371 10 208 22589 <5 <5 25 13 735 12 60 224 21 <5 20526 <5 B4 24 <5
H.M. - HAG, CAS, ILM, HEM AND ZR.

Description, mineralogy
proflile 1 on red-grey

and frace element geochemistry of weathering

Viaklaagte granite.
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APPENDIX A: (CONTINUED)
|>-‘ .

o |S%32 GRAIN

Z.o o2~ SIZE w

E.S Fg:ngSCRIPTION MINERALOGY (mm) . - GEOCHEH ICAL DATA (PPH)

I — jTwo Pl .

= ol - N o

<O la a -

e =P Ti YV Mo Fe Co Mi CuZn Rb Sr Y 2r Nb Mo BaSp W Pb Th U
DARK BROWN, ORGAHIC ALMOST ONLY ROUNDED AND SUBANGULAR TOTAL 104 1737 17 62 4895 <5 <5 <5 <5 73 8 33 355 11 <5 8913 <5 11 5 <5
¢ICH, ORTHIC A QUARTZ GRAINS (SLIGHTLY STAINED WITH >2 3.4 96 1976 29 74 9791 <5 <5 <5 <5 63 10 43 443 13 <5 105 7 <5 29 11 <5

Ay 0.2 HORIZON WITH WEAKLY IRON OXIDES); NO FELDSPAR AMD BIOTITEj.425-2 55.8 87 1317 15 25 3636 <5 <5 <5 <5 51 5 20 212 B <5 60<5 <5 16 <5 <5
KTRUCTURED SOILS. MINOR KAOL INITE AND OTHER CLAY .180-.425(25.71117 2036 21 81 7973 <5 <5 <5 <5 100 9 36 349 11 <5 127 1 <5 25 6 <5

MINERALS. H.M- GH, HEM, MAG, ILM, L075-.180| 9.71153 2527 15 89 6294 <5 <5 <5 <5 90 10 54 567 16 <5 127 23 <5 20 11 <5
LIH AND ZR. <.075) 5.4/231 4193 22 178 10491 <5 <5 <5 <5 116 18 105 1207 23 <5 181 <5 <5 26 25 &
L IGHT COLOURED, LOOSE [ALMOST ONLY ROUNDED AND SUBANGULAR OTAL 104 2216 34 34 15386 <B <5 <5 <5 100 10 52 450 19 <5 110 <5 <5 27T 2T 1
STRUCTURED, HORIZON OF|QUARTZ GRAINS; NO FELDSPAR AND >2 6.0(130 2336 29 29 14407 <5 <5 10 12 91 10 39 399 12 <5 96 <5 <5 32 10 <5
A2(EN0.35 MAXIMUM ELUY IATION, BIOTITE; TRACES OF KAOLINITE AND .425-2 65.5 87 1916 23 14 11889 <5 <5 <5 <5 78 8 30 310 10 <5 72¢<5 <5 28 6 <5
OTHER CLAY MINERALS. H.M.~ GH, HAG, L180-.425(18.0[130 2995 23 35 16086 <5 12 9 7 120 12 45 422 15 <5 146 11 <5 27 15 <5
ILM, LIM AND ZR. .075-.180| 5.7139 3474 20 61 14689 <5 17 10 9 114 14 61 646 19 <5 14517 <5 26 24 8
<.075| 4.8144 4252 35 70 18883 8 5 9 9 139 16 95 1028 23 <5 167 <3 <5 29 27 1§
BrROWN WEAKLY HAITHNLY ROUMDED AHD SUBAKGULAR QUARTZ |[TOTAL 78 2276 23 8 11190 5 <5 7 <5 94 10 41 399 15 <5 107 7 <5 26 14 5
STRUCTURED GRAINS; MINOR IRON OXIDES; MINOR >2 2.5 65 1725 60 7 18883 <5 <5 <5 <5 79 11 38 343 13 <5 153 <5 <5 32 17 9
A3 0.45 [SOILS. KAOLINITE, ILLITE AND OTHER MIXED .425-2 58.6| 82 1856 23 7 8392 <5 <5 <5 <5 13 1 21 262 9 <5 83<5 <5 27 6 <5
LAYERED CLAYS; NO FELDSPAR AND .180-.425126.00130 3354 27 15 15386 <5 <5 9 <5 128 10 49 475 15 <5 158 7 <5 19 13 <5
BIOTITE. H.M.~ GH, HEM, MAG, ILM, .075-.1801 7.5(153 3773 30 49 17485 <5 <5 7 <5 126 12 66 702 18 <5 171 <5 <5 30 19 <5
LIH AND ZR. <.075] 5.4[174 4911 33 63 21681 13 14 19 7 149 15 95 1000 27 <5 19519 <5 25 29 8
EDDTSH - BROWN QUARTZ (ROUNDED AND SUBAHGULAR) TOTAL 88 2371 26 10 13120 <5 7 7 7 95 10 42 385 14 <5 106 B <5 25 14 6
{EAKLY STRUCTURED STAINED WITH IRON OXIDES; NO FRESH >2 3.0 74 1824 61 9 20526 <5 <5 <5 <5 82 10 40 320 13 <5 149<5 <5 29 16 7
i 0.55 [SOILS. FELDSPAR OR BIOTITE; .425-2 57.2] 93 1932 25 9 10256 <5 <5 <5 <5 72 71 29 225 B <5 85 1 <529 17 <5
KAOLINITE, ILLITE AND OTHER CLAY L1B0-.425 127 4141 3421 29 17 17482 <5 13 11 <5 134 11 50 467 14 <5 155 8 <5 21 14 <5
MIHERALS; 1RON OXIDES. H.M.- HENW, .075~,180{ 7.7162 3823 31 51 19252 6 23 10 8 131 12 67 692 17 <5 169 9:<5 32 20 <5
Gl, MWAG, 1LM, LIH AND ZR. <.075] 4.7183 5052 34 67 23252 14 20 21 13 156 14 97 983 25 <5 18920 <5 27 29 10
REDD1SH APEDAL QUARTZ (ROUNDED AND SUBANGULAR); TOTAL 109 2455 29 15 15806 <5 <5 6 6 96 9 43 397 13 <5 104<3 <5 24 12 <5
35 HORJIZOM. MO FELDSPAR AND BIOTITE; >2 3.7(126 1497 188 12 70639 20 14 24 <5 S6 5 27 249 11 <5 36<5 <521 9 1

B82(T10.6 [(ZOWE OF KAOL INITE AND OTHER MIXED LAYERED .425-2 54.2| 83 1617 23 19 11889 <5 <5 <5 <5 66 6 24 225 9 <5 6512 <5 24 <5 <5

ILLUVIATION) CLAY HMINERALS. H.M. - MAG, ILM, LIM, |.180-.425(27.1{165 3713 43 S3 22380 <5 29 14 15 142 14 58 512 18 <5 178 7 <5 33 22 1
GH, HEH AHD ZR. .075-.180| 9.1{200 4612 39 70 26577 8 27 19 17 148 15 79 776 24 <5 19514 <5 25 30 10

<.075] 5.9/196 4971 43 104 29374 14 29 22 20 162 16 96 902 25 <5 ¥99<5 <5 31 31 8

10R1Z0N MARKED BY HAINLY ROUNDED AND SUBAKGULAR TOTAL 122 2575 817 8 40565 11 7 18 <5 900 10 45 418 15 <5 111 <5 <5 24 18 7
[ROUNDED QUARTZ QUARTZ PEBULES AHD GRAIHS STAIHED >2 40.3} 10 1138 164 12 97216 58 34 51 <5 49 <5 30 301 12 <5 <5<5 <5 <5 12 14

P 1.1 PEBBLES AND GOET- WiTH |RON OXIDES; GOETHITE PELLETS; .425-2 31.51104 1976 30 14 16086 <5 <5 6 <5 67 71 28 265 11 <5 7511 <5 22 8 <5

1ITE PELLETS. HINOR CLAY MINERALS; NO FELDSPAR L 180-.425|17.7[161 3633 41 47 21681 <5 <5 <5 <5 134 11 62 534 15 <5 195 <5 <5 40 20 <5
AND BIOTITE. H.M. - GH, HEM, .075-.180] 6.2[187 4672 41 41 26577 10 14 19 5 135 13 80 785 23 <5 186 8 <5 25 28 9
HAG, ILM AND ZR, <.075| 4.3)192 503)  S3 _67 3357 18 27 25 10 143 14 96 964 25 <5 214<5 <5 30 31 9
SROMN HORI1ZON HAINLY QUARTZ; TOTAL 206 3001 26 232 36255 13 10 71 21 225 22 15 389 24 <5 25119 <5 63 29 6
OF iH1GHLY ALTERED FELDSPAR >2 32.5{358 2621 65 411 60824 25 15149 14 199 18 63 334 19 <5 183 7 <5 971 27 8

C 1.3 {EATHERED BEOROCK. AND BIOTITE; H.M - MAG, ILH, .425-2 36.9{209 2631 17 212 32526 10 7 72 15 252 23 69 292 22 <5 30223 <5 59 28 <5

(UMCONSOL IDATED). HEHM AND ZR. .180-.425116.31191 3245 12 198 31252 9 <5 65 13 273 23 70 326 23 <5 333 25 <5 55 28 <5
L075-.180 | 8.6[223 4152 25 256 41262 15 17 82 32 249 24 101 552 31 <5 27939 <5 54 41 9
<.075| 5.7[221 4163 41 309 45212 26 20 99 25 222 18 115 676 33 <5 24312 <5 79 47 14

Descriprion, mineralogy and frace element geochemistry of weathering

profile 2 possibly o

n Viaklaagte granifte.

291




APPEHDIX A: (CONTINUED)
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o SggDESCRIPTIOM MINERALOGY (mm) . i GEOCHEMICAL DATA (PPI1)
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'_“:‘I gl;lg = P Ti v Mn fe Co NI Cu Zn Rb Sr Y Zr Hb Ho Ba Sn W Pb Th U
DARK BROWN, ORGAMIC ALMOST OHLY ROUNDED AHD SUBANGULAR TOTAL 154 1783 14 115 11523 <5 <5 12 <5 98 13 42 313 13 <5 12718 <5 40 10 <5
RiICH, ORTHIC A QUARTZ GRAINS (SLIGHTLY STAINED WITH >2 4.8(152 2156 23 126 16082 <5 <5 19 <5 109 12 65 482 14 <5 139<5 <5 59 19 <5
Ay 0.3 HORIZON WITH WEAKLY IRON OXIDES); NO FELDSPAR AND BIOTITE;|.425-2 61.1/139 1737 13 108 14407 <5 <5 12 <5 85 10 43 317 10 <5 85¢5 <5 57 7T <5
ISTRUCTURED SO1ILS. MINOR KAOL INITE AMD OTHER CLAY L180-.425 [24.4/357 1880 13 119 11819 <5 <5 12 <5 101 1t 45 322 12 <5 131 2) <5 40 10 <5
MINERALS. H.M- GH, HEM, MAG, ILM, .075-.180 | 6.5/187 2276 18 148 17485 <5 <5 17 <5 111 15 74 600 16 <5 14015 <5 49 16 <5
LIM AND ZR. <.075] 3.2|283 4252 39 312 26577 20 <5 44 8 167 24 150 1254 28 <5 257<5 <5 60 31 12
i 1GHT COLOURED, LOOSE |ALMOST ONLY ROUNDED AND SUBANGUUAR OTAL 183 2695 34 88 208675 11 <5 54 8 135 10 62 405 14 <5 125<5 <5 47 14 <5
STRUCTURED, HORIZON OFQUARTZ GRAINS; HO FELDSPAR AND >2 12.6[196 2875 46 126 34900 V1 8 47 14 136 10 62 414 13 <5 135<5 <5 62 17 <5
A2(E10.5 MAXIMUM ELUYIATIOH. BIOTITE; TRACES OF KAOLINITE AND .425-2 40.8/148 2096 24 58 21681 <5 <5 36 <5 99 6 43 294 10 <5 87<5 <5 42 6 <5
OTHER CLAY MINERALS. H.M.- GH, MAG, .180-.425 [27.5{205 2815 37 111 31473 10 6 45 12 149 12 65 409 13 <5 130<5 <5 52 16 <5
ILK, LIM AND ZR. L075-.180 |11.2[226 3594 46 111 38467 24 13 72 14 181 13 102 742 19 <5 159<5 <53 59 26 <5
<.075| 7.9/248 4133 69 163 51056 32 38 92 35 226 15 116 130 24 <5 182 <5 <5 62 34 8
BROWH WEAKLY WATNLY ROUNDED AND SUBANGULAR QUARTZ (TOTAL 196 2755 41 141 31473 15 B 49 16 135 13 73 483 17 <5 119<5 <5 55 21 7
[STRUCTURED GRAINS; HINOR I1RON OXIDES; MINOR >2 10.3]178 2635 38 89 27976 13 <5 44 <5 123 8 68 458 14 <5 1147 <5 <5 59 18 <5
Az 0.7 [sOILS. KAOLIMITE, ILLITE AMD OTHER MIXED .425-2 38.10144 1677 23 72 19583 <5 <5 25 <5 87 9 43 261 B8 <5 57<5 <5 57 1 <5
LAYERED CLAYS; MO FELDSPAR AND .180-.425|27.2|209 3174 41 .89 32172 15 <5 60 10 154 11 74 453 15 <5 137 <5 <5 62 19 <5
BIOTITE. H.M.- GH, HEM, MAG, ILM, .075-.180 |13.2]248 3893 53 141 41264 22 22 64 21 179 15 111 800 22 <5 160<5 <5 65 30 9
LIK_AND ZR, <.075111.2|253 4193 70 148 47559 35 27 95 24 208 14 122 789 22 <5 174<5 <5 64 33 1
REDDISH - BROWN QUARTZ (ROUNDED AND SUBANGULAR) [TOTAL 104 2757 43 138 30264 12 .7 45 14 130 11 69 471 15 <5 120<5 <5 54 19 <5
MEAKLY STRUCTURED STAINED WITH IRON OXIDES; NO FRESH >2 11.4/183 2677 37 99 28120 11 <5 Al <5 124 9 69 447 14 <5 119 <5 <5 53 18 <5
8y 0.9 IsoiLs. FELDSPAR OR BIOTITE; .425-2 37.0(152 1882 26 89 19998 6 <5 24 7 98 8 52 282 9 <5 68<5 <5 51 9 <5
KAOL INITE, ILLITE AND OTHER CLAY S180-.425|26.21201 3272 39 97 33242 13 11 56 11 157 12 77 473 17 <5 141 <5 <5 57 20 7
MINERALS; IROH OXIDES. H.M.- HEM, .075-.180 [14.2|251 3882 56 145 42611 19 13 59 24 183 14 114 812 24 <5 166 <5 <5 59 33 1
GH, MAG, ILM, LiM AND ZR, <.075[11.2|257 4212 69 162 49152 32 29 99 29 215 17 127 805 26 <5 173 <5 <5 58 36 10
REDDISH APEDAL QUARTZ (ROUNDED AND SUBANGULAR); OTAL 167 2695 42 1090 31574 10 <5 40 <5 121 10 65 444 11 <5 125 <5 <5 54 16 <5
B HORIZON. NO FELDSPAR AND BIOTITE; >2 19.2/196 2911 50 141 35669 10 <5 46 9 112 9 57 405 13 <5 105 <5 <5 66 17 <5
B2(T11.3 [(ZONE OF KAOL IHITE AND OTHER MIXED LAYERED .425-2 38.8/146 2078 23 44 18883 <5 <5 32 <5 86 7 41 284 9 <5 713<5 <53 51 7 <5
ILLUY LATION) CLAY MINERALS. H.M. - MAG, ILM, LIM, |.180-.425 |24.4|231 3833 44 119 39166 20 15 70 27 166 13 83 543 22 <5 147 <5 <5 47 28 <5
GH, HEM AND ZR. .075-.180 |11.1]240 4013 58 148 41964 24 17 66 9 184 13 113 829 20 <5 166 <5 <5 64 30 6
<.075| 6.5|266 4552 61 171 50356 31 35 107 33 222 15 125 820 28 <5 173 <5 <5 49 39 9
IORI1ZON MARKED BY TTATNLY ROUNDED AND SUBANGULAR OTAL 185 2156 174 163 90098 34 29 9B <5 03 10 58 371 15 <5 45 <5 <5 46 25 17
ROUNDED QUARTZ QUARTZ PEBBLES AND GRAINS STAINED >2 69.3[135 1725 211 171 99698 54 28 102 <5 69 7 45 294 11 <5 <5 <5 <5 55 24 21
P 1.6 PEBBLES AND GOET- WITH IRON OXIDES; GOETHITE PELLETS; .425-2 13.8/196 3174 70 186 53154 19 16 61 26 138 12 73 431 17 <5 136 16 <5 60 24 7
HITE PELLETS. MIHOR CLAY MINERALS; NO FELDSPAR .180-.425 |10.8|218 3594 56 156 44761 23 11 69 B8 167 12 93 591 20 <5 161 <5 <5 58 28 <5
ANO BIOTITE. H.M. - GH, HEM, .075-.180] 2.9|235 3773 62 178 47559 21 21 71 22 178 14 109 725 22 <5 160 <5 <5 60 31 7
MAG, LM AND ZR, <.075| 3.2|214 3773 70 183 50356 32 18 94 18 187 15 114700 22 <5 172 <5 <5 66 32 7
BROWN HORIZON HATHLY QUARTZ; TOTAL 708 3010 25 245 37152 14 11 69 19 305 23 91 432 24 <5 305 10 <5 54 31 6
DF HIGHLY ALTERED FELDSPAR >2 19.3|371 2621 59 448 79232 25 16 148 13 277 16 74 365 22 <5 235 <5 <5 89 29 10
c 1.7 NEATHERED BEDROCK. AMD BIOTITE; H.M - NAG, ILH, .425-2 58.4]219 2734 17 231 32156 10 6 65 13 365 23 79 321 22 <5 362 1) <5 65 27 <5
( UNCOHSOUL 1DATED) . HEM AlD ZR. 180-.425]12.8/204 3212 11 211 30542 11 7 63 11 382 24 81 354 23 <5 382 2} <5 59 29 <5
.075-.180] 4.4]239 4156 25 251 41121 17 17 81 29 363 24 117 619 29 <5 331 22 <5 57 39 9
<.075) 5.1|222 4215 37 305 46194 29 19 99 24 311 18 131 721 31 <5 298 9 <573 45 9

Description, mineralogy and trace element geochemistry of weathering
proflile 3 on Vlaklaagte granite.
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APPENDIX A: (CONTINUED)
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DARK BROWN, ORGAMIC |ALMOST ONLY ROUMDED AND SUBANGULAR TOTAL 122 1677 9 104 11540 <5 9 17 7 114 14 56 390 14 <5 151 52 <5 39 13 <5
RICH, ORTHIC A QUARTZ GRAINS (SLIGHTLY STAINED WITH >2 3.6{144 1976 10 89 13148 <5 <5 18 <5 117 13 64 452 17 <5 166 75 <5 39 16 <5
Ay 0.15 HORIZON WITH WEAKLY IRON OXIDES); NO FELDSPAR AMD BIOTITE;|.425-2 40.2104 1317 7 74 9791 <5 8 10 <5 86 9 41 287 13 <5 87 63 <5 33 11 <5
ISTRUCTURED SOILS. MINOR KAOLINITE AND OTHER CLAY T180-.425|38.5130 1797 <5 81 9092 <5 <5 16 <5 121 12 45 300 15 <5 171 81 <5 34 14 <5
MINERALS. H.HM- GH, HEM, MAG, ILM, 075-.18012.31187 2635 12 148 14687 <5 <5 19 <5 156 20 93 703 20 <5 431 77 <5 46 23 1
LIN AND ZR. <.075] 5.4309 4103 28 312 27276 11 12 38 21 201 28 179 1378 30 <5 320 8) <5 52 43 18
L TCHT COLOURED, LOOSE |ALFMOST ONLY ROUNDED AND SUBANGULAR TOTAL 130 2036 11 52 13988 <5 <5 26 <5 125 11 68 374 16 <5 163 83 <5 45 12 <5
STRUCTURED, HORIZOM OF[QUARTZ GRAINS; HO FELDSPAR AND >2 5.51117 1797 17 81 19513 <5 64 26 11 118 12 58 390 16 <5 131 75 <5 43 19 <5
AZ(E]0.3 PAXIMUM ELUVIATION. BIOTITE; TRACES OF KAOLINITE AND .425-2 58.8/240 4612 34 171 32172 19 13 63 16 230 19 167 1229 30 <5 297 48 <5 48 42 13
OTHER CLAY HINERALS. H.M.- GH, MAG, C180-.425{38.8/109 1557 10 41 13288 <5 20 17 6 131 12 51 308 14 <5 148 55 <5 38 17 <5
ILM, LIM AND ZR. 075-.180 [10.5{205 2995 13 96 23779 <5 37 40 17 184 17 90 594 22 <5 237 59 <5 43 23 7
<.075| 6.4 74 1299 13 44 10491 <5 <5 171 <5 97 11 43 283 12 <5 116 30 <5 42 15
EROWN WEAKLY HATFLY ROUNDED AND SUBANGULAR QUARTZ |[TOTAL 135 2036 20 89 21681 <5 89 38 17 144 12 63 427 16 <5 148 38 <5 46 10 <5
ISTRUCTURED GRAINS; MINOR IRON OXIDES; MINOR >2 10.6/148 2276 17 710 20982 6 <5 36 6 134 8 58 388 15 <5 135 48 <5 39 14 <5
Az 0.45 [SOILS. KAOLINITE, ILLITE AUD OTHER MIXED .425-2 45.91139 1856 20 58 18184 <5 9 28 15 116 9 48 316 14 <5 109 07 <5 45 13 <5
LAYERED CLAYS; NO FELDSPAR AND 180-.425029.6{152 2396 11 55 1883 <5 <5 41 9 152 10 56 367 15 <5 162 58 <5 43 15 <3
BIOTITE. H.M.- GH, HEM, HAG, ILM, .075-.180| B8.3|209 3354 23 133 29374 9 33 57 15 196 15 102 747 20 <5 243 34 <5 47 28 6
LIM _AND ZR. <.075| 5.6|240 4372 42 133 41264 28 36 99 37 247 16 136 966 27 <5 256 36 <5 54 39 9
REDDISH - BROWH QUARTZ (ROUMDED AND SUBANGULAR) TOTAL 185 2815 20 81 20374 14 75 67 23 167 10 71 439 17 <5 182145 <5 44 72 <5
MEAKLY STRUCTURED STAINED WITH IRON OXIDES; NO FRESH >2 10.3]200 2695 33 96 33291 10 6 53 25 154 9 62 397 15 <5 139 37 <5 42 20 <5
8y 0.6 {SOILS. FELDSPAR OR BIOTITE; .425-2 46.9152 2156 18 54 20970 7 <5 44 11 126 6 48 321 12 <5117 24 <5 37 12 <5
KAOLINITE, ILLITE AMD OTHER CLAY .180-.425|26.8[293 2995 27 104 33571 12 <5 62 33 177 11 68 395 16 <5 173 34 <5 47 22 <5
MINERALS; 1RON OXIDES. H.M.- HEM, 075-.180 | 8.8/261 3773 41 133 41964 20 24 76 38 217 15 111 717 23 <5 230 28 <5 53 35 9
GH, MAG, ILH, LIM AND ZR. <.075| 7.2|248 €073 54 163 50356 33 56 99 53 259 16 126 811 28 <5 247 59 <5 57 44 10
REDD I SH APEDAL QUARTZ (ROUNDED AND SUBAHGULARY; [TOTAL 240 3174 25 110 34970 14 32 67 34 174 12 60 486 18 <5 197 34 <5 45 24 <5
B HORIZON. HO FELDSPAR AND BIOTITE; >2 12.9|209 2991 31 111 33571 14 <5 58 16 153 8 72 467 16 <5 167 26 <5 52 21 <5
B,(T10.9 [(ZOME OF KAOL IMITE AHND OTHER MIXED LAYERED .425-2 38.4/166 2036 16 66 22380 <5 <5 35 17 112 7 49 291 12 <5 97 38 <5 37 13 <5
ILLUY IATION) CLAY MINERALS. H.M. - MAG, ILM, LIM, |.180-.425|26.3|226 3054 25 89 30074 10 <5 62 20 172 10 72 424 18 <5 185 40 <5 44 20 <5
GH, HEM AND ZR. T075-.180]12.71218 3594 30 126 38467 24 62 86 30 220 13 103 701 22 <5 236 51 <5 48 32 <5
<.075] 9.5|257 4312 46 141 47559 33 28 114 45 244 13 129 805 27 <5 227 38 <5 53 41 8
1ORIZOH MARKED BY HATHLY ROUNHDED AND SUBANGULAR TOTAL 248 3114 G4 148 60148 25 1Z 82 22 171 10 87 508 19 <5 201 46 <5 48 30 7
OUNDED QUARTZ QUARTZ PEBBLES AND GRAINS STAINED >2 50.7/218 1497 154 126 98475 27 18 70 8 62 5 45 239 11 <5 <5 35 <5 39 22 16
P 1.6 PEBBLES AHD GOET- WITH IRON OXIDES; GOETHITE PELLETS; .425-2 25.71196 2977 34 141 37767 15 <5 62 17 166 9 77 418 18 <5 325 78 <5 53 24 <5
HITE PELLETS. HMINOR CLAY MINERALS; NO FELDSPAR o180-.425|13.2|240 3653 38 163 42663 16 18 79 43 223 13 99 523 24 <5 211 63 <5 55 34 <5
AND BIOTITE. H.M. - GH, HEM, 075-.180| 6.8|248 3833 37 178 44761 21 48 8B159 230 15 131 741 27 <5 227 68 <5 63 39 8
MAG, ILM AND ZR, <.075| 5.61253 4193 54 223 51056 28 31 94 46 250 15 163 868 25 <5 242 35 <5 76 47 11
BROWN HORIZON MATHLY QUARTZ; [TOTAL 187 3174 35 163 41961 17 11 72 35 206 13 94 530 23 <5 229 19 <5 47 31 6
DF HIGHLY ALTERED FELDSPAR >2 249|192 2935 78 141 60847 22 8 74 20 170 8 83 448 19 <5 149 13 <5 62 26 6
[ 2.1 NEATHERED BEDROCK. AND BIOTITE; H.M - MAG, ILM, .425-2 39.5{170 2875 21 133 30074 9 <5 59 32 191 11 82 449 21 <5 178 23 <5 47 26 <5
( UNCONSOL 1DATED) . HEM AND ZR. .180-.425]17.9]209 3534 31 186 37068 11 11 75 24 242 15 100 514 22 <5 252 17 <5 67 33 <5
.075-.180110.8|200 3893 27 163 38467 23 10 97 37 240 14 123 735 28 <5 261 37 <5 58 37 <5
<.075! 6.9]205 4552 39 215 45461 30 30 112 43 275 15 158 969 33 <5 259 29 <5 68 50 12

Description, mineralogy and trace element geochemistry of weathering
profile 4 on Ylaklaagte granjte.
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APPENDIX A: (CONTIHUED)
> .
e 12532 GRASN
==z |, 2~ S1ZE 153
2 ~ S wpESCRIPTION HINERALOGY (om) . e GEOCHEMICAL DATA (PPH)
Ez =28 3
<O 'm-th -
F e Yie Ti ¥ Mn Fe CoMNI CuZanRb Sr Y Zr Hb Mo Ba Sn W Pb Th U
DARK BROWN, ORGANIC  [ALHOST ONLY ROUMDED AND SUBANGULAR TOTAL 113 1377 15 96 14687 <5 <5 16 7 136 18 50 328 15 <5 17444 <5 48 12 <5
RICH, ORTHIC A QUARTZ GRAINS (SLIGHTLY STAINED WiTH >2 1.8 HO SAMPLE
Ay 0.3 gomzon WITH WEAKLY IRON OXIDES); NO FELDSPAR AND BIOTITE;|.425-2 30.9/130 1317 11 89 11889 <5 <5 11 <5 101 13 37 249 12 <5 12462 <5 51 10 <5
TRUCTURED SOILS. HINOP KAOL INITE AND OTHER CLAY .180-.425 |53.3(139 1557 8 59 8392 <5 <5 11 <5 139 16 39 256 13 <5 20853 <5 48 10 <5
MINERALS. H.M- GH, HEM,'MAG, ILM, .075-.180 | 9.6/261 2455 9 119 16086 <5 <5 17 <5 227 27 69 542 22 <5 31055 <5 60 21 7
: LIM AND ZR. <.075| 4.4[318 4193 16 223 23080 14 <5 40 <5 220 30 155 1247 30 <5 343 40 <5 69 39 |3
| TGHT COLOURED, LOOSE [ALNOST ONLY ROUNDED AND SUBANGULAR [TOTAL 152 2336 11 24 20282 10 <5 44 10 164 14 52 352 18 <5 17845 <5 43 14 <5
STRUCTURED, HORIZON OF|QUARTZ GRAINS; HO FELDSPAR AND >2 2.4 NO SAMPLE
A2(EJ0.5 MAXIMUM ELUVIATION, BIOTITE; TRACES OF KAOL INITE AND .425-2 44.8/152 2396 10 20 18883 9 <5 40 7 140 11 47 310 16 <5 17655 <5 46 14 <5
OTHER CLAY MINERALS. H.M.- GH, MAG, .180-.425 {41.4[170 2396 13 52 21891 <5 <5 38 15 166 15 48 293 16 <5 21285 <5 54 14 <5
ILH, LIM AND ZR. .075-.180{ 6.6(205 3713 21 74 33571 18 7 70 19 242 20 98 686 26 <5 21352 <5 64 31 <5
<.075] 4.8/235 4193 53 148 46859 24 29 86 41 259 21 126 870 31 <5 2563} <5 69 44 12
ROWN WEAKLY HATHLY ROUNDED AND SUBANGULAR QUARTZ [TOTAL 174 2455 29 171 29374 16 8 53 24 184 15 68 404 19 <5 172 40 <5 48 20 <5
STRUCTURED GRAINS; MINOR IRON OXIDES; MINOR >2 2.9(139 2276 37 119 29374 17 <5 62 16 161 12 74 401 18 <5 186 56 <5 104 22 <5
As (0.7 [soiLs. KAOL fNITE, ILLITE ARD OTHER MIXED .425-2 39.0{178 2318 24 58 26577 10 <5 45 20 152 13 55 311 17 <5 17254 <5 57 18 <5
LAYERED CLAYS; NO FELDSPAR AND .180-.425 [42.4/192 2755 26 37 27976 15 <5 66 19 197 15 61 353 20 <5 21170 <5 59 20 <5
BIOTITE. H.M.- GH, HEM, MAG, ILM, .075-.180 |10.1/244 3833 49 111 47559 27 29 92 46 257 18 107 630 27 <5 22336 <5 68 37 8
LIM AND ZR. <.075| 5.6{235 4013 49 117 51056 38 31 120 45 256 15 116 689 28 <5 21419 <5 65 42 8
REDDISH - BROWHN QUARTZ (ROUNDED AND SUBARCULAR) OTAL 705 3174 29 B1 32871 12 <5 65 19 188 15 75 439 19 <5 20020 <5 57 22 <5
HEAKLY STRUCTURED STAINED WITH IRON OXIDES; NO FRESH >2 5.5170 2575 46 171 36368 15 9 50 20 162 13 77 462 19 <5 17437 <5 80 27 7
By 0.9 [SOILS. FELDSPAR OR BIOTITE; .425-2 34.4/174 2575 19 89 25877 <5 <5 41 10 146 11 58 331 17 <5 18354 <5 53 17 <5
KAOLINITE, ILLITE AMD OTHER CLAY .180-.425139.2|1218 3054 35 74 32871 11 6 52 22 202 17 74 386 19 <5 22628 <5 71 23 <5
MINERALS; 1RON OXIDES. H.M.- HEM, .075-.180 |13.2{231 4013 44 104 44761 29 21 94 30 246 17 115 709 28 <5 22729 <5 74 37 8
GH, MAG, ILM, LIM AND ZR. <.075! 7.9/244 4133 58 163 52455 30 35 124 45 251 17 129 157 29 <5 2331) <5 78 44 10
REDDISH APEDAL QUARTZ (ROUNDED AND SUBANGULAR); TOTAL 192 2995 33 133 35669 11 1 54 19 192 16 178 460 20 <5 20322 <5 62 26 <5
B HORtIZON. NO FELDSPAR AND BIOTITE; >2 9.4]196 3294 42 171 39865 17 <5 68 13 181 13 7B 444 22 <5 22350 <5 69 27 6
Bz(T11.5 |(zomE OF KAOL INITE AND OTHER MIXED LAYERED .425-2 37.4[/185 2594 20 93 26242 <5 <5 41 16 145 12 56 324 16 <5 17046 <5 64 18 <5
ILLUV EATION) CLAY MINERALS. H.M, - MAG, ILM, LIM, |.180-.425]|34.3]206 3513 16 89 33761 14 <5 68 14 212 20 78 414 21 <5 24737 <5 718 23 10
GH, HEM AHD ZR. .075-.180 [13.1]226 4013 46 156 45461 20 24 98 34 252 20 121 728 28 <5 24717 <5 78 40 10
<.075] 5.8/218 449 42 133 47559 35 23 132 33 247 17 138 851 32 <5 23522 <5 711 _46_10
{OR1ZON MARKED BY MAINLY ROUNDED AND SUBANGULAR TOTAL 200 2276 94 476 79591 27 11 100 14 129 10 635 328 18 <5 15520 <5 104 26 13
ROUNDED QUARTZ QUARTZ PEBBLES AND GRAINS STAINED >2 52.5(253 2695 128 744 89523 23 28 80 16 118 15 56 291 20 <5 293 <5 <5 125 42 30
P 2.0 PEBBLES AHD GOET- WITH IRON OXIDES; GOETHITE PELLETS; .425-2 19.8{170 3234 42 312 47559 22 6 88 19 179 13 78 385 21 <5 21525 <5 91 28 6
HITE PELLETS. MINOR CLAY MINERALS; NO FELDSPAR .180-.425 [16.6/196 3534 33 156 41264 15 12 77 28 243 19 88 444 25 <5 25837 <5 12 33 6
AND BIOTITE, H.M. - GH, HEM, .075-.180 | 9.8/205 4133 37 148 44761 25 14 105 28 259 18 119 689 30 <5 25026 <5 71 41 8
MAG, LM AND ZR, <.075| 1.3/209 4133 57 208 52455 28 31 103 40 256 18 144 837 33 <5 21925 <5 81 5012
BROWN HORI1ZON NATNLY QUARTZ; TOTAL 165 2995 46 193 45461 19 9 12 20 222 17 90 415 24 <5 23727 <5 68 30 7
DF HIGHLY ALTERED FELDSPAR >2 24.5{170 2995 64 245 60847 22 7 84 9 185 14 B4 419 21 <5 21015 <5 78 30 11
c 2.3 MEATHERED BEDROCK. AND BIOTITE; H.M - MAG, ILM, .425-2 29.9/157 2995 26 148 35669 10 S5 70 24 216 18 B2 405 22 <5 24935 <5 87 29 6
( UNCONSOL IDATED) . HEM AND ZR. .180-.425126.6/161 3534 21 126 35669 15 <5 87 17 268 21 88 442 24 <5 28836 <5 68 30 <5
.075-.180 {12.3[183 4133 30 171 44062 21 19 92 33 281 21 127 719 32 <5 29338 <5 75 43 9
<,075| 6.7]170 4492 47 193 49657 36 23 123 31 278 18 154 858 35 <5 24716 <5 175 51 12

Description, mineralogy and trace element
profile 5 on Viaklaagte granite.
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APPENDIX A: (CONTINUED)
1 > .
e 9%z GRAIN
;gogv S1ZE w
LR - 3 wpPESCRIPTION MINERALOGY (mm) . - GEOCHEMICAL DATA (PPM)
Ezlzm5 &
<o [+ ~N _
£ @ég . Yl ¥I V Mn Fe Co MNi CuZn Rb Sr Y Zr Hb Mo Ba Sn W Pb Th U
DARK BROWN, ORGANIC ALMOST ONLY ROUNDED AND SUBANGULAR TOTAL 178 1677 16 163 15386 <5 <5 42 12 116 12 45 296 14 <5 124 68 <5 17 10 <5
RICH, ORTHIC A QUARTZ GRAINS (SLIGHTLY STAINED WITH >2 6.3|235 2396 17 171 22380 9 10 60 8 135 t3 57 386 18 <5 t67 77 <5 31 16 <5
Ay 0.15 HORIZON WITH WEAKLY IROM OXIDES); NO FELDSPAR AND BIOTITE.425-2 49.3(235 2036 <5 163 16086 <5 <5 40 10 118 12 39 246 14 <5 158 62 <5 33 8 <5
STRUCTURED SOILS. HINOR KAOLINITE AND OTHER CLAY T180-.425135.1|183 1916 7 163 14687 <5 <5 37 <5 104 11 40 277 12 <5 137 43 <5 37 8 <5
MINERALS. H.M- GH, HEM, MAG, ILM, .075-.1801) 5.8/253 2396 17 208 19583 6 8 54 16 191 20 87 533 20 <5 241 713 <5 26 20 <5
LIM AND ZR. <.075] 3.5{427 4552 24 320 31473 22 45 98 23 211 23 124 963 28 <5 301 32 <5 36 33 10
H . IGHT COLOURED, LOOSE |ALMOST OHLY ROUNDED AMD SUBANGULAR TOTAL 130 1797 13 111 13988 <5 <5 44 <5 119 10 46 316 15 <5 124 90 <5 20 10 <5
i ISTRUCTURED, HORIZON OF|QUARTZ GRAINS; NO FELDSPAR AND >2 3.2|205 2216 S0 245 42663 27 37 96 23 134 13 63 409 18 <5 165 56 <5 42 19 8
| |A2(EN0.25 MAXIMUM ELUYIATION. BIOTITE; TRACES OF KAOLINITE AND .425-2 38.4{144 1737 9 104 11889 <5 <5 42 <5 90 9 37 234 14 <5 114 91 <5 30 9 <5
) OTHER CLAY MINERALS. H.M.- GH, MAG, .180-.42547.8187 1916 11 141 18883 <5 20 45 9 123 12 41 271 12 <5 140 27 <5 34 9 <5
ILM, LIM AND ZR. .075-.180| 7.1226 2935 16 163 22380 <5 15 67 10 183 16 87 600 21 <5 237 62 <5 30 21 <5
<.075| 3.5206 4492 32 223 37068 18 44 94 28 216 19 122 919 29 <5 252 21 <5 31 37 10
BROWN WEAKLY MAINLY ROUNDED AND SUBANGULAR QUARTZ [TOTAL 152 2096 12 126 18883 <5 11 54 15 129 11 50 318 16 <5 129 94 <5 13 12 <5
1 [STRUCTURED GRAIHS; MINOR IROMN OXIDES; MINOR >2 2.9t74 2390 43 122 35669 16 11 94 9 137 11 73 402 17 <5 148 53 <5 30 18 <5
Ay 0.35 [soiLs. KAOLINITE, ILLITE AND OTHER MIXED .425-2 40.3|130 1677 9 111 16086 <5 9 46 12 98 9 38 257 14 <5 108179 <5 31 18 <5
: LAYERED CLAYS; NO FELDSPAR AND .180-.42545.6/178 2336 17 111 18184 <5 <5 55 <5 133 10 45 295 14 <5 174 62 <5 18 9 <5
BIOTITE. H.M.~ GH, HEM, MAG, ILM, .075-.180| 6.9/261 3534 32 186 32871 8 16 87 27 204 17 86 573 23 <5 235 53 <5 27 26 ©
LIM _AND ZR. ) <.075| 4.31253 4432 44 193 39865 27 27 123 26 216 16 109 820 27 <5 238 14 <5 35 34 8
REDD I SH - BROWN QUARTZ (ROUNDED AND SUBANGULAR) TOTAL 181 221% 15 131 20111 7 10 59 8 121 11 55 322 16 <5 151 88 <5 24 16 <5
MEAKLY STRUCTURED STAIHED WITH IRON OXIDES; NO FRESH >2 3.3(201 2491 30 127 37543 15 10 97 9 131 10 73 409 16 <5 153 55 <5 28 22 <5
By 0.45 lsorLs. FELDSPAR OR BIOTITE; .425-2 39.9147 1781 11 117 19233 6 9 51 11 92 9 41 261 14 <5 112 90 <5 31 12 <5
KAOL JNITE, ILLITE AND OTHER CLAY . 180~-.425[44.9]192 2431 19 118 21121 <5 7 62 6 129 11 47 295 15 <5 175 57 <5 20 11 <5 —
MINERALS; IRON OXIDES. H.M.- HEM, .075-.180| 7.6]283 2689 25 192 34621 10 28 93 29 199 15 91 601 23 <5 253 45 <5 27 27 1 o
GH, MAG, ILM, LIM AND ZR. <.075| 4.3294 2543 46 197 41343 27 29 131 31 209 17 111 781 28 <5 234 23 <5 34 35 1 o]
REDDISH APEDAL QUARTZ (ROUNDED AND SUBANGULAR); TOTAL 705 2695 22 141 25178 9 O 66 6 147 11 61 399 15 <5 184 36 <5 40 18 <5
B HORIZON. NO FELDSPAR AMD BIOTITE; >2 5.6/261 2935 35 223 43362 11 15 106 20 152 13 68 444 19 <5 190 77 <5 30 23 8
B;(T]0.5 [(ZONE OF KAOL INITE AMD OTHER MIXED LAYERED .425-2 36.3{183 2276 10 111 19583 <5 17 63 7 101 7 40 265 14 <5 138 38 <5 27 9 <5
ILLUY IATION) CLAY MINERALS. W.M. - MAG, ILM, LIM, |.180-.425[42.3(240 2815 21 141 28675 9 <5 75 22 155 12 58 349 18 <5 190 62 <5 27 15 <5
GH, HEM AND ZR. .075-.180| 9.3(253 4013 34 186 38467 21 28 111 21 211 15 92 665 24 <5 251 22 <5 36 29 6
<.075| 6.51279 4672 46 200 47559 26 36 130 43 218 16 107 758 30 <5 228 29 <5 31 38
HORI1ZON MARKED BY MAINLY ROUNDED AND SUBANGULAR TOTAL 231 2036 33 409 97916 335 47 t19 27 105 7 46 352 18 <5 71 25 <5 29 29 17
ROUNDED QUARTZ QUARTZ PEBBLES AND GRAINS STAINED >2 37.1] S0 664 65 394 73185 87 70 210 30 68 <5 39 305 18 18 <5 <5 <5 69 36 27
P 0.6 PEBBLES AMD GOET- WITH IRON OXIDES; GOETHITE PELLETS; .425-2 40.3(274 2515 50 372 46160 7 7 80 19 115 9 47 316 17 <5 189 92 <5 46 18 <5
HITE PELLETS. MINOR CLAY MINERALS; MO FELDSPAR .180-.425 [13.5]213 3174 20 163 28675 1t 51 B84 14 162 11 55 395 18 <5 217 50 <5 30 15 <5
AND BIOTITE. H.M. - GH, HEM, .075-.180| 5.2[274 3953 26 186 37668 13 23 94 29 210 17 77 591 24 <5 239 37 <5 28 26 <5
! MAG, ILM AND 2R, <.075] 3.91283 4732 38 215 43362 27 58 120 23 210 15 106 885 2B <5 256 16 <5 34 34 17
i BROWN HORIZON MAIMLY QUARTZ; [TOTAL 305 3120 25 151 35126 12 36 712 14 423 18 88 435 27 <5 445 19 <5 120 41 18
| DF HIGHLY ALTERED FELOSPAR >2 21.3|442 2681 61 321 70213 24 41 149 8 354 14 73 366 21 <5 331 <5 <5 190 31 25
C+B; (0.7 NEATHERED BEDROCK. AND BIOTITE; H.M - MAG, ILM, .425-2 57.7|307 2734 17 178 31240 9 15 66 9 432 21 76 314 25 <5 489 14 <5 131 34 16
! ( UNCONSOL IDATED) . HEM AND ZR. .180-.425|10.5286 3282 11 153 29621 9 10 63 7 428 21 74 351 24 <5 513 15 <5 111 33 <5
. h .075-.180 | 5.4[313 4132 25 182 41256 14 7 719 26 424 22 113 618 34 <5 455 29 <5 109 47 20
' <,075| 5.1|321 4216 36 201 45389 27 29 89 19 402 18 127 713 34 <5 413 7 <5 148 53 29
R1 LIGHTLY WEATHERED 288 1916 1 55 20842 6 22 39 <5 630 50 83 295 23 <5 7718 18 <5 82 33 17
! R2 REY VLAKLAAGTE DISCUSSED IN TEXT. 196 1617 <5 46 13148 <5 <5 12 <5 575 68 _ B9 273 20 <5 651 16 <5 60 29 16
R R310.7 BRANITE WITH 240 1617 <5 50 18184 <5 17 <9 <5 571 94 109 259 21 <5 607 14 <5 46 32 16
R4 ALTERATION ZONES. 240 1679 <5 119 14687 <5 7 <5 10 434 96 151 258 20 <5 549 10 <5 26 25 1

Description, mineralogy and trace element geochemlstry of weathering |
profile 6 on grey Viakiaagte granite.



APPENDIX A: (CONTINUED)
> o L;
o [SET RAIN
=z Q- v
Zziloz S1ZE
E Q|- 2wPESCRIPTION MINERALOGY (mm), [ GEOCHEMICAL DATA (PPM)
I—-{xmo o
o lE TN -
<O (o w
_';‘.:'I l‘gt;'ls = P T v Fe Co Ni Cu Zn Rb Sr Y Zr Hb Mo Ba Sn Pb Th
DARK BROWN, ORGAHIC  [ALMOST ONLY ROUNDED AND SUBANGULAR TOTAL 91 1485 6 1119 <5 <5 8 <5 44 5 25 251 10 <5 34 24 18 <5
RICH, ORTHIC A QUARTZ GRAINS (SLIGHTLY STAINED WITH >2 NO  SAMPLE
Ay 0.1 HORIZON WITH WEAKLY IRON OXIDES); NO FELDSPAR AND BIOTITE;|.425-2 81 970 12 2670 <5 <5 9 <5 27 <5 11 115 8 <5 7 a4 10 <5
STRUCTURED SOILS. MINOR KAOL INITE AND OTHER CLAY .180-.425 117 1701 <5 887 <5 <5 14 <5 48 5 23 209 1l <5 35 56 18 <5
MINERALS. H.M- GH, HEM, MAG, ILM, .075-.180 188 2648 <5 4456 <5 <5 17 7 14 9 56 537 17 <5 9068 19 11
LIM AND ZR. <.075 245 39717 <5 6614 <5 <5 17 8 94 16 93 1023 24 <5 150 35 32 21
L tGHT COLOURED, LOOSE |ALMOST ONLY ROUNDED AND SUBANGULAR TOTAL 87 1690 <5 4318 <5 <5 20 10 51 5 30 276 12 <5 34 63 16 <5
STRUCTURED, HORIZON OF|QUARTZ GRAINS; NO FELDSPAR AND >2 98 2212 11 8345 <5 <5 17 7 75 B 41 358 14 <5 76 61 44 8
A2(E10.25 MAXIMUM ELUY IATION. BIOTITE; TRACES OF KAOL INITE AND .425-2 97 1438 5 964 <5 <5 6 <5 38 <5 19 182 8 <5 23 69 21 <5
OTHER CLAY MINERALS. H.M.- GH, MAG, .180-.425 131 2220 <5 5066 <5 <5 13 <5 55 S5 25 239 10 <5 58 34 29 <5
ILM, LIM AND ZR. .075-.180 127 2529 <5 2047 <5 <5 15 <5 69 6 56 530 15 <5 81 67 23 8
<.075 157 4263 <5 3823 6 <5 22 <5 100 13 94 1026 24 <5 136 53 26 22
BROWN WEAKLY MATHLY ROUNDED AND SUBANGULAR QUARTZ [TOTAL 80 2237 5 2992 <5 <5 19 10 69 5 36 321 13 <5 53179 17 6
ISTRUCTURED PEBBLES; MINOR IRON OXIDES; MINOR >2 2.9 71 2348 19 7123 5 <5 21 <5 82 7T 44 398 15 <5 77 50 271 8
A3 0.35 [SOILS. KAOL IMITE, ILLITE AMD OTHER MIXED .425-2 31.9( 95 2020 <5 6274 <5 <5 13 <5 53 5 25 222 10 <5 38 33 3t <5
LAYERED CLAYS; NO FELDSPAR AND .180-.425152.1)117 2870 <5 2853 <5 <5 26 71 81 6 40 330 15 <5 82 82 19 5
BIOTITE. H.M.- GH, HEM, MAG, ILM, .075-.180) 7.9/140 3702 <5 6984 <5 <5 30 17 106 10 66 572 19 <5 117 51 33 13
LIM AND ZR. <.075] 5.00147 4813 <5 8341 10 <5 40 25 139 15 95 901 27 <5 145 52 34 25
REDOISH - BROWN QUARTZ (ROUNDED AND SUBANGULAR) OTAL 110 2451 7 8431 <5 <5 26 16 719 6 43 333 14 <5 61 14 23 8
MEAKLY STRUCTURED STAINED WITH I1RON OXIDES; NO FRESH >2 3.5154 2962 21 16542 <5 <5 36 14 81 6 3B 362 14 <5 84 25 36 8
8 0.5 JsoiILsS. FELDSPAR OR BIOTITE; .425-2 36.1] 98 2131 <5 21561 <5 <5 19 6 59 <5 29 227 11 <5 53 44 24 <5
KAOLINITE, ILLITE AND OTHER CLAY .180-.425]/49.2|134 3456 <5 14361 <5 <5 36 21 98 6 46 354 14 <5 98 57 31 1
MINERALS; 1RON OXIDES. H_M.- HEM, .075-.180] 6.1]161 4289 <5 9531 10 <5 43 18 132 9 76 590 18 <5 139 40 31 19
GH, MAG, ILH, LIM AMD ZR, <.075] 5.1J154 5131 <5 10341 11 <5 61 27 162 11 86 634 27 <5 148 51 32 25
REDDISH APEDAL B QUARTZ (ROUNDED AND SUBANGULAR); TOTAL 128 2844 10 10207 8 <5 36 22 9t 6 47 341 15 <5 68 12 3T 9
HORIZON, NO FELDSPAR AND BIOTITE; >2 173 3179 31 27946 6 <5 42 16 91 5 44 327 14 <5 92 23 47 9
B2(T10.9 ISOILS ARE KAOL INITE AND OTHER MIXED LAYERED .425-2 109 2328 <5 5305 <5 <5 19 <5 63 <5 30 225 10 <5 57 42 29 <5
SANDY . CLAY MINERALS. H.M, - MAG, ILM, LIM, [.180-.425 156 3790 <5 10331 10 <5 43 27 111 7 53 372 18 <5 108 54 36 12
(ZONE OF GH, HEM AND ZR. .075-.180 174 4697 <5 10501 14 <5 52 22 141 9 80 623 22 <5 152 40 37 20
1LLUV IATION) <.075 168 5416 <5 12024 19 10 71 38 170 11 92 690 27 <5 162 46 38 28
HORIZON MARKED BY HATNLY ROUNDED AND SUBANGULAR TOTAL 112 2999 80 37133 12 <5 59 <5 16 6 50 417 17 <5 83 43 16 12
ROUNDED QUARTZ QUARTZ PEBBLES AND GRAINS STAINED >2 4 1066 172 90922 61 27141 <5 56 <5 33 266 13 <5 <5 <5 22 16
[ 1.5 PEBBLES AND WITH IRON OXIDES; GOETHITE PELLETS; .425-2 96 2442 47 27489 <5 <5 43 8 59 5 32 237 13 <5 4336 22 5
GOETHITE PELLETS. MINOR CLAY MINERALS; HO FELDSPAR .180-.425 109 3589 19 20094 5 <5 41 <5 86 6 46 362 16 <5 102 44 29 8
(YELLOW ZONE) AND BIOTITE. H.M. - GH, HEM, .075-.180 125 4531 18 24674 9 <5 51 7 108 9 76 658 23 <5 132 48 30 18
HMAG, ILM AND ZR, <.075 134 5080 45 36812 12 8 64 20 127 13 92 826 28 <5 151 41 34 28

Description, mineralogy and trace element geochemistry of weathering
profiie 7 on grey Vlaklaagte granite.
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APPENDIX A: (CONTINUED)
o B GEOCHEMICAL DATA (PPM)
= B>t GRAIN o
;,E EE\“ DESCRIPTION MINERALOGY ?IZE -
== =W mm ) g P Ti V Mn Fe CoNiCuZnRb Sr Y Zr NbMoBa 5n W Pb Th U
ni=} 1E¥§ W
ST oo~ 3
DARK BROWN, DRGANIC RICH, ALMOST ONLY QUARTZ (ROUNDED AND TOTAL 130 1729 20 143 17377 <5 <5 28 6 89 11 56 425 16 <5 55 74 <5 L3 20 4
ORTHIC A HORIZON (THE SOILS SUBANGULAR GRAINS); NO FELDSPAR >2 6.5 162 1744 42 113 29855 42 <5 53 <5 72 6 4B 344 1L <5 72 58 <5 43 14
A 0.2 |PRE WEAKLY STRUCTURED). AND BIOTITE; MINOR KAOLINITE AND .425-2 45.9 139 1628 141 125 13005 <5 <5 23 <5 71 8 40 282 13 <5 56 42 <5 4O 12
1 . MIXED LAYERED CLAYS. .180-.425|35.0 {234 2705 7 185 16795 6 <5 38 <5 96 7 53 419 15 <5 97 60 <5 40 13
H.M.-GH, HEM, MAG, ILM AND ZR. .075-.180 | 6.9 (298 3416 14 230 22265 13 <5 41 11 118 12 93 780 24 <5 126 72 <5 37 31
<.075] 5.7[293 4229 22 269 2u650 16 <5 61 12 141 15 116 1025 27 <5 174 43 <5 50 38
LIGHT COLOURED HORIZON OF MAINLY QUARTZ (ROUNDED AND SUBANGLLAR TOTAL 123 1938 15 150 12517 <5 <5 22 <5 B84 B8 54 432 15 <5 87 66 <5 34 17
MAXIMUM ELUVIATION (THE SDILS {GRAINS): WNO FELDSPAR AND BIOTITE; >2 3.5(132 1839 34 185 22825 10 <5 40 9 B8 9 73 441 18 <5 BB 74 <5 S4 24
a_(E] 0.35 [1AVE A LDOSE STRUCTURED. TRACES OF WAOLINITE AND MIXED LAYERED .425-2 41,1199 1378 7 88 7779 <5 <5 14 <5 59 6 32 228 11 <5 4O 46 <5 39 B
2 . CLAYS. .180-.425 [39.0|179 2511 16 189 16891 <5 <5 32 8 94 8 50 387 16 <5 94 86 <5 59 16
H.M.- GH, HEM, MAG, ILM AND ZR. .075-.180/10.1]191 3169 9 190 16339 B <5 35 <5 407 9 79 701 21 <5 130 61 <5 33 26
<.075] 5.3]196 3995 32 326 25702 12 10 47 11 148 16 126 1117 29 <5 164 26 <5 B3 43
BROWN WEAKLY STRUCTURED SOILS. |MAINLY QUARTZ (ROUNDED AND SUBANGULAR); TOTAL 113 1943 19 118 17605 <5 <5 26 <5 92 9 52 418 14 <5 69 35 <5 L3 17
NO FELDSPAR OR BIOTITE; MINOR KAOLINITE >2 7.11164 2659 18 110 19312 7 <5 42 <5 95 7 49 429 17 <5 103 55 <5 37 17
A 0.5 AND MIXED CLAYS; MINDR IRON OXIDES. 425-2 37.21172 2579 6 116 18303 <5 <5 35 8 B85 B8 52 441 16 <5 80 97 <5 33 15
3 . H.M.-GH, HEM, MAG, ILM AND ZR. .180-.425 [38.4 {133 1950 14 81 14788 <5 <5 27 <5 94 7 45 346 12 <5 69 52 <5 LB 14
.075-.180 {10.7 {204 3332 12 146 23L65 12 <5 51 14 123 10 89 768 25 <5 119 80 <5 34 31
<.075| 6.6 1239 4871 41 240 34795 26 14 BB 17 185 15 118 1019 32 <5 207 30 <5 51 46
REDDISH-BROWN WEAKLY MATNLY QUARTZ (SUBANGULAR TO ROUNDED AND  |TOTAL 188 276L 25 92 24835 0 <5 58 B 112 7 6L L90 17 <5 401 L1 <5 3L 22
STRUCTURED SOILS. IRON STAINED); NO FELDSPAR OR BIOTITE; >2 8.8]201 3094 26 119 31661 7 <5 58 14 113 8 60 453 17 <5 96 49 <5 53 23
b 1.0 KADLINITE AND MIXED CLAY MINERALS; IRON {.425-2 39.5{153 2112 16 46 17880 <5 <5 44 <5 74 5 33 227 11 <5 59 26 <5 29 7
1 - OXIDES. .180-.425 [30.5(213 2793 22 98 27801 7 <5 56 15 110 7 52 365 16 <5 85 70 <5 4L 18
H.M.-HEM, GH, MAG, ILM AND ZR. .075-.180 {12.8 241 3798 25 110 30665 15 6 66 9 137 9 94 784 22 <5 127 2L <5 39 39
<.075] 8.4 275 4599 52 156 45302 26 29 98 36 190 13 106 830 30 <5 156 22 <5 50 45
RED APEDAL © HRORIZON OF  |MAINLY IRON STAINED ROUNDED AND TOTAL 776 2063 30 98 27143 11 <5 59 16 111 8 70 503 20 <5 B3 6L <5 38 27
MAXIMUM CLAY AND IRON ACCUMU- |SUBANGULAR QUARTZ GRAINS; NO FELDSPAR >2 16.3[191 2863 27 86 27953 12 <5 67 B 100 6 59 449 19 <5 80 51 <5 42 19
B (r] 1.6 [LATION. (THE SOILS ARE WEAMLY [OR BIOTITE; KADLINITE AND OTHER MIXED .425-2 36.0 {167 2122 19 95 21726 <5 <5 42 10 79 6 44 2B1 13 <5 66 45 <5 47 13
2 *7 |STRUCTURED). CLAY MINERALS; IRON OXIDES. .180-.425 24,7 [205 3338 16 95 27768 11 <5 71 10 121 6 68 463 20 <5 135 87 <5 37 23
H.M.-HEM, GH, MAG, ILM AND ZR. .075-.180 [11.8 {246 4272 35 140 36311 16 18 79 24 150 10 109 846 29 <5 134 71 <5 39 41
«<.075[11.2 |245 4862 50 163 44010 30 21 106 22 185 11 112 84S 29 <5 169 6 <5 54 45
VELLOW ZONE MARKED BY QUARTZ MAINLY ROUNDED AND SUBANGULAR QUARTZ TOTAL 152 2827 77 99 LG796 16 <5 6B <5 106 7 66 G739 17 <5 90 24 <5 LO 26
PEBOBLES AND IRON OXIDES. PEBBLES AND GRAINS STAINED WITH VELLOW - >2 50.8]118 941 117 61 57819 14 <5 58 <5 36 6 26 153 9 <5 5 44 <5 54 14
o 1.8 IRON OXIDES; GOETHITE PELLETS; VYELLOWISH |.425-2 23.71118 2351 37 122 29090 9 <5 53 <5 93 5 52 350 13 <5 &6 S5 <5 72 17
CLAY MINERALS; NO FELDSPAR AND BIOTITE. [.180-.425|11.4 [168 3413 4D 135 36724 10 <5 63 13 133 9 75 494 19 <5 107 34 <5 59 27
H.M.-GH, HEM, MAG, ILM AND ZR. .075-.180 | 5.8{178 4186 4L 142 38329 18 8 81 9 147 10 101 775 24 <5 143 17 <5 55 36
<.075] 8.3]193 4853 51 163 46395 22 22 93 25 174 12 117912 33 <5 154 L6 <5 51 4k
DROWN ZONE OF WEATHERED QUARTZ; THE PLAGIOCLASE AND POTASH TOTAL 132 2931 L7 135 35439 B <5 51 <5 120 9 74 549 16 <5 Bk 5 <5 &7 26
BEDROCK (GRANITIC STRUCTURE FELDSPAR ALMOST COMPLETELY ILLITISED, >2 27.3{103 1941 B2 60 L4499 9 <553 <5 64 S5 41 292 9 <5 32 5 <5 58 14
C 2.1 [STILL PRESERVED). HEMATITISED AND KAOLINISED; BIOTITE .425-2 46.21118 2700 42 121 34928 6 <552 8 B8 6 52 350 14 <5 71 S5 <5 4B 17
(CHLORITISED AND HEMATITISED). .180-.425 [11.9 {143 3922 42 123 40796 14 <5 82 B 124 7 75 4BL 19 <5 108 17 <5 54 25 <9
H.M.-HEM, MAG, ILM,GH AND ZR. .075-.180) 7.4 1157 3968 56 154 40675 13 9 64 11 135 10 98 765 22 <5 125 5 <5 5§57 35
<.075] 7.2]161 4893 61 191 47600 27 15 90 7 168 12 121 984 30 <5 167 10 <5 59 45 1

Description, mineralogy and trace element geochemistry of weathering profile 8 possibly on the grey Vlaklmsagte granite.

891




APPEMDIX A: (CONTINUED)
| 1>
o [0EE GEOCHEMICAL DATA (PPM)
= S GRAIN =
xZ '3Y |DESCRIPTION MINERALOGY SIZE =
I EDQ (mm) & . R =
T Mo - [P Ti V. Mn Fe ComMi CuZnRb SrY 2Zr NbMoBa S5n W Pb Th U
o Ll Wl
3T 030 3
DARK BROWN, DORGANIC RICH, ALMOST ONLY QUARTZ (ROUNDED AND TOTAL 34 1395 13 137 10560 <5 <5 10 14 121 12 63 407 17 <5 59 148 10 52 21 9
ORTHIC A HORIZON (WEAKLY SUBANGULAR GRAINS); NO FELDSPAR AND >2 3.8(109 1317 27 163 33362 20 6 12 B8 231 9 67 329 25<5 92 41 9 7527 A
A 0. 15 [STRUCTURED SOILS). BIOTITE, MINOR KADLINITE AND MIXED 425-.2 {44.10122 1257 <5 111 11190 <5 <5 <5 9 100 8 43 259 12 <5 4O 74 <5 44 12 <5
1 - CLAYS. H.M.-GH, LIM, MAG, ILM, ZR. .180-.425| 37.4 ]109 1437 8 119 9092 <5 <5 7 6 114 B 58 34k 16 <5 65 157 <5 45 b <5
.075-.180] B8.8]152 1856 13 163 13988 7 <5 7 13 129 11 90 639 20 <5 &8 158 <5 48 22 7}
<.075] 5.9|279 3653 17 297 18883 11 7 14 12 201 20 143 1149 28 <5 130 81 <5 79 41 19
LIGHT COLOURED, LOOSE STRUCT-  |MAINLY QUARTZ (ROUNDED AND GUBANGULAR TGTAL 135 1467 24 L3 19373 11 <5 34 7 120 6 62 LOO 19 <5 63 146 <5 39 15 <5|
URED, HORIZON OF MAXIMUM ELU- [GRAINS); NO FELDSPAR AND BIDTITE; MINOR >2 4.6(189 898 79 B89 30110 10 <5 46 9 227 6 34 165 22 <5 25 395 <5 90 22 o
a_(e) 0.3 |VIATION. PIECES OF FINE- KAOLINITE AND MIXED CLAYS. H.M.-GH, LIM, |.425-2 42.2] 87 1257 8 B89 9791 <5 <5 14 <5 108 <5 44 222 1 <5 40 73 <5 55 B <5
2 *2 |GRAINED GRANITE ARE RECOG- MAG, ILM, ZR. .180-425 {44.1]117 1677 9 29 16687 6 <5 19 14 133 7 56 306 17 <5 63 117 <5 46 14 <5
NISED. .075-.480] 5.6]174 3054 16 59 19583 11 <5 37 15 183 9 112 961 27 <5 123 163 <5 62 28 <5
<.075] 3.2]218 3893 32 111 30773 15 14 59 38 252 15 133 1061 32 <5 145 131 <5 67 42 11
ZONE MARRED BY QUARTZ PEBBLES |MAINLY ANGULAR AND SUBANGULAR QUARTZ TOTAL 152 1737 L2 167 36298 12 18 35 2B 215 13 91 3LL 23 18 95 1200 9 116 36 15
ROCK DEBRIS AND IRON OXIDES. PEBBLES: KAOLINITE AND MIXED CLAY MINE- >2 61.2(170 820 58 133 44062 13 <5 31 <5 212 6 66 126 15 12 S8 990 <5 111 26 &
a 0.4 RALS; NO FELDSPAR OR BIOTIE; IRON .425-2 21.4 {139 1641 21 126 26227 10 <5 24 24 200 7 60 246 19 <5 77 650 <5 70 23 <5
. OXIDES. H.M.-GH, LIM, HEM, MAG, ILM, .180-.425] 7.61157 2276 27 119 28675 14 <5 32 25 230 8 79 423 21 <5 120 700 <5 67 27 <5
CAS, ZR. .075-.180) 5.21212 3114 33 171 35669 20 21 35 LO 265 13 120 899 28 <5 141 710 <5 B2 43 14
. <.075] 4.6]231 3653 61 186 42663 32 27 49 L2 320 13 124 758 25 <5 151 610 <5 100 49 13
RED SOFT PLINTIC B HORIZON QUARTZ STAINED WITH IRON DXIDES (HEMA- TOTAL 700 1600 36 3L0 376837 23 12 36 20 300 12 74 220 25 12 120 980 10 120 36 10
WHICH STILL PRESERVES THE TITE AND GOETHITE). ND FRESH FELDSPARS; >2 31.3{220 1230 41 339 57254 20 47 42 22 370 9 61 220 26 16 110 1210 <5 103 35 4§
8.(RY D.g |GRANITIC STRUCTURE. (MAXIMUM KAOLINITE, SERICITE AND OTHER MIXED 425-2 34.5(199 1560 19 245 36251 16 6 32 17 291 <5 57 270 22 6 101 1L50 <5 76 25 <9
2 *? JcLAy aND IRON ACCUMULATION). CLAY MINERALS. H.M.-HEM, GH, LIM, ILM, .180-,425[18.3]299 2023 25 210 31216 14 11 38 33 267 9 76 41D 23 7 103 1170 <5 86 28 <3
MAG, CAS, ZR. .075-.180| B.6|360 3150 40 230 36572 22 19 57 37 280° 9 111 710 26 7 150 1030 <5 92 40
<.075] 7.3[382 3362 56 270 48256 26 L1 68 62 320 12 122 780 33 B8 160 990 <5 124 57 14
HORIZON CONTAINING REDDIGH QUARTZ: ALMOST ND FELDGPAR: WHITE CON- TOTAL 0L 1431 28 297 39865 23 11 25 19 375 10 71 273 26 7 120 90 <5 107 34 9
UNCONSOLIDATED WEATHERED CRETIONS OF KAOLINITE AND MIXED CLAYS; >2 34.7{113 1060 39 290 59449 19 16 32 23 464 9 63 172 28 13 115 1100 <5 93 34 7
a 4.p |BEOROCK WITH WHITE CONCRETIONS (QUARTZ STAINED WIH HEMATITE AND GOETHITE. [.425-2 36.3{104 1365 17 1B6 37347 15 <5 23 18 363 7 60 225 23 <5 105 1342 <5 S5 24 <5
3 *Y |oF CLAY MINERALS. (MOTTLING). |H.M.-HEM, MAG, ILM, GH, LIM, CAS, ZR. .180-.425| 16.2[165 2096 23 141 31473 13 12 28 32 301 10 75 355 22 <5 107 1150 <5 66 27 <5
.075-.180| 7.3[222 3234 37 163 38467 23 17 42 35 330 11 109 662 26 <5 159 1030 <5 78 37 o
<.075) 7.5/231 3474 sS4 230 50356 28 35 59 59 406 14 120 698 34 8 161 98B0 <5 119 53 12
RED UNCONSOLIDATED WEATHERED [QUARTZ: THE PLAGIOCLASE AND POTASH FELD-  |TOTAL L8 668 7 260 206813 12 11 13 28 574 10 71 185 32 18 14k 900 15 78 37 <5
8EDROCK. GRANITIC STRUCTURE SPAR ALMOST COMPLETELY SERICITISED, =2 40.1| 43 838 <5 238 28816 12 6 25 16 547 9 67 158 28 21 120 910 <5 96 30 <5
c 1.t |STILL PRESERVED. HEMRTITISED AND KAOLINISED; BIOTITE .425-2 42,2| 52 B26 6 186 15179 6 <525 18 450 9 63 149 26 9 108 950 <5 €3 28 <5
(CHLORITISED AND HEMATITISED). .180-.425] 7.5] 48 763 8 238 28188 23 22 21 23 575 10 72 192 34 16 13 905 <S5 84 LO <5
H.M.-HEM, MAG, ILM, GH, LIM, CAS, ZR. .075-.180| &4.4| 65 1257 10 290 32596 27 23 22 37 683 13 104 360 44 25 165 B850 B 76 66 11
<.075| 5.8] 61 1281 B8 267 37142 39 41 39 41 679 1197 392 49 33 168 814 9 92 71 9
SLIGHTLY WEATHERED RED QUARTZ: SERIGITIGED AND HEMATITIGED
VLAKLAAGTE GRANITE. POTASH FELDSPAR: KAOLINISED AND HEMATI-
R 1.4 TISED PLAGIOCLASE; BIOTITE (CHLORITISED 24 555 <5 180 26437 & 6 37 13 740 11 68 148 24 16 168 890 <5 100 29 6
AND HEMATITISED).
H.M.-HEM, MAG, ILM, CAS, ZR.

Description, mineralogy and trace element geochemistry of weathering profile 9 an the red Vlaklaagte granite.
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APPENDIX A: (CONTINUED) :
| > .
o S%7% GRAIN
Zz o2~ SIZE -
&9 {F3wpescrIPTION HINERALOGY (mm) . . GEOCHEMICAL DATA (PPM)
Iz =98 3
<GS g™ 5
WT juiwu $lp Tt ¥ Mp Fe Co NI CuZn RbSr Y Zr Nb Mo Ba Sa W Pb Th U
axo
DARK BROWN, ORGANIC ALMOST ONLY ROUNDED AND SUBANGULAR  |TOTAL 119 1458 <5 159 9029 <5 <5 12 <5 173 11 67 348 19 <5 12079 <5 42 23 <5
RICH, ORTHIC A QUARTZ GRAINS (SLIGHTLY STAINED WITH >2 6.1{140 1431 25 172 21219 <5 <5 19 <5 146 9 58 312 18 <5 102 48 <5 59 21 <5
Ay |o.1 HORIZON WITH WEAKLY IRON OXIDES); NO FELDSPAR AND BIOTITEJ.425-2  [39.8/104 1179 11 136 6610 <5 <5 14 <5 167 11 53 261 19 <5 9B 82 <5 46 20 €
STRUCTURED SOILS. MINOR KAOLINITE AND OTHER CLAY .180-.425 (37.7[150 1652 <5 145 8313 <5 <5 17 <5 178 10 54 264 20 <5 136 90 <5 45 18 <5
MINERALS. H.M- GH, HEM, MAG, ILM, .075-.180|10.5[173 2288 <5 192 11407 <5 <5 16 <5 200 15 114 673 30 <5 168 99 <5 48 38 10
CAS, LIM AHD ZR. <.075] 5.9]258 3858 11 309 15729 10 9 24 <5 243 23 192 1217 40 <5 251 60 <5 65 63 |
L1GHT COLOURED, LOOSE |ALMOST ONLY ROUNDED AND SUBANGULAR  [TOTAT |07 1245 8T 12313 <5 <5 16 9 173 12 68 350 18 <5 121 81 <5 39 271 <
STRUCTURED, HORIZON OF [QUARTZ GRAINS; NO FELDSPAR AND >2 5.8/ 63 476 9 128 15212 <5 <5 18 <5 101 7 43 156 12 <5 89 62 <5 58 22 <J
A2(E10.2 PAXINUK ELUYIATION. BIOTITE; TRACES OF KAOLINITE AND .425-2  [41.5/101 1032 <5 118 9056 <5 <5 12 <5 118 8 49 218 16 <5 121 B2 <5 43 19 <5
OTHER CLAY MINERALS. H.M.- GH, MAG, 1.180-.425143.5/196 2096 <5 157 18321 <5 <5 18 11 192 13 57 493 26 <5 134101 <5 46 18 <5
ILM, CAS, LIM AND ZR, .075-.180 | 5.3]201 2432 B 173 20526 <5 <5 21 12 201 14 121 702 30 <5 158 99 <5 46 40 11
<.075| 3.9/283 3876 16 232 23213 14 10 28 16 232 18 193 1131 38 <5 232 70 <5 63 65 21
ZONE HARKED BY QUARTZ [MATNLY ROUNDED AND SUBANGULAR QUARTZ [TOTAL 129 1369 19 145 22996 <5 <5 26 7 182 12 67 316 2t <5 112 99 <5 39 27 9
PEBBLES, ROCK DEBRIS |PEBBLES; GOETHITE PELLETS; MINOR >2 |32.3J153 769 76 159 61134 6 <5 51 <5 59 5 17 112 11 12 16 71 <5 45 13 12
P |0.35 |anD 1RON OXIDES. KAOLINITE, ILLITE AND OTHER MIXED .425-2  {30.01101 1180 6 132 10581 <5 <5 19 7 189 11 55 237 19 <5 102127 <5 44 22 <5
LAYERED CLAYS; NO FELDSPAR AND .180-.425|27.8{145 1767 6 143 13645 <5 <5 27 10 199 11 67 303 22 <5 135129 <5 45 23 <5
BIOTITE. H.M,- GH, HEWM, MAG, ILM, .075-.180| 6.2{159 2244 11 165 16995 6 <5 31 11 220 16 121 672 33 <5 156149 <5 46 46 14
CAS, LIM AND ZR. <.075{ 3.8|212 3207 t9 238 22758 8 31 46 18 257 19 168 1004 39 <5 227304 <5 55 611
ED SOFT PLIRTIC B URRTZ TANGUUAR AWD SUBANGULARY TOTAL TO5 1356 9 134 21811 <5 <5 56 9 484 11 92 214 37 <5 246 19 <5 55 56 6
HORIZON WHICH STILL STAINED WITH IRON OXIDES; NO FRESH >2 14.1] 87 996 13 110 22101 <5 <5 38 <5 414 14 65 149 23 <5 226 22 <5 59 35 <3
B2(RJ1.4 PRESERVES THE GRANITIC [FELDSPAR OR BIOTITE; ENRICHED IN .425-2  [59.4[ 99 1224 <5 101 15399 <5 <5 46 6 472 16 65 151 29 <5 237 23 <5 59 37 <5
STRUCTURE. (ZONE OF KAOLINITE, ILLITE AND OTHER CLAY [180-.425[13.2(125 2142 12 154 33955 13 13 97 26 589 16 128 280 59 <5 284 25 <5 67 80 9
ILLUYIATION) . MINERALS; IRON OXIDES. H.M.- HEM, .075-.180( 6.8[145 2334 27 192 42334 31 28 122 38 510 13 183 431, 69 <5 255 23 <5 72 111 15
GH, MAG, ILM, LIM _AND ZR, <.075| 6.5/164 2358 26 198 43761 39 28 126 39 470 13 195 451 67 <5 230 16 <5 69 115 18
HITTSH-CREY HORTZON [QUARTZ (ANGULAR AND SUBANGULAR); TOTAL 78 1099 <5 60 12470 <5 <5 38 6 539 19 101 199 36 <5 269 18 <5 53 56 5
CONTAINING MUCH CLAY {ALTERED FELDSPAR AND BIOTITE; >2  {11.1] 65 477 <5 106 7573 <5 <5 12 <5 403 16 49 102 12 <5 194 10 <5 53 23 <3
83 (1.7 MINERALS. THE GRAMITIC (WHITE CONCRETIONS OF MAINLY .425-2 162,21 62 635 <5 106 9497 <5 <5 19 <5 521 19 59 113 19 <5 254 11 <5 60 32 <5
STRUCTURE 1S STILL PRE-KAOLINITE, H.M. - MAG, ILM, LIM, .180-.425|14.4/130 2137 <5 159 31445 <5 13 76 35 666 21 166 275 64 <5 350 21 <5 77 96 9
SERVED, GH, HEM AND ZR. .075-.180] 5.5/148 2821 13 197 39865 19 28 98 47 591 19 315 634 101 <5 320 21 <5 87 172 24
<.075] 6.8/131 2386 13 194 37494 30 31 96 48 517 19 326 608 91 <5 251 14 <5 79 159 28
BROWN WEATHERED QUARTZ; KAOLINISED, TLCITISED AND TOTAL 82 601 <5 111 9356 <5 <5 43 15 823 21 123 153 35 <5 301 16 <5 67 176 <5
BEDROCK. HEMATITISED FELDSPARS; CHLORITISED >2 13.2| 85 383 <5 121 826 <5 <5 16 9 631 17 70 82 18 <5 224 11 <5 65 43 <5
c 1.8 {UNCONSOL IDATED) . AND HEMATITISED BIOTITE. H.M.- HEM, 1.425-2  [59.1[103 521 <5 123 9156 <5 <5 24 7 801 19 79 91 24 <5 283 10 <5 73 54 <5
MAG, ILM AHD ZR. .180-.425[14.4[107 2021 <5 179 28215 <5 17 89 49 983 23 183 231 78 <5 383 23 <5 85 131 <9
.075-.180) 7.8/126 2731 10 201 33525 21 31 109 63 954 21 335 459 121 <5 356 19 <5 98 224 26|
<.075| 5.5/128 2456 11 234 35621 33 34 106 75 898 21 354 432 113 <5 284 17 <5 83 196 31

Description, mineralogy and trace element geochemistry of weathering
profile 10 on grey Viaklaagte granite.

oLt




APPEHNDIX A: (CONTINUED)
P‘; A .
o ST GRAIN
Z e~ S1ZE "
5% "g;’DESCRIPTlON MINERALOGY (mm) . .:E GEOCHEMICAL DATA (PPM)
IN|T @O o
<z he™ 2
‘;‘g W W W = (P T1 ¥ Mn Fe Co NI Cu Zn Rb Sr Y Zr Nb Mo Ba Sn W Pb Th U
oxXro
DARK BROWN, ORGANIC  JALMOST ONLY ROUMDED AND SUBANGULAR TOTAL 113 1377 11 44 10421 <5 <5 12 <5 136 11 39 268 13 <5 14034 <5 18 <5 <5
RICH, ORTHIC A QUARTZ GRAINS (SLIGHTLY STAINED WITH >2 3.6/1139 1737 28 223 27976 20 <5 24 16 151 16 61 345 16 <5 296 26 19 38 15 <5
Aq 0.2 HORIZON WITH WEAKLY IRON OXIDES); NO FELDSPAR AND BIOTITE 1.425-2 32.5(117 1317 9 25 7273 <5 <5 10 <5 106 8 33 230 12 <5 11769 <5 25 <5 <5
STRUCTURED SOILS. MINOR KAOL IRITE AND OTHER CLAY .180-.425(54.14117 1377 9 18 6504 <5 <5 10 <5 139 12 32 219 12 <5 18053 <5 22 <5 <5
HINERALS. H.M- GH, HEM, MAG, ILM, .075-.180} 6.1/270 2575 <5 81 13288 <5 <5 24 <5 242 23 67 484 20 <5 30048 <5 33 17 <5
LiM AND ZR. <.075| 4.0/309 3833 14 200 19583 11 <5 36 <5 231 25 112 910 27 <5 34239 <5 34 26 <5
TGHT COLOURED, TOOSE JALMOST ONLY ROUNDED AND SUBANGULAR TOTAL 96 1377 16 29 10980 <5 <5 13 <5 148 13 42 274 15 <5 14960 <5 26 11 <5
STRUCTURED, HORIZON OFIQUARTZ GRAINS; NO FELDSPAR AND >2 4.6/130 1856 22 59 19583 7 <5 22 <5 164 13 56 345 16 <5 19261 <5 35 12 <5
A2(EN0.3 MAXIHUM ELUVIATION. BIOTITE; TRACES OF KAOLINITE AND .425-2 42.5/130 1677 12 37 13008 <5 <5 14 <5 136 10 39 251t 13 <5 14027 <5 27 8 <5
JOTHER CLAY MINERALS. H.M.- GH, MAG, L180-.425[44.7[113 1377 14 19 10491 <5 <5 10 <5 150 13 34 225 13 <5 19153 <5 25 7 <5
ILM, LIM AMD ZR. .075-.180] 5.0{130 2036 18 46 15386 <5 <5 17 <5 229 20 65 435 17 <5 29055 <5 37 15 <5
<.075[ 3.2/218 3893 19 111 27276 11 <5 43 16 254 20 V10 844 27 <5 26331 <5 36 29 6
[BROWN WEAKLY MATNLY ROUNDED AND SUBANGULAR QUARTZ (TOTAL 152 2336 26 49 19723 13 <5 44 17 200 10 59 358 17 <5 18524 <5 33 16 <5
STRUCTURED GRAINS; MINOR IRON OXIDES; MINOR >2 3.6{174 203640 81 36368 18 <5 59 <5 175 10 102 335 17 <5 164 39 <5 38 20 <5
A3 |0.4 [SOILS. KAOLINITE, 1LLITE AND OTHER MIXED .425-2 44.8{139 1677 16 18 13288 <5 <5 24 <5 136 10 39 259 14 <5 13870 <5 24 9 <5
LAYERED CLAYS; NO FELDSPAR AND .180-.425{41.6(126 1916 11 16 14687 <5 <5 30 <5 174 11 43 273 14 <5 185 37 <5 28 9 <5
BIOTITE. H.M.- GH, HEM, MAG, ILM, .075-.180| 4.4/196 3354 17 53 29374 12 <5 59 13 266 16 79 522 24 <5 24547 <5 32 24 <5
LIM_AND ZR. <.075( 5.6[209 4133 32 104 39865 27 16 86 27 293 15 103 727 29 <5 25026 <5 43 32 <5
tDDISH -~ BROWN QUARTZ (ROUNDED AND SUBANGULAR) TOTAL T3 1737 22~ 51 ZZT01 9 <5 27 10 1713 12 49 303 16 <5 14642 <5 22 12 <5
MEAKLY STRUCTURED STAINED WITH IRON OXIDES; NO FRESH >2 4.6/174 2455 40 81 38467 14 <5 50 14 194 10 63 375 18 <5 16224 <5 37 20 <5
By 0.6 [SOILS. FELDSPAR OR BIOTITE; .425-2 35.5/144 1916 20 52 21669 8 <5 32 22 156 9 46 258 15 <5 12257 <5 29 15 <5
KAOL INITE, ILLITE AND OTHER CLAY .180-.425/42.9{183 2396 22 71 27276 12 <5 42 17 208 12 54 305 17 <5 20336 <5 37 16 <5
MINERALS; IRON OXIDES. H.M.- HEM, .075-.180]| 9.5/226 3773 39 119 41964 20 21 67 29 290 16 99 614 27 <5 25328 <5 37 34 <5
GH, MAG, ILM, LIM AND ZR. <.075) 7.5]218 4133 46 126 45752 27 31 85 40 309 15 107 625 30 <5 22422 <5 50 41 <5
Ptoolsn APEDAL QUARTZ (ROUNDED AND SUBANGULAR); [TOTAL 152 2695 22 62 27486 15 <5 54 17 210 10 70 408 20 <5 18435 <5 35 20 <5
B HORIZON. NO FELDSPAR AND BIOTITE; >2 8.6[196 2875 51 74 43362 19 <5 76 10 198 11 66 396 20 <5 18216 <5 35 22 <5
Bz(T{1.o (ZONE OF KAOL INITE AND OTHER MIXED LAYERED .425-2 32.1/139 2096 13 37 20282 9 <5 32 <5 152 7 47 277 15 <5 13941 <5 34 13 <5
ILLUVIATION) CLAY MINERALS. H.M. - MAG, ILM, LIM, |.180-.425|35.5/192 3354 17 59 31473 9 <5 58 13 222 13 59 317 20 <5 21030 <5 34 19 <5
GH, HEM AMD ZR. .075-.180111.7]218 4133 32 111 41964 25 15 82 23 295 15 103 638 29 <5 24324 <5 44 35 <5
<.075]12.1]213 4372 46 133 46859 30 21 89 26 303 14 111 678 31 <5 24910 <5 54 40 <5
ORIZON MARKED BY MATNLY ROUNDED AND SUBANGULAR TOTAL 257 2575 66 253 80431 22 13 106 14 194 10 72 388 21 23 15968 <5 61 25 8
ROUNDED QUARTZ QUARTZ PEBBLES AND GRAINS STAINED >2 59.3{115 1198 74 460 90922 50 30 220 22 84 <5 48 274 16 62 145 45 <5 107 26 26
P 1.2 PEBBLES AMD GOET- WITH IRON OXIDES; GOETHITE PELLETS; .425-2 15.5/218 2875 63 327 64344 20 14 100 16 215 11 78 377 21 21 19639 <5 90 28 9
HITE PELLETS. MIHOR CLAY MINERALS; NO FELDSPAR .180-.425/12.9174 2935 33 148 40565 17 10 67 18 265 15 77 389 23 9 23735 <5 55 271 75
AND BIOTITE. H.M. - GH, HEMW, .075-.180| 5.20205 3953 49 193 51056 18 22 84 26 312 17 101 557 29 11 26618 <5 66 38 6
MAG, CAS, ILM AND ZR, <.075] 7.1]205 4193 55 238 56301 27 29 92 25 309 16 120 698 32 14 25013 <5 69 43 10
RUWN _HORTZON HATHLY QUARTZ; OTAL 205 1995 Z7 7238 27066 13 10 714 22 377 21 80 416 25 7 36620 <5 69 33 6
OF HIGHLY ALTERED FELDSPAR Y 21.3(262 1575 66 431 64126 26 14 152 17 318 16 67 354 21 36 270<5 <5 90 28 14
c 1.5 MWEATHERED BEDROCK. AND BIOTITE; H.M - MAG, ILM, .425-2 57.5]209 1695 18 223 23182 9 <5 69 14 404 24 70 307 24 6 40025 <5 70 29 <5
(UNCONSOL IDATED) . HEM AND ZR, .180-.425[11.7[196 2174 11 200 32172 9 <5 67 12 437 23 70 347 24 <5 43025 <5 64 29 <5
.075-.180| 4.1{222 3073 27 245 42621 10 18 87 31 417 23 107 603 33 12 36245 <5 64 43 9
<.075| 5.4{218 3193 39 297 45163 28 19 105 23 477 19 120 709 32 7 326 6 <5 82 48 9
ISL IGHTLY WEATHERED QUARTZ; SLIGHTLY SERITISISED
GREY VLAKLAAGTE POTASH FELDSPAR; SERITISISED
R 1.5 GRANITE. AND KAOL INISED PLAGIOCLASE; 180 1677 10 111 18184 <5 <5 40 10 536 66 70 255 20 20 519 9 <5 45 25 14
BIOTITE CHLORITISED.
.M - MAG, ILM, HEM AND ZR.

Description, mineralogy and trace element
profile 11 on grey Viaklaagte granite.

geochemistry of weathering
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APPENDIX A: (CONTINUED)
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DPARK BROWN, ORGANIC ALMOST ONLY ROUNDED AND SUBANGULAR TOTAL 104 1482 9 89 11179 <5 <5 <5 <5 180 16 45 317 13 8 194120 <5 30 15 <5
RICH, ORTHIC A QUARTZ GRAINS (SLIGHTLY STAINED WITH >2 4.6(134 1422 40 145 40005 14 <5 32 <5 203 18 44 275 14 28 174 27 <5 47 19 8
Ay 0.2 HORIZON WITH WEAKLY IRON OXIDES); NO FELDSPAR AND BIOTITE;.425-2 36.2/110 1295 <5 40 8672 <5 <5 <5 <5 164 13 35 250 12 <5 154 94 <5 41 10 <5
STRUCTURED SOILS. MINOR KAOL INITE AND OTHER CLAY .180-.425047.9{112 1421 <5 42 8822 <5 <5 <5 <5 177 15 38 264 11 <5 180 63 <5 49 10 <5
MINERALS. H.M- GH, HEM, MAG, LM, .075-.180( 7.5[169 2505 12 108 15103 <5 <5 10 <5 247 22 82 613 23 <5 292 68 <5 45 26 <5
CAS, LIM AND ZR. <.075] 3.8/204 3900 15 247 21915 10 <5 16 <5 252 27 136 1123 28 <5 333 49 <5 51 36 12
LTGHT COLOURED, LOOSE KR TOTAT 92 1560 18 61 18797 <5 <5 9 <5 196 16 50 331 14 16 188 20 <5 32 18 <5
SETRUCTURED, HORIZON OF [QUARTZ GRAINS; NO FELDSPAR AND >2 5.8(186 1846 87 154 58383 13 8 56 7 169 13 49 295 16 35 169 7 <5 42 23 9
A2(EJ0.3 MAXIMUM ELUY IATION. BIOTITE; TRACES OF KAOL INITE AND .425-2 42.5(120 1564 10 49 14424 <5 <5 9 <5 183 14 42 273 15 10 177 29 <5 36 15 <5
OTHER CLAY MINERALS. H.M.- GH, MAG, .180-.425(42.5/109 1516 8 19 13401 <5 13 B <5 196 15 44 283 13 <5 152 22 <5 40 15 <5
ILM, LIM AND ZR. .075-.180| 5.1/164 2503 15 72 19940 <5 <5 16 10 250 21 79 571 22 11 249 27 <5 38 28 6
<.075[ 4.1(190 3381 26 130 26447 13 13 19 11 265 22 120 936 25 6 290 <5 <5 51 37 12
FONE MARKED BY QUARTZ MAIHLY ROUNDED AND SUBANGULAR QUARTZ |TOTAL . 155 1541 59 42 47086 17 <5 54 <5 141 10 52 257 13 30 118 14 <5 26 16 <5
PEBBLES, ROCK DEBRIS |PEBBLES; GOETHITE PELLETS; MINOR >2 46.9|222 1184124 184 94391 44 21133 35 81 <5 27 181 13 90 <5 <5 <5 66 19 17
P 0.4 WAND IRON OXIDES. KAOLINITE, ILLITE AND OTHER MIXED .425-2 18.6{109 1522 11 48 16890 <5 <5 6 <5 182 12 4) 258 11 7 173 <5 <5 42 13 <5
LAYERED CLAYS; NO FELDSPAR AND .180-.425]25.6{118 1816 11 25 15330 <5 <5 10 <5 203 13 45 277 14 9 203 31 <5 39 13 <5
BIOTITE. H.M.~ GH, HEM, MAG, ILM, .075-.180] 5.5/176 3138 18 86 27329 10 <5 27 6 275 18 89 626 23 15 273 27 <5 39 29 <5
LIM AND ZR. <.075| 3.4{211 3940 39 147 39575 22 15 40 12 293 19 133 972 27 17 282 <5 <5 60 42 12
ED SOFT PLINTIC B QUARTZ (ANGULUAR AND SUBANGULARY TOTAL 224 2431 33 131 43821 34 20 49 29 351 15 76 431 24 112 301 18 <5 54 41 11
ORIZON WHICH STILL STAINED WITH IRON OXIDES; NO FRESH >2 33.10187 2412 36 130 52731 37 21 51 27 391 12 71 421 23 161 314 <5 <5 64 41 11
B2(RY0.7 PRESERVES THE GRANITIC|FELDSPAR OR BIOTITE; ENRICHED IN .425-2 41,3301 2215 23 115 40214 23 11 39 26 341 10 69 321 22 145 276 25 <5 59 32 9
STRUCTURE. (ZONE OF KAOLINITE, ILLITE AND OTHER CLAY .180-.425]14.8[201 2536 27 119 43621 31 18 44 26 391 13 74 351 22 134 321 25 <5 54 35 <5
ILLUY IATION) ., MINERALS; IRON OXIDES. H.M.- HEM, .075-.180{ 5.8{256 2631 46 133 53861 33 32 65 32 471 15 89 414 23 162 341 20 <5 61 46 9
GH, MAG, ILM, LIM AND ZR. <.075| 5.0[244 2810 45 101 50210 45 35 78 33 454 16 93 371 24 169 382 <5 <5 7) 49 12
HITISH-GREY HORIZON |QUARTZ (ANGULAR AND SUBANGULARY; TOTAL 183 2276 31 126 41964 27 21 40 33 395 15 87 356 24 123 324 18 <5 47 40 11
CONTAINING MUCH CLAY |ALTERED FELDSPAR AND BIOTITE; >2 31.3/1166 2249 34 121 48727 32 21 40 31 431 14 89 325 25 153 344 <5 <5 57 45 15
Bz (0.9 MINERALS. THE GRANITIC[GREYISH MATRIX OF PREDOMINANTLY .425-2 43.1(277 2111 22 104 38123 19 9 31 30 363 13 77 283 23 136 295 31 <5 5f 34 10
+C ISTRUCTURE 1S STILL PRE{JKAOLINITE. H.M. - MAG, ILM, LIM, .180-.425| 13,8181 2376 26 110 41635 27 17 37 30 433 16 86 342 21 123 351 26 <5 49 39 8
SERVED. GH AND ZR. .075-.180| 6.8[233 2457 43 123 50852 29 31 57 36 521 18 103 444 26 146 384 20 <5 54 47 11
<.075| 5.0[220 2632 42 94 49361 39 36 66 37 511 17 110 497 25 153 412 <5 <5 60 S5t 12
[SLIGHTLY WEATHERED QUARTZ; KAOL INISED, SERICITISED ARD
BEDROCK ., HEMATITISED FELDSPARS; CHLORITISED
R 1.8 AND HEMATITISED BIOTITE. H.M.- HEM, 196 1677 7 111 25178 <5 <5 14 11 570 42 136 258 23 222 627 12 <5 40 35 6
MAG AND ZR.

Descriptlon, mineralogy and trace element geochemistry of weathering
profite 12 on aplitic Viakiaagte granite.
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DARK BROWN, ORGANIC ALMOST ONLY ROUNDED AND SUBANGULAR TOTAL 100 1297 27 115 7636 <5 <5 B8 <5 64 12 33 306 11 <5 99104 <5 19 9 <5
RICH, ORTHIC A QUARTZ GRAINS (SLIGHTLY STAINED WITH >2 2.6 NOT ENOUGH SAMPLE
Ay 0.2 HORIZON WITH WEAKLY IRON OXIDES); NO FELDSPAR AND BIOTITE;{.425-2 34.0 75 692 18 72 3880 <5 <5 <5 <5 29 6 11 105 7 <5 48152 <5 18 <5 <5
ISTRUCTURED SOILS. MINOR KAOLINITE AND OTHER CLAY C180-.425|40.5 93 1194 28 59 3267 <5 <5 7 <5 68 10 21 196 11 <5 111 135 <5 17 <5 <5
MINERALS. H.M- MAG, ILM T075-.18014.9177 2277 29 174 9773 <5 <5 6 <5 111 19 71 704 16 <5 188 88 <5 36 17 7
AND ZR. <.075| 7.6188 3964 18 237 8585 6 <5 10 <5 121 29 115 1249 25 <5 336 69 <5 24 28 13
LIGHT COLOURED, LOOSE |[ALMOST ONLY ROUNDED AND SUBANGULAR TOTAL 36 1330 32 106 7365 <5 <5 <5 <5 61 12 37 371 10 <5 94 74 7 27 1} 6
STRUCTURED, HORIZON OF|QUARTZ GRAINS; NO FELDSPAR AND >2 2.60 37 349 40 87 11799 <5 <5 10 <5 20 7 10 96 7 <5 17 <5 <5 28 <5 <5
AZ(EN0.3 MAXIMUM ELUYIATION. BIOTITE; TRACES OF KAOLINITE AND .425-2 39.7] 32 507 20 42 592 <5 <5 <5 <5 23 4 B 90 6 <5 26 103 <5 15 <5 <5
ITHE SOIL 1S SAMDY. OTHER CLAY MINERALS. H.M.- MAG, .180-.425139.7 64 1628 27 79 4512 <5 <5 <5 <5 67 9 27 257 10 <5 103112 <5 15 <5 <5
ILM AND ZR. .075-.180[12.7] 73 2470 31 119 3999 <5 <5 <5 <5 104 15 76 770 17 <5 180 117 <5 25 14 7
<.075| 5.3 81 3659 15 167 5598 <5 <5 <5 <5 117 24 111 1211 24 <5 228 46 <5 25 26 14
A LAYER OF MATNLY ROUNDED AND SUBANGULUAR QUARTZ OTAL 27 1447 235 97 5895 <5 <5 <5 <5 67 11 34 333 11 <5 179 18 <5 23 7 <5
ALMOST PURE GRAINS; MINOR IRON OXIDES; MINOR >2 3.1 36 353 40 61 8895 <5 <5 <5 <5 21 8 11 97 7 <5 30 <5 <533 6 6
SANDY0.5 [SAND. KAOL INITE, ILLITE AND OTHER MIXED .425-2 35.4/ 33 437 21 60 3055 <5 <5 <5 <5 21 5 8 79 6 <5 14113 <5 15 <5 <5
LAYE LAYERED CLAYS; NO FELDSPAR AND 180-.425|37.8 44 1509 24 57 1596 <5 <5 <5 <5 62 8 24 217 9 <5 85129 <5 21 <5 <5
BIOTITE. H.M.- MAG, ILM C075-.18012.9 65 2793 22 129 5139 <5 <5 <5 <5 105 16 78 766 19 <5 183 95 <5 3216 8
AND ZR. <.075010.8 62 4091 14 167 2420 <5 <5 <5 >5 114 23 113 1251 25 <5 242 41 <3 33 23 12
A BLACK CONSOL IDATED, |ALMOST ONLY CLAY RINERALS
DRGANIC RICH, CLAY (MAINLY KAOL INITE);
CLAY j0.6 [BAND. FINE QUARTZ GRAINS ARE 54 2560 19 S1 8576 <5 <5 21 <5 123 13 43 348 15 <5 183 110 <5 19 9 <5
BAND ALSO PRESENT.
H.M.- MAG, ILM AND ZR.

Description, alneralogy and trace element geochemistry of weathering
profile 13. The nature of the underiyling rocks

Is unknown.
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DARK BROWN, ORGANIC ALMOST OHLY ROUNDED AHD SUBANGULAR TOTAL 155 1474 20 187 15781 <5 <5 34 6 102 12 56 343 14 <5 108267 <5 39 16 <5
RICH, ORTHIC A QUARTZ GRAINS {(SLIGHTLY STAINED VWITH >2 3.8[159 1668 24 191 17042 <5 <5 41 <5 106 12 58 382 13 <5 129174 <5 61 16 <5
Ay 0.15 [HORIZON WITH WEAKLY IRON OXIDES); HO FELDSPAR AND BIOTITE j.425-2 49.8/169 1310 12 143 13200 <5 <5 26 <5 79 8 35 226 11 <5 74227 <5 41 9 <5
STRUCTURED SOILS. HIHOR KAOLINITE AHD OTHER CLAY .180-.425 |33.9j203 1786 17 175 13862 <5 <5 35 <5 114 10 47 284 1§ <5 128211 <5 49 10 <5
MINERALS. H.M- GH, HEM, MAG, ILM, .075-.180 | 8.3|328 2802 24 327 26500 <5 11 59 14 138 17 89 643 20 <5 175244 <5 44 26 9
LIM AND ZR. <.075| 4.2{399 4503 37 513 32258 19 13 89 14 177 23 146 1166 29 <5 275 88 <5 63 40 14
TGAT COLOURED, LOOSE (ALTIOST ONLY ROUNDED AWD SUBARGUUAR TOTAL 1527677 16 134 14317 <5 <5 40 <5 101 9 52 328 t2 <5 101138 <5 37 11 <5
STRUCTURED, HORIZON OF|QUARTZ GRAINS; HO FELDSPAR AND >2 3.2[185 2082 27 140 22618 <5 <5 55 14 123 12 64 404 16 <5 101 95 <5 51 21 8
A2(E10.3 PAXIMUM ELUVIATION. BIOTITE; TRACES OF KAOLINITE AND .425-2 55.2|]151 1585 10 86 11977 <5 <5 37 <5 83 6 38 242 11 <5 87104 <5 41 7 <5
OTHER CLAY MIHERALS. H.M.- GH, MAG, .180-.425 {36.0/168 1894 17 138 17526 <5 <5 44 10 121 11 54 314 12 <5 117107 <5 50 14 <5
14, LI AND ZR. .075-.180 | 1.31263 3137 20 156 25477 <5 <5 77 8 142 11 90 644 19 <5 166149 <5 49 21 <5
<.075] 4.3308 4333 49 257 39009 19 23 106 28 192 17 142 1060 29 <5 227 76 <5 56 42 13
BROWN WEAKLY HATNLY ROUNDED AND SUBANGULAR QUARTZ [TOTAL 179 2095 31 91 23411 6 <3 63 18 125 11 65 393 17 <5 106245 <5 38 20
STRUCTURED GRAINS ; MINOR IRON OXIDES; MINOR >2 9.3190 2528 30 89 24412 6 <5 76 9 131 9 65 415 15 <5 143110 <5 62 20 <5
A3 0.5 |[SOILS. KAOLINITE, ILLITE AHND OTHER MIXED .425-2 41.5(172 1895 15 91 19665 <5 <5 49 11 97 7 41 256 12 <5 89168 <5 48 11 <5
LAYERED CLAYS; NO FELDSPAR AND .180-.425 134.4{229 2763 24 116 26319 <5 <5 81 12 139 8 65 359 14 <5 154239 <5 50 13 <5
BIOTITE., H.M.- GH, HEM, MAG, ILM, .075-.180{ 9.2/269 3633 46 169 38674 14 19 101 31 174 13 98 705 23 <5 169293 <5 59 31 8
L1 AND ZR. <.075] 5.6|274 4440 59 168 46139 31 23 154 33 216 14 118 836 29 <5 203 92 <5 65 40 9
REDDISH - BROWN QUARTZ (ROUNDED AND SUBANGULAR) TOTAL 200 2381 34 98 25311 8 7 77 18 131 10 71 401 16 <5 110150 <5 42 20 6
EAKLY STRUCTURED STAINED ¥WITH IRON OXIDES; NO FRESH >2 7.020V 2723 34 83 28465 6 <5 83 11 137 9 67 399 17 <5 138 99 <5 63 21 <5
B8y 0.7 {soOILS. FELDSPAR OR BIOTITE; .425-2 47,1189 1985 25 94 21521 <5 <5 57 13 104 6 45 266 12 <5 83 85 <5 47 13 <5
KAOLINITE, tLLITE AND OTHER CLAY L180-.425 (33,4235 2865 27 121 27512 <5 <5 91 15 145 8 69 371 15 <5 146161 <5 53 13 <5
HINERALS; IRON OXIDES. H.M.~ HEM, L075-.180 | 7.4/271 3821 51 176 41212 15 25 113 34 181 11 101 698 22 <5 151172 <5 62 33 9
GH, MAG, LM, LIM AHD ZR. <.075] 5.11276 4421 63 177 49621 31 3t 165 37 222 12 119 801 29 <5 198 77 <5 61 42 10
MEDDISH APEDAL QUARTZ (ROUNDED AND SUBANGULAR); TOTAL 223 2955 37 103 33475 10 9 106 19 142 8 71 416 17 <5 125 68 <5 46 21 <5
B HORIZON. HO FELDSPAR AHD BIOTITE; >2 11.8/265 2696 48 154 41808 9 23 105 31 128 9 65 360 18 <5 124 8! <5 61 24 6
B2(TJ1 1 (ZONE OF KAOL INITE AHD OTHER MIXED LAYERED .425-2 42.2/168 2063 26 68 23691 7 <5 74 B 105 5 46 266 t1 <5 89 63 <5 51 1} <5
ILLUYIATION) CLAY VIHERALS. H.M. - HAG, ILM, LIM, .180-.425 |29.2[249 3250 41 118 39979 13 15 106 30 168 10 B2 426 20 <5 137108 <5 57 271 5
GH, HENK AND ZR. .075-.180[10.9|272 3965 60 140 48637 28 25 158 35 200 10 107 689 24 <5 166 51 <5 65 35 17
<,075) 5.91277 4264 71 173 56273 31 47 169 59 228 12 113 673 30 <5 171 56 <5 56 46 11
HORI1ZON HARKED BY HAI}LY ROUNDED AND SUBANGULAR TOTAL 296 4550 70 183 55217 29 36 166 23 217 13 120 791 33 <5156 105 <5 55 46 11
ROUNDED QUARTZ QUARTZ PEBELES AHD GRAINS STAINED >2 81.2] 43 1257 145 99102811 60 34 349 <5 S$7 5 53 302 15 <5 <5 13 <5 79 35 38
P 1.5 PEBBLES AND GOET- WiITH IRON OXIDES; GOETHITE PELLETS; .425-2 8.7|1236 2155 44 120 36622 7 8 95 23 102 8 52 303 15 <5 82197 <5 48 19 <5
HITE PELLETS. HINOR CLAY HINERALS; HO FELDSPAR .180-.425( 3.3289 3253 49 148 40863 22 21 131 25 172 V1 95 526 23 <5 175190 <5 61 31 <5
AND BIOTITE. H.H. - GH, HEM, .075-.180 }.j289 4149 63 180 50725 20 29 143 41 193 12 108 720 29 <5 159100 <5 59 40 10
HAG, CAS, ILM AND ZR, <.075| 2.91294 2254 133 130 76950 23 13 170 <5 87 7 58 336 13 <5 7t 12 <5 65 12 18
BROWN HORIZON HATHLY QUARTZ; TOTAL 109 1386 25 79 18243 7 10 79 15 189 7 59 273 11 <5 157104 <5 19 19 <5
OF HIGHLY ALTERED FELDSPAR >2 61.3] 89 1134 11 45 13897 <5 <5 69 <5 81 <5 32 167 10 <5 75 94 <5 29 13 <5
C 2.5 MEATHERED BEDROCK. AND BIOTITE; H.M - MAG, ILM, .425-2 15.4/153 2064 14 78 22438 9 <5 82 15 109 5 53 301 13 <5 87121 <5 37 21 <5
(UNCOMSOL IDATED) . HEM AND ZR. .180-.425| 7.6[201 2951 29 117 35210 ¥15 7 95 29 157 7 87 501 18 <5 146176 <5 34 33 <5
.075-.180] 9.8]1224 2621 36 121 40121 21 10 122 24 171 9 109 619 19 <5 189123 <5 39 38 6
* <.075| 5.7229 3151 45 162 45212 35 19 144 32 215 10 115 821 19 <5 183 76 <5 43 41 17

Description, mineralogy and trace elemont geochemistry of weathering
protile 14 on altered Makhutso Granite -very close to the contact
with the Viaklaagte granite.
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DARK BROWH, ORGANIC ALMOST ONLY ROUNDED AND SUBANGULAR TOTAL 193 1377 13 58 11889 <5 <5 36 8 99 11 62 370 15 <5 80 272 <5 32 16 <5
RICH, ORTHIC A QUARTZ GRAINS (SLIGHTLY STAINED WITH >2 2.3 99 1257 39 63 21681 10 9 44 <5 109 22 60 368 19 12 121 109 21 66 38 32
Ay 0.3 HORIZON WITH WEAKLY IROH OXIDES); NO FELDSPAR AND BIOTITE.425-2 46.2|135 1377 13 55 10491 <5 <5 33 6 87 10 54 297 13 <5 69 155 <5 43 12 <5
ISTRUCTURED SOILS. MINOR KAOL INITE AHD OTHER CLAY _180-.425(37.8/148 1497 9 45 0092 <5 <5 40 <5 102 9 56 317 12 <5 100 228 <5 38 11 <5
MINERALS. H.M- GH, HEM, MAG, (LN, .075-.180| 9.7/]200 2156 16 89 15385 <5 <5 43 9 120 14 103 696 18 <5 135 193 <5 48 22 7
CAS, LIM AND ZR. <.075| 4.0{305 3893 22 178 23080 14 6 97 16 162 20 157 1316 29 <5 2314 148 <5 53 38 16
TGHT COLOURED, LOOSE |ALNOST OHLY ROUNDED AND SUBAHNGULAR TOTAL 726 1656 19 37 15806 6 <5 69 7 115 9 69 414 16 <5 96 210 <5 33 16 <5
STRUCTURED, HORIZON OAQUARTZ GRAINS; HO FELDSPAR AND >2 4.51122 1497 20 42 17904 <5 <5 56 12 96 10 55 346 14 <5 7TJ0 159 <5 45 17 6
AZ(E}0.5 MAXINUN ELUVIATION. BIOTITE; TRACES OF KAOLINITE AND .425~2 38.00130 1617 13 28 12589 <5 <5 56 <5 94 6 47 306 12 <5 70 135 <5 37 11 <5
OTHER CLAY MINERALS. H.M.- GH, MAG, L 180-.425[42.2(170 1976 18 68 20282 <5 B8 69 17 128 11 64 363 16 <5 112 195 <5 51 1B <5
ILM, CAS, LIM AND ZR. .075-.180| 8.4{226 3054 25 81 26577 11 15 107 17 154 13 106 777 22 <5 152 150 <5 51 29 9
<.075| 6.9/279 4432 45 156 43362 21 34 152 45 218 18 146 1047 33 <5 192 95 <5 59 48 18
FOWIT WEAKLY PATHLY ROUNDED AND SUBANGULAR QUARTZ |[TOTAL 165 2036 22 710 21689 9 7 714 20 126 11 68 429 18 <5 106 158 <5 43 23 6
ISTRUCTURED GRAINS ; MINOR JRON OXIDES; MINOR >2 8.5/148 2096 20 42 20282 7 <5 88 14 117 8 61 405 17 <5 95 112 <5 45 16 <5
A3z 0.6 [SOILS. KAOLIHITE, ILLITE AND OTHER MIXED .425-2 43.50148 1797 16 62 19583 <5 16 65 16 106 9 52 321 14 <5 B6 118 <5 48 16 <5
LAYERED CLAYS; NO FELDSPAR AND .180-.425027.21192 2336 18 54 22380 8 <5 96 16 135 9 65 397 16 <5 128.151 <5 49 19 <5
BIOTITE. H.M.- GH, HEM, MAG, ILM, .075-.180]13.5/235 3294 37 119 35669 15 19 118 35 175 15 110 788 25 <5 150 122 <5 55 36 12
CAS, LiM ANHD ZR. <,075! 7.3/240 4013 S1 141 44761 31 32 180 40 222 15 128 914 29 <5 190 57 <5 67 45 15
REDDISit - BROWH QUARTZ (ROUNDED AND SUBANGULAR) TOTAL 169 2740 22 69 22481 8 § B6 20 127 10 70 450 I8 <5 114 163 <5 45 23 ©
JEAKLY STRUCTURED STAIHED WITH IRON OXIDES; NO FRESH >2 10.5/170 2176 21 43 21342 6 7 94 17 113 9 65 436 16 <5 97 117 <5 47 18 <5
T 0.7 |[SOILS. FELDSPAR OR BIOTITE; .425-2 43.5/170 1830 17 57 19982 <5 20 72 19 111 9 57 357 15 <5 91 123 <5 48 21 <5
KAOLINITE, ILLITE AHD OTHER CLAY .180-.425(25.2[200 2476 20 56 23456 7 13 105 21 142 8 71 423 13 <3 135 172 <5 53 21 <5
MINERALS; IRON OXIDES. H.M.- HEM, L075-.180|12.5(250 3391 41 114 36230 17 22 127 41 162 16 121 824 27 <5 156 133 <5 61 40 11
GH, MAG, IL!, CAS, LIM AND ZR. <.075] 8.5/271 4213 54 152 46721 27 36 192 49 231 17 137 923 32 <5 201 98 <5 73 49 14
REDDISH APEDAL B QUARTZ (ROUNDED AND SUBANGULAR); TOTAL 170 2336 23 68 23989 10 14 104 18 131 9 75 491 18 <5 110 175 <5 49 22 <5
HORIZOH. GRADIHG MO FELDSPAR AND BIOTITE; >2 17.9(205 2336 30 104 28535 6 41 88 23 115 11 65 420 17 <5 99 111 <5 49 23 8
B2(T10.95 PCCUR (NTO THE KAOL INITE AND OTHER MIXED LAYERED .425-2 36.90157 1916 15 48 18184 6 <5 75 9 96 7 50 330 13 <5 90 141 <5 47 13 <5
FPEBGLE LAYER. CLAY MINERALS., H.M. - MAG, ILM, LM, |.180-.425|25.5/218 2695 25 96 29374 9 24 101 29 151 12 78 461 20 <5 132 204 <5 47 25 6
(ZOlIE OF GH, CAS, HEM AND ZR. .075-.180/10.9(257 3773 32 104 35669 20 18 142 28 174 12 108 824 26 <5 169 128 <5 56 33 &
tLLUVIATION) <.075] 8.8/292 4312 54 156 48258 27 38 165 51 217 15 131 930 31 <5 184 72 <5 71 46 14
HOR1Z0OH HARKED BY HAITNLY ROUNDED AND SUBANGULAR TOTAL 251 2216 78 267 58749 21 17 152 18 110 9 70 436 21 <5 1081235 <5 B3 2217
ROUNDED QUARTZ QUARTZ PEBBLES AND GRAINS STAINED >2 48.9|235 1713115 186 91219 31 27 256 ¥4 713 5 45 270 14 <5 8 731 <5 68 22 17
P 1.2 PEBBLES GOETHITE WITH IRON OXIDES; GOETHITE PELLETS; .425-2 26 .6/178 2276 29 104 29374 <5 6 92 20 118 9 66 409 16 <5 1001570 <5 56 19 <5
PELLETS AMD ROCK HINOR CLAY MINERALS; NO FELDSPAR .180-.425{13.8{222 3174 32 89 32172 15 15 131 24 163 1} 94 572 21 <5 1591051 <5 59 28 5
DEBRIS. AND BIOTITE. H.M. - GH, HEM, .075-.180] 5.9/248 3713 37 126 37767 18 22 120 31 176 14 120 864 27 <5 179 751 <5 61 39 12
MAG, CAS, ILM AND ZR, <.075| 4.8/270 4492 49 148 47559 35 30 192 40 206 13 -131 920 30 <5 185 473 <5 68 43 11
TGHLY WERTHERED HATHLY QUARTZ;
GRE1SEN, ALTERED BIOTITE AND
R 1.2 NUSCOVITE(MAINLY SERICITE); 102 1072 27 119 3357t 8 10 91 <5 920 78 78 193 19 <5 7961219 <5280 65 <5
KAOL INITE; CAS, HEM AND ZR
AHD MAG.

Description, mlneralogy and trace element geochemlstry of

profile 15 on greisen.

weathering
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= HEY = |p T ¥V Mn Fe Co NI Cu Zn Rb Sr Y Zr Nb Mo Ba Sn W PbTh U
DARK BROWN, ORGANIC |ALMOST ONLY ROUNDED AND SUBANGULAR TOTAL 151 1914 14 70 15307 5 <5 67 <5 132 9 67 381 15 <5 137 149 <5 23 12 <5
RICH, ORTRIC A QUARTZ GRAINS (SLIGHTLY STAINED WITH >2 3.6/188 2400 21 71 23575 B <5 100 <5 162 9 75 464 17 <5 141 169 <5 47 14 <5
Ay |0.15 HORIZOH WITH WEAKLY JRON OXIDES); NO FELDSPAR AND BIOTITER.425-2 46.9/154 1746 6 58 13254 <5 <5 57 <5 110 7 47 310 12 <5 116 179 <5 37 7 <5
STRUCTURED SOILS. HINOR KAOL INITE AND OTHER CLAY .180-.425|37.8/194 2319 9 65 16903 <5 <5 76 <5 157 11 59 333 15 <5 178 175 <5 35 10 <5
MINERALS. H.M- GH, HEM, MAG, ILM, .075-.180] 7.5/210 2733 7 84 19079 7 <5 85 <5 153 12 93 617 20 <5 172177 <5 29 18 <5
LIH AND ZR. <.075| 4.21272 4545 24 161 36243 22 13 165 22 209 17 161 1209 32 <5 226 13 <5 34 4]
LTGHT COLOURED, LOOSE [ALMOST ONLY ROUNDED AND SUBANGULAR TOTAL 746 1620 17 87 19360 <5 <5 60 <5 135 11 61 380 15 <5 133230 <5 19 10 <5
STRUCTURED, HORIZON OFQUARTZ GRAINS; NO FELDSPAR AND >2 5.21175 2161 16 60 20535 7 <5 75 11 139 11 69 419 18 <5 137 166 <5 37 16 <5
A2(E10.25 MAXIMUMN ELUYIATION. BIOTITE; TRACES OF KAOLINITE AND .425-2 42.ﬂ|65 1926 7 43 15612 5 <5 62 9 111 8 48 290 14 <5 112155 <5 34 9 <5
OTHER CLAY MINERALS. H.M.- GH, MAG, .180-.425042.8[191 2344 11 58 19940 <5 <5 74 12 159 12 69 350 16 <5 168 198 <5 37 15 <5
ILM, LIM AHD ZR. .075-.180| 5.91220 2874 22 87 25028 7 <5 89 16 165 14 106 694 21 <5 183 141 <5 34 24 <5
<.075| 3.3|258 4146 30 166 37227 18 16 138 24 203 17 156 1160 30 <5 212 74 <5 43 34 10
IBROWN WEAKLY HWATHLY ROUNDED AND SUBANGULAR QUARTZ [TOTAL 164 2574 135 31 19865 B <5 98 7 138 B8 54 367 16 <5 142188 <5 19 12 <5
- |STRUCTURED GRAINS ; MINOR IRON OXIDES; MINOR >2 4.6]150 2055 22 46 24045 7 <5 97 <5 125 8 62 391 16 <5 120181 <5 35 13 <5
A3 0.4 [SOILS. KAOL INITE, ILLITE AND OTHER HIXED .425-2 43.4(143 1906 B8 19 14463 <5 <5 69 <5 106 6 45 278 13 <5 106 161 <5 31 6 <5
LAYERED CLAYS; NO FELDSPAR AND .180-.425|40.4/875 2421 10 38 20055 6 <5 92 5 164 10 60 359 16 <5 191 165 <5 39 13 <5
BIOTIVE. H.M.- GH, HEM, MAG, ILM, .075-.180| 7.3|213 3372 10 63 27501 12 <5 128 12 171 11 111 752 23 <5 182132 <5 27 25 <5
LIM AND ZR. <.075] 4.3|239 4190 35 120 38854 25 14 174 21 208 14 141 1054 29 <5 212 59 <5 34 38 10
REDDISH - BROWN QUARTZ (ROUNDED AND SUBANGUUAR) TOTAL 217 3169 27 95 52543 14 5 127 26 167 10 81 505 21 <5 160 V46 <5 29 23 <5
MEAKLY STRUCTURED STAINED WiTH IRON OXIDES; NO FRESH >2 9.71198 2927 23 104 31947 9 <5 109 16 150 9 77 495 18 <5 134 71 <5 48 21 <5
By 1.0 lsorcs. FELDSPAR OR BIOTITE; .425-2 39,5181 2234 15 70 23484 <5.<5 B5 13 117 7 57 319 14 <5 104145 <5 35 13 <5
KAOLINITE, ILLITE AND OTHER CLAY .180-.425031.3]228 3399 22 79 34043 12 7 135 27 189 11 B84 490 23 <5 188137 <5 37 26 <5
MINERALS; IRON OXIDES. H.M.- HEM, .075-.180[12.2(249 3931 31 126 40317 19 17 148 28 200 12 120 831 27 <5 191 84 <5 42 33 6
GH, MAG, LM, LIM AND ZR. <,075| 7.3]249 4257 50 131 47900 29 28 186 39 221 12 134 886 31 <5 186 55 <5 45 41 9
REDD(SH APEDAL QUARTZ (ROUNDED AND SUBARGUUART; TOTAL T80 2951 16 82 27770 14 <5 134 10 144 7 84 500 19 <5 121 98 <5 25 19 <5
B HORIZON. HO FELDSPAR AND BIOTITE; >2 18.3/1169 2328 26 55 30374 7 <5 110 5 93 5 53 324 16 <5 76 47 <5 35 12 <5
Bo(TY1.7 [(ZONE OF KAOL INITE AND OTHER MIXED LAYERED .425-2 34.5(176 2807 14 66 24116 11 <5 121 9 128 6 61 372 t8 <5 122108 <5 39 13 <5
ILLUVIATION) CLAY HINERALS. H.M. - MAG, ILM, LIM, |[.180-.425|29.4/217 3845 20 114 36124 20 <5 170 18 198 10 100 590 25 <5 186 141 <5 33 28 <5
GH, HEM AND ZR. .075-.180{10.2220 3982 36 152 40207 22 7 166 12 198 10 112 789 26 <5 181 58 <5 48 30 <5
<,075| 7.61223 4582 34 165 45395 31 19 218 29 219 11 147 964 33 <5 175 66 <5 43 42 1
ORI1Z0H MARKED BY MATNLY ROUNDED AND SUBANGULAR TOTAL T98 2735 38 156 36334 12 <5 123 14 154 8 15 546 19 <5 112113 <5 34 20 <5
ROUNDED QUARTZ QUARTZ PEBBLES AHD GRAINS STAINED >2 41.8218 1665 77 126 59984 6 <5 112 <5 57 7 38 345 11 <5 47537 <5 47 11 6
P 2.4 PEBBLES AND GOET- YITH tRON OXIDES; GOETHITE PELLETS; .425-2 28.9194 2853 22 118 31360 11 <5 119 17 148 9 74 524 20 <5 140177 <S5 47 20 <5
HITE PELLETS. 1MIHOR CLAY MINERALS; NO FELDSPAR .180-.425{13.6/223 2175 31 180 41991 17 12 158 24 212 12 109 692 27 <5 181 105 <5 48 33 <5
(GRADING OCCUR AHD BIOTITE. H.M. - GH, HEM, .075-.180] 8.8/224 3962 31 196 42036 18 14 157 25 199 12 125 909 28 <5 184 95 <5 51 37 1
INTO THE B, HORIZON) [MAG, CAS, ILM AND ZR, <.075| 6.99227 4383 49 244 49802 23 26 177 26 226 12 148 1045 31 <5 191 35 <5 62 46 10
[BROWN HORTZON TATNLY QUARTZ; OTAL TB8 2Z9V5 39 143 32143 12 7 98 21 225 19 B84 402 24 <5 257 45 <5 63 31 7
JoF HIGHLY ALTERED FELDSPAR >2 32.1(210 2671 80 122 49282 7 6 101 13 183 14 63 376 22 <5 231 79 <5 98 26 6
c 2.5 [WEATHERED BEDROCK. AND BIOTITE; H.M - MAG, ILN, .425-2 41.3{192 2653 25 101 29260 11 <5 116 15 234 18 69 327 23 <5 331131 <5 67 26 <5
(UNCONSOL IDATED) . HEM AND ZR. .180-.425|14.8219 3089 34 176 35243 15 8 163 13 256 19 67 367 24 <5 351 101 <5 61 27 <5
.075-.180]| 6.8216 3974 32 196 36921 17 12 159 29 289 21 98 590 31 <5 301 98 <5 62 39 9
<.075| 7.00221 4083 48 247 41562 21 18 186 25 273 17 101 634 32 <5 298 76 <5 78 45 11

Description, mlneralogy and ¥race element geochemistry of weathering

profile

to the contact with the Makhutso Granlte.

16 on slightly altered Viaklaagte granite -very close
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APPENDIX A: (CONT INUED)
1> .
e JS<% GRAIN
~z |2~ SI1ZE -
&R |~ 2 wpeESCRIPTION HINERALOGY (mm) . = GEOCHEM{CAL DATA (PPH)
E_ xms o
@ =~ =
<O loax w
wT g;ns = |P Ti ¥ Mn Fe Co Ni Cu Zn Rb Sr Y Zr Hb Mo BaSn W Pb Th U
DARK BROWN, ORGANIC ALMOST OMLY ROUNDED AND SUBANGULAR TOTAL 162 1824 15 65 13107 5 <5 38 <5 70 8 63 361 12 <5 9174 <5 20 11 <5
RICH, ORTHIC A QUARTZ GRAINS (SLIGHTLY STAINED WITH >2 2.6]144 2217 20 70 19603 7 <5 50 <5 81 7 72 452 15 <5 101 73 <5 37 15 <5
Ay 0.2 HORIZON WITH WEAKLY JRON OXIDES); NO FELDSPAR AND BIOTITE;{.425-2 45.8/167 1820 B8 63 11657 <5 <5 27 <5 66 7 45 325 11 <5 8778 <5 31 8 <5
ISTRUCTURED SOILS. MINOR KAOL INITE AND OTHER CLAY .180-.425|37.9/204 2220 9 69 17538 <5 <5 40 <5 82 10 52 349 14 <5 13079 <5 31 11 <5
MINERALS. H.M- GH, HEM, MAG, ILM, .075-,180( 8.2{230 2621 B8 79 19572 6 <5 55 <5 98 10 89 625 18 <5 12782 <5 27 18 <5
LIM AND ZR. <.075| 5.5/302 4267 21 131 26561 15 6 80 7 140 15 158 1195 28 <5 18140 <5 32 39 <5
LTGHT COLOURED, LOOSE UCAR UTAC 156 1617 16 61 12237 <5 <5 30 <5 72 9 69 356 14 <5 8159 <53 17 9 7
STRUCTURED, HORIZON OF|QUARTZ GRAINS; NO FELDSPAR AND : >2 4.8/151 2176 19 70 17512 6 <5 35 7 66 8 71 449 17 <5 9463 <5 35 17 <5
A2(E]0.35 MAXINUM ELUY IATION. BIOTITE; TRACES OF KAOLIKITE AND .425-2 41.31171 1917 7 51 10513 <5 <5 30 6 59 7 53 310 13 <5 8638 <5 30 10 <5
OTHER CLAY MINERALS. H.M.- GH, MAG, .180-.425[42.9195 2243 10 52 15321 <5 <5 40 7 89 11 74 366 15 <5 12478 <5 33 14 <5
ILM, LIM AND ZR. .075-.180] 6.8/205 2816 20 71 17567 <5 <5 59 8 102 12 112 692 20 <5 146 49 <5 30 21 <5
<.075| 4.2/265 4019 27 145 21583 14 B 72 18 151 15 167 1175 30 <5 1824} <5 37 30 8
ROWN WEAKLY HAINLY ROUNDED AND SUBANGUUAR QUARTZ [TOTAL 161 2271 14 46 17215 1 <5 42 <5 1716 9 173 336 15 <5 101 76 <O T8 10 <5
TRUCTURED GRAINS ; MINOR IRON OXIDES; MINOR >2 4.4/155 1937 23 45 21316 <5 <5 S5t 6 69 9 79 362 15 <5 8469 <5 37 14 <5
A5 0.5 [sOILsS. KAOLINITE, ILLITE AND OTHER MIXED .425-2 42.30161 1917 B8 30 15823 <5 <5 47 5 62 8 62 254 13 <5 7563 <529 7 <5
LAYERED CLAYS; HO FELDSPAR AND L180-.425139.6/172 2318 9 41 19563 6 <5 48 7 91 12 81 312 15 <5 14258 <5 31 10 <5
BIOTITE. H.M.- GH, HEM, MAG, ILM, .075-.180| 8.4/210 3267 11 67 26538 9 <5 61 9 107 14 119 702 21 <5 14162 <5 35 2} <5
LIM AHD ZR. <.075| 5.3/239 4096 31 111 35693 21 10 91 20 166 17 171 1076 29 <5 186 39 <5 41 39 9
REDDISH - DBROWN QUARTZ (ROUNDED ARD SUBANGULAR) OTAT 175 2546 24 61 23578 11 <5 61 6 81 B8 79 317 20 <5 12652 <5 21 21 <5
MEAKLY STRUCTURED STAY{NED WITH IRON OXIDES; NO FRESH >2 9.5(161. 1917 29 84 21542 7 <5 52 8 76 8 13 313 20 <5 9245 <5 4) 22 <5
B4 0.9 [SOILS. FELDSPAR OR BIOTITE; .425-2 40.3]171 2015 11 71 23718 <5 <5 S4 1 66 1 54 278 16 <5 7439 <5 33 14 <5
KAOLINITE, ILLITE AND OTHER CLAY .180-.425[30.7{185 2378 14 81 34586 6 <5 62 11 93 10 89 402 2t <5 148 42 <5 34 25 <5
MINERALS; IRON OXIDES. H.M.- HEM, L075-.180{11.3205 3156 25 120 38672 14 9 73 17 120 11 119 721 24 <5 15648 <5 41 32 6
GH, MAG, ILM, LIM AHD ZR. <.075] 8.2|236 4158 32 129 41238 22 19 101 22 170 15 130 956 30 <5 177 34 <5 47 40 7
REDDISH APEDAL B QUARTZ (ROUNDED AND SUBANGULART; OTAT 167 26864 15 74 28345 12 <5 62 7 82 71 18 425 19 <5 133 38 <5 21720 <5
HORIZON. GRADING MO FELDSPAR AND BIOTITE; >2 17.4/154 2024 24 60 26918 7 <5 78 7 19 T 69 312 18 <5 101 52 <5 39 11 <5
B2(T]1.7 [CCUR INTO THE KAOLINITE AND OTHER MIXED LAYERED .425-2 35.51176 2631 12 63 22454 6 <5 64 6 71 6 49 361 15 <5 9443 <53 31 14 <5
PEBBLE LAYER. CLAY MINERALS. H.M. - MAG, ILM, LIM, |.180-.425]30.3]189 3642 15 91 34916 14 6 73 B8 99 9 81 567 24 <5 14751 <5 35 27 <5
(ZONE OF GH, HEM AND ZR. L075-.180{ 9.6/220 3781 21 130 40443 19 1% 91 17 124 11 114 758 25 <5 16660 <5 41 28 <5
ILLUY IATION) <,075| 7.20221 4352 35 151 44512 29 21 127 24 181 14 130 898 30 <5 18540 <5 48 43 6
IOR1ZON MARKED BY MATHLY ROUNDED AND SUBANGUUAR TOVAU 190 2647 32 11T 36021 1T <5 468 12 14 7 69 466 19 <5 9493 <5 V9 21 7
ROUNDED QUARTZ QUARTZ PEBBLES AND GRAINS STAINED >2 39.7(201 2153 47 97 48712 6 <5 51 7 69 6 41 325 12 <5° 3861 <5 34 12 <5
P 2.4 PEBBLES AND WITH {RON OXIDES; GOETHITE PELLETS; .425-2 29.9(187 2481 19 110 29583 12 <5 61 6 68 6 61 516 21 <5 9862 <5 31 16 <5
GOETHITE PELLETS. MEINOR CLAY MINERALS; NO FELDSPAR .180-.425|14.9]231 3467 25 131 39516 16 7 62 11 89 9 101 691 26 <5 11053 <5 30 25 <5
GRADING OCCUR INTO AND BIOTITE. H.M. - GH, HEM, .075-.180] 8.5/230 3623 33 186 42931 17 13 79 17 109 10 121 925 29 <5 13759 <5 36 29 17
THE B, HORJIZON. MAG, CAS, ILM AMD ZR, <.075| 6.81225 4152 47 231 48721 24 24 101 18 164 12 141 1010 30 <5 15243 <5 41 45 11
ROWN HORIZON MATHLY QUARTZ (ROUNDED AND TOTAL 163 23617 29 68 36076 11 <5 60 B 72 7 68 338 15 <5 9831 <o 19710 <5
F WEAKLY SUBAHGULAR); NO FELDSPAR >2 8.6) 84 2148 41 79 41517 7 <5 15 7 71 6 38 341 17 <5 9448 <5 35 15 <5
PAL-{2.7 [STRUCTURED SOILS. OR BIOTITE; KAOLINITE AND .425-2 38.71172 2219 28 83 28756 13 <5 69 7 69 71 58 267 14 <5 8241 <5 31 8 <5
COL MIXED LAYERED CLAY MINERALS; .180-.,425|31.2193 2986 29 109 40196 17 6 75 10 81 B 97 308 16 <5 12847 <5 34 11 <5
IRON OXIDES. .075-.180]12.5/207 3148 34 154 44512 19 9 101 15 104 10 114 717 20 <5 13139 <5 35 22 1
H.M, - MAG, ILM, HEM AND ZR. <.075| 9.00211 3565 42 191 51761 22 22 116 20 157 13 137 1036 28 <5 17445 <5 36 37 11

Description, mineralogy and trace element geochemistry of weathering

protile 17.

{Nature ot underlylng rocks unknown).
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APPENDIX A: (CONTINUED)
>
o |S<E GRAIN
Z, lo2” S1ZE =
=& [~ 3w[DESCRIPTION MINERALOGY (mm) . - GEOCHEMICAL DATA (PPM)
£ |xad &
e |k N —
< O o o w
wxr |jwwu = |P Ti Mn Fe Co NI Zn Rb Sr Y Zr Nb Mo BaSn Pb Th U
x= axo
DARK BROWN, ORGAMIC ALMOST ONLY ROUNDED AND SUBANGULAR TOTAL 101 1213 96 10337 <5 <5 <5 9t 9 53 351 11 <5 55187 23 19 <5
RICH, ORTHIC A QUARTZ GRAINS (SLIGHTLY STAIMED WITH >2 39 442 87 7884 <5 <5 <5 107 5 24 140 7 <5 37 98 36 7 <5
A 0 HORIZON WITH WEAKLY IRON OXIDES); NO FELDSPAR AND BIOTITE;[.425-2 109 1277 76 8043 <5 <5 <5 79 6 41 286 9 <5 52133 32 12 <5
STRUCTURED SOHILS. MINOR KAOLINITE AND OTHER CLAY .180-.425 130 1432 94 9439 <5 <5 <5 101 7 62 352 12 <5 72274 27 20 <5
MINERALS. H.M- GH, HEM, MAG, ILM, .075-.180 170 1723 111 10239 <5 <5 <5 103 10 86 622 17 <5 89264 32 29 <5
CAS, LiM AND ZR. <.075 247 3638 244 18548 11 <5 9 152 18 150 1241 26 <5 182188 35 50 11
CIGHT COLOURED, LOOSE |ALMOST OHLY ROUNDED AND SUBANGULAR TOTAL 91 1325 57 17845 <5 <5 <5 83 9 53 312 12 <5 491617 24 21 <5
STRUCTURED, HORIZON OF |QUARTZ GRAINS; NO FELDSPAR AND >2 183 1502 149 56341 <5 <5 7 74 6 49 276 13 <5 33 96 34 8 <5
MAX1MUM ELUVIATION. BIOTITE; TRACES OF KAOLINITE AND .425-2 114 1213 46 13252 <5 <5 <5 79 7 43 266 12 <5 44141 28 14 <5
OTHER CLAY MINERALS. H.M.- GH, MAG, .180-.425 102 1205 17 12421 <5 <5 10 87 8 46 269 10 <5 65 263 31 23 <5
ILM, CAS, LIK AND ZR. .075~.180 156 2246 69 18631 <5 <5 13 110 11 83 553 18 <5 73278 30 3t 7
<.075 187 3021 127 25215 11 16 16 121 13 127 898 23 <5 178193 41 53 11
ZONE MARKED BY QUARTZ |WATHLY ROUNDED AND SUBANGULAR QUARTZ OTAL 76 954 91 16925 <5 <5 7 134 7 39 235 10 <5 59147 21 16 <5
PEBBLES, ROCK DEBRIS PEBBLES; GOETHITE PELLEYS; MINOR >2 63 538 48 12790 <5 <5 <5 99 <5 18 108 6 <5 13 65 31 6 <5
AND IRON OXIDES. KAOLINITE, ILLITE AND OTHER MIXED .425-2 121 1360 65 13487 <5 <5 10 90 6 41 257 10 <5 56117 27 13 <5
LAYERED CLAYS; NO FELDSPAR AND .180-.425 168 1944 95 18245 <5 <5 11 116 8 57 353 15 <5 96 274 38 22 <5
BIOTITE. H.M.~ GH, HEM, MAG, ILM, .075-.180 209 2291 95 20024 <5 <5 23 131 10 87 595 19 <5 109212 27 31 5
CAS, LIM AND ZR. <.075 225 3341 164 29526 13 34 23 178 15 138 1095 24 <5 151148 44 52 1)
RED SOFT PLINTIC B QUARTZ TANGULAR AWND SUBANGULAR) OTAL 117 1485 81 18506 6 <5 8 175 5 61 285 11 <5 60 75 22 21 <5
HORIZON WHICH STILL STAINED WITH IRON OXIDES; NO FRESH >2 97 1186 48 14162 <5 <5 <5 B8 <5 36 1717 9 <5 42 55 30 12 <5
PRESERVES THE GRANITIC |FELDSPAR OR BIOTITE; ENRICHED IN .425-2 162 2268 81 24720 10 <5 17 114 5 62 327 14 <5 77114 36 23 <5
STRUCTURE. (ZONE OF KAOL INITE, ILLITE AND OTHER CLAY .180-.425 235 3190 123 34522 18 8 32 162 8 94 499 20 <5 122150 37 39 <5
ILLUYVIATION) . MINERALS; JRON OXIDES. H.M.- HEM, .075-.180 249 3297 142 37208 25 12 30 177 9 116 690 21 <5 148110 46 44 6
. GH, MAG, ILM, LIM AND 2ZR. <.075 231 3634 171 44334 37 24 39 206 10 124 738 23 <5 145 517 51 52 1
WHITISH-GREY HORIZON QUARTZ (ANGULAR AND SUBANGULART; OTAL 137 1537 T8 16730 <5 <5 17197 & 56 264 10 <5 65 55 22 21 <5
CONTAINING MUCH CLAY ALTERED FELDSPAR AND BIOTITE; >2 107 1176 63 14925 <5 <5 11 75 <5 41 197 9 <5 29 23 32 15 <5
MINERALS. THE GRAN{ITIC |GREYISH MATRIX OF PREDOMINANTLY .425-2 178 2078 100 21199 7 <5 24 108 6 67 332 15 <5 69 72 30 25 <5
STRUCTURE 1S STILL PRE{KAOLINITE., H.M. - MAG, ILM, LIM, .180~.425 251 3183 156 31692 20 16 35 173 8 109 S16 20 <5 126111 52 43 5
SERVED. GH AND ZR. .075-.180 282 3470 172 34166 22 23 42 182 10 133 719 25 <5 142109 38 52 10
<.075 286 3825 181 39237 29 32 $7 211 11 137 698 28 <5 148 47 49 59 10

Description, mineralogy and trace element geochemlstry of weathering

profiie 18 on altered

Makhutso Granite.
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(CONT IHUED)
>
e [S<% GRAIN
Z=z |2~ SI1ZE w
ﬁﬁ,?, r—gliJDESCRIPTION I NERALOGY (mm) . p:-:- GEQCHEMICAL OATA (PPM)
Ez |x@o5 ®
=9 |La™ w
e T s x [P Ti ¥V Mn Fe Co Ni CuZn Rb Sr Y Zr Nb Mo BaSn W Pb Th U
DARK BROWN, ORGANIC [ALMOST OMLY ROUNDED AND SUBANGULAR TOTAL 101 1241 6 47 13518 <5 <5 10 <5 96 6 51 320 13 <5 6861 <5 30 14 <5
RICH, ORTHIC A JOUARTZ GRAINS (SLIGHTLY STAINED WITH >2 7.71132 1569 15 69 12627 <5 <5 25 <5 123 7 66 421 13 <5 B89 24 <5 39 15 <5
Ay 0.2 HORIZON WITH WEAKLY |IRON OXIDES); NO FELDSPAR AND BIOTITE}.425-2 5§5.20109 1112 10 29 7536 <5 <5 19 <5 94 7 44 262 10 <5 6171 <5 32 11 <5
STRUCTURED SOILS. MINOR KAOL INITE AND OTHER CLAY .180-.425126.3{169 1763 13 68 13092 <5 <5 10 <5 137 7 63 351 15 <5 101 69 <5 37 17 <5
MINERALS. H.M- GH, HEM, MAG, ILM, ~075-.180| 6.2{166 1898 18 94 13189 <5 <5 18 <5 139 8 86 627 17 <5 11468 <5 38 21 <5
LI AND ZR. <.075| 4.6/251 3563 32 193 21576 V1 7 35 7 176 17 139 1124 20 <5 196 76 <5 5] 39 14
L IGHT COLOURED, LOOSE JALMOST ONLY ROUNDED AND SUBANGULAR TOTAL 703 1362 17 58 12636 <5 <5 B <5 109 7 57 324 13 <5 7158 <5 33 15 <5
STRUCTURED, HORIZON OFQUARTZ GRAINS; NO FELDSPAR AND >2 6.8 81 1092 14 31 12218 <5 <5 18 <5 89 8 53 271 10 <5 4234 <5 36 12 <5
A2(E]0.35 MAXIMUM ELUYIATION. {BIOTITE; TRACES OF KAOLINITE AND .425-2 52.20111 1178 15 49 11536 <5 <5 16 <5 77 6 44 254 10 <5 56 68 <5 29 10 <5
DTHER CLAY MINERALS. H.M.- GH, WAG, _180-.425 |29.8/151 1783 15 61 14629 <5 <5 8 <5 134 7 61 341 16 <5 8271 <5 28 19 <5
ILM, LIM AND ZR. .075-.180| 7.8]/172 2152 22 98 17825 6 <5 15 6 147 9 98 696 21 <5 10274 <5 36 19 17
<.075| 3.4|/246 3765 40 169 27536 14 11 29 9 187 16 139 1076 22 <5 173 75 <5 45 41
BROWN WEAKLY MATHLY ROUNDED AND SUBANGUUAR QUARTZ (TOTAL 100 15062 16 32 13812 <5 <5 11 <5 125 1 62 356 12 <5 7354 <5 41 17 <5
STRUCTURED GRAINS ; MINOR IRON OXIDES; MINOR >2 7.8 62.1067 15 21 8492 <5 <5 17 <5 77 7 3B 241 9 <5 3830 <5 31 8 <5
Az |0.6 |[SOILS. KACLINITE, ILLITE AND OTHER MIXED .425-2 49.8] 81 1054 12 19 10143 <5 <5 14 <5 98 7 39 256 8 <5 41 41 <5 29 9 <5
L AYERED CLAYS; NO FELDSPAR AND .180-.425|28.9/148 2175 22 45 18567 6 <5 12 <5 159 8 74 472 37 <5 101 52 <5 35 21 <5
BIOTITE. H.M.- GH, HEM, MAG, ILM, .075-.180 | 8.8[192 3051 24 76 24152 10 <5 21 7 177 10 101 658 20 <5 131 42 <5 39 31 7
LM AND ZR. <.075| 4.71201 3872 37 111 28658 21 13 37 12 194 17 131 1016 27 <5 164 38 <5 41 41 10
REDDISH - BROWN QUARTZ (ROUNDED AND SUBANGULAR) TOTAL TIT 1473 17 38 13916 <5 <5 15 9 127 1 57 376 12 <5 68 46 <5 43 18 <5
MEAKLY STRUCTURED STAINED WITH IRON OXIDES; NO FRESH >2 9.0l 67 906 15 25 8562 <5 <5 14 <5 82 <5 37 204 8 <5 2436 <5 29 8 <5
8y 0.8 [sOILS. FELDSPAR OR BIOTITE; .425-2 41.2| 89 1052 14 24 9835 <5 <5 13 <5 97 7 38 216 8 <5 4319 <5 35 9 <5
KAOLINITE, ILLITE AND OTHER CLAY .180-.425 |29.1|154 2156 19 62 18567 7 <5 26 6 162 7 67 451 17 <5 109 46 <5 35 24 <5
MINERALS; IRON OXIDES. H.M.~ HEM, .075-.180 | 8.4|201 3066 23 84 26513 13 7 29 9 184 10 94 624 19 <5 1426}% <5 39 35 7
IGH, MAG, ILM, LIM AND ZR. <.075| 7.3]218 3842 39 119 29516 23 14 41 16 201 17 121 871 24 <5 178 64 <5 42 52 11
REDDISH APEDAL DUARTZ (ROUNDED AND SUBANGULART; OTAL 115 1407 15 43 14991 7 <5 19 10 131 7 54 312 12 <5 6932 <5 45 16 <5
B HORIZON, MO FELDSPAR AND BIOTITE; >2 13.9] 69 807 16 26 13512 <5 <5 17 <5 94 7 38 196 9 <5 27 26 <5 31 10 <5
B,(T}1.0 {(ZONE OF KAOL INITE AHD OTHER MIXED LAYERED .425-2 52.3} 97 1073 13 31 10567 <5 <5 18 <5 102 8 38 217 9 <5 41 27 <5 37 10 <5
ILLUYIATION) CLAY MINERALS. H.M. — MAG, ILM, LIM, |.180-.425|23.7[182 2318 23 79 23815 9 6 29 16 167 9 718 431 16 <5 107 35 <5 39 27 &
GH, HEM AND ZR. .075-.180 | 6.8(225 3056 38 101 32627 16 9 29 12 187 11 87 616 22 <5 143 68 <5 44 37 8
<.075| 3.8{246 3851 45 134 36824 24 18 54 21 214 18 119 801 27 <5 184 51 <5 49 49 14
HORIZON MARKED BY MAINLY ROUNDED AND SUBANGULAR TOTAL 137 1833 19 44 17167 7 <5 16 <5 119 5 61 387 17 <5 7J1 31 <5 40 19 <5
ROUNDED QUARTZ DUARTZ PEBBLES AND GRAINS STAINED >2 51.3] 68 806 13 21 9513 <5 <5 14 <5 47 <5 31 151 14 <5 5 24 <5 29 6 <5
P 1.4 PEBBLES AND W ITH IRON OXIDES; GOETHITE PELLETS; |.425-2 24.8/121 1911 21 51 15168 8 <5 16 <5 117 5 66 334 15 <5 6824 <5 35 19 <5
GOETHITE PELLETS. MINOR CLAY MINERALS; NO FELDSPAR 180-.425 |10.8]202 3455 30 89 32519 21 9 21 10 172 8 104 601 24 <5 141 37 <5 34 41 6
AND BIOTITE. H.M. - GH, HEM, C075-.180 | 7.5(222 3712 35 121 34525 21 13 22 12 172 9 114 721 27 <5 139 43 <5 41 44 8
MAG, ILM AND ZR, <.075| 5.6/229 4156 49 146 39685 27 18 29 17 187 11 126 815 29 <5 168 40 <5 46 51 12
[BROWN HORI1ZON IATNLY QUARTZ; ITOTAL 135 1921 19 78 22199 8 <5 15 9 142 8 671 402 16 <5 8520 <5 38 25 5
OF HIGHLY IALTERED FELDSPAR >2 48.5 92 1112 19 46 12517 <5 <5 14 <5 84 9 41 217 12 <5 6411 <5 31 12 <5
c 1.7 |WEATHERED BEDROCK. JAHD BIOTITE; H.M - MAG, ILM, .425-2 28.3[141 1963 24 81 19141 6 <5 16 7 147 8 71 367 15 <5 9219 <5 32 21 <5
(UMCONSOL IDATED) . HEM AND ZR. .180-.425 |10.9[192 3584 38 142 35629 20 14 24 17 209 10 115 679 27 <5 156 21 <5 46 44 9
L075-.180| 5.5|209 3751 46 166 36524 21 17 27 26 207 13 121 601 27 <5 180 27 <5 46 49 10
<.075| 6.8|201 4177 52 182 40326 25 24 31 27 227 21 135 856 29 <5 228 27 <5 51 51 11

Description, mlneralogy and trace element geochemistry of weathering

profile 19 on the grey Makhutso Granite.
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DARK BROWN, ORGANIC ALMOST ONLY ROUNDED AND SUBANGULAR TOTAL 132 1358 10 51 13156 <5 <5 21 <5 85 6 54 335 12 <5 7149 <5 26 13 <5
RICH, ORTHIC A QUARTZ GRAINS (SLIGHTLY STAINED WITH >2 6.9141 1696 13 70 11628 <5 <5 36 <5 97 6 67 436 13 <5 B531 <5 34 16 <5
Ay 0.2 HORIZOMN WiTH WEAKLY IRON OXIDES); NO FELDSPAR AND BIOTITE .425-2 47.2111 1251 9 45 8849 <5 <5 10 <5 82 6 46 283 11 <5 7166 <5 31 8 <5
ISTRUCTURED SOILS. MINOR KAOL INITE AND OTHER CLAY 180-.425033.3/167 1852 13 69 13176 <5 <5 24 <5 96 7 67 362 14 <5 9868 <5 35 10 <5
MINERALS. H.M- GH, HEM, MAG, ILM, 075-.180} 7.5169 1963 17 98 13251 <5 <5 41 <5 112 9 89 643 18 <5 11672 <5 36 16 <5
LiM AND ZR. <.075] 5.1/262 3596 29 165 22167 10 8 58 7 156 16 143 1173 21 <5 1847) <5 47 34 13
LIGHT COLOURED, LOOSE [ALIMOST ONLY ROUNDED AND SUBANGULAR TOTAL T41 1467 15 66 12438 <5 <5 16 <5 & 1 62 342 13 <5 6952 <5 27 10 <5
ISTRUCTURED, HORIZOM OFQUARTZ GRAINS; NO FELDSPAR AND >2 7.7l110 1085 14 49 12121 <5 <5 21 <5 8V 7 57 296 11 <5 5238 <5 30 16 <5
A2(E]0.35 MAXIMUM ELUYIATION. BIOTITE; TRACES OF KAOL INITE AND .425-2 53.50121 1273 14 53 11526 <5 <5 11 <5 66 8 47 246 12 <5 6172 <5 26 9 <5
OTHER CLAY MINERALS. H.M.- GH, MAG, L1B0-.425|27.71168 1892 15 67 15673 <5 <5 25 <5 94 9 65 345 17 <5 7474 <5 27 14 <5
ILM, LIM AND ZR. .075-.180| 7.0/181 2241 19 101 15251 <5 <5 44 6 116 9101 675 20 <5 9869 <5 32 20 <5
<.075| 4.1/257 3883 31 173 24568 13 11 55 8 163 15 146 1127 22 <5 16478 <5 39 29 12
BROWN WEAKLY. MAINLY ROUNDED AND SUBANGULAR QUARTZ |[TOTAL 147 1685 16 41 14115 <5 <5 27 <5 G1 8 671 337 13 <5 17838 <5 32 10 <5
ISTRUCTURED GRAINS ; MINOR IRON OXIDES; MINOR >2 8.9 98 1135 16 32 8763 <5 <5 35 <5 B84 7 44 216 10 <5 5138 <5 24 13 <5 -
Ay |0.5 [soILs. KAOL INITE, ILLITE AND OTHER MIXED .425-2 41.00111 1172 13 29 11529 <5 <5 31 <5 77 8 41 227 12 <5 4852 <5 27 B <5 ©
LAYERED CLAYS; NO FELDSPAR AND .180-.425[33.5/152 2221 19 56 20534 <5 <5 32 <5 104 8 78 466 17 <5 11043 <5 30 10 <5 o
BIOTITE. H.M.- GH, HEM, MAG, ILM, .075-.180| 9.5/173 3284 21 84 25684 9 6 48 7 121 10 111 598 21 <5 13867 <5 33 19 6
LIM AND ZR. <.075| 7.1}242 3973 32 117 29528 12 14 69 11 181 17 138 1028 23 <5 17153 <5 41 36 13
REDDISH - BROWN QUARTZ (ROUNDED AND SUBANGULAR) TOTAL 158 17685 16 4B 14536 <5 <5 42 <5 94 8 63 401 V3 <5 7541°<5 36 14 <5
WEAKLY STRUCTURED STAINED WITH IRON OXIDES; NO FRESH >2 12.90112 1256 15 34 9567 <5 <5 31 <5 87 6 48 225 11 <5 3831 <5 31 16 <5
By 0.9 JsoiLs. FELDSPAR OR BIOTITE; .425-2 43.5/117 1285 13 36 11983 <5 <5 34 <5 81 7 49 245 11 <5 5122 <5 50 10 <5
KAOLINITE, ILLITE AND OTHER CLAY .180-.425128.6/161 2273 18 79 21467 6 <5 51 <5 107 8 74 601 17 <5 11459 <5 35 16 <5
MINERALS; IRON OXIDES. H.M.- HEM, .075-.180] 9.5/199 3392 22 91 27826 12 7 55 8 138 11 101 678 20 <5 15155 <5 37 21 7
GH, MAG, ILM, LIM AND ZR. <.075| 5.5/251 4085 34 123 30548 19 14 77 14 186 17 131 980 24 <5 18262 <5 41 38 12
REDDISH APEDAL B QUARTZ (ROUNDED AND SUBANGULAR); TOTAL 158 1792 16 52 15684 6 <5 46 8 97 8 54 327 14 <5 Bl1 44 <5 39 17 <5
HORIZON. GRADING NO FELDSPAR AND BIOTITE; >2 14.90 89 1183 16 41 14843 <5 <5 58 <5 86 B8 39 206 12 <5 3939 <5 30 15 <5
B2(TI1.6 [PCCUR INTO THE KAOLINITE AND OTHER MIXED LAYERED .425-2 49.11120 1357 14 39 12763 <5 <5 49 <5 85 7 37 228 11 <5 4541 <5 32 16 <5
PEBBLE LAYER. CLAY MINERALS. H.M. - MAG, ILM, LIM, |.180-.425]25.4181 2385 20 88 25152 8 <5 51 7 114 9 82 424 18 <5 11555 <5 34 19 <5
(ZONE OF GH, HEM AND ZR. .075-.180| 6.3/203 3452 22 112 34518 15 9 71 11 141 1t 91 595 21 <5 15851 <5 41 22 7
ILLUV IATION) <.0751 4.3/267 4133 35 144 38562 24 17 92 19 199 18 123 880 25 <5 18448 <5 44 41 14
TORTZON MARKED BY PATRCY ROUNDED AND SUBANGULAR TOTAL T64 1827 17 67 17549 17 <5 31 <5 91 6 51 452 16 <5 7262 <5 37 17 <5
ROUNDED QUARTZ QUARTZ PEBBLES AND GRAINS STAINED >2 50.31103 1356 15 35 10156 <5 <5 42 <5 87 <5 41 267 13 <5 2039 <5 29 16 <5
P 2.2 PEBBLES AND WITH IRON OXIDES; GOETHITE PELLETS; .425-2 30.1/145 2082 16 58 16396 6 <5 37 <5 87 6 65 328 14 <5 5833 <5 32 14 <5
GOETHITE PELLETS. MINOR CLAY MINERALS; NO FELDSPAR .180-.425[11.4/198 3467 21 94 27516 9 839 9 104 7 99 650 22 <5 13746 <5 32 18 <5
GRADING OCCUR INTO AND BIOTITE. H.M. - GH, HEM, .075-.180| 5.4/210 3683 21 123 35841 17 13 56 11 124 9 117 787 25 <5 14268 <5 36 22 7
[THE By HORIZON. MAG, ILM AND ZR, <.075| 2.8/215 4291 34 156 41567 26 17 71 17 179 12 131 940 28 <5 16682 <5 41 40 12

Description, mineralogy and trice element geochemistry of weathering
profile 20. (Nature of underliying rocks unknown - probably Makhutso
Granite.)




Description, mineralogy and trace element geochemistry of weathering
profile 21 on the reddish Makhutso Granite.
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DARK BROWN, ORGANIC ALMOST ONLY ROUNDED AND SUBANGULAR TOTAL 122 1377 <5 119 9092 <5 <5 7 <5 93 6 46 364 10 <5 50103 <5 29 17 <5
ICH, ORTHIC A QUARTZ GRAINS (SLIGHTLY STAINED WITH >2 12,7 95 826 12 83 B8BAT <5 <5 <5 <5 65 S5 29 223 7 <5 34 42 <5 45 <5 <5
Ay Jo.15 HORIZON WITH WEAKLY IRON OXIDES); NO FELDSPAR AND BIOTITE.425-2 48.4117 1200 <5 B8 7004 <5 <5 7 <5 15 5 37 271 10 <5 44 87 <5 26 7 <5
ISTRUCTURED SOILS. MINOR KAOLINITE AND OTHER CLAY .180-.425(26.7]203 2082 <5 147 14072 <5 <5 7 <5 131 8 56 414 12 <5 96 96 <5 36 17 <5
MINERALS. H.M- GH, HEM, MAG, ILM, .075-.180( 7.9240 2635 <5 186 16086 6 <5 14 <5 139 11 98 832 19 <5 126 188 <5 31 29 6
LIM_AND ZR. <.075| 4.1j301 4073 17 260 24479 16 <5 32 16 183 19 138 1209 29 <5 209143 <5 35 47 14
IGHT COLOURED, LOOSE [ALMOST ONLY ROUNDED AND SUBANGULAR TOTAL 109 1257 8 i1} 12589 <5 <5 13 9 106 9 48 350 13 <5 53198 <5 29 17 <5
STRUCTURED, HORIZON OF [QUARTZ GRAINS; NO FELDSPAR AND >2 18.2f 68 493 11 103 15037 <5 <5 35 <5 55 <5 22 144 6 <5 9176 <5 25 5 <5
A2(E10.3 MAXIMUM ELUYIATION, BIOTITE; TRACES OF KAOLINITE AND .425-2 50.8/107 1045 <5 98 8924 <5 <5 11 T 67 <5 28 213 9 <5 32 60 <5 20 6 <5
OTHER CLAY MINERALS. H.M.- GH, MAG, .180-.425)20.9203 2169 12 139 19113 <5 <5 19 13 139 10 66 473 15 <5 92209 <5 33 24 <5
ILM, LIM AND ZR. .075-.180| 6.8/205 2575 B 163 19583 7 <5 21 15 142 11 99 803 20 <5 117191 <5 30 32 7
<.075] 3.7/261 3953 21 208 28675 14 16 30 22 186 16 136 1185 28 <5 178 124 <5 35 47 13
ZONE HMARKED BY QUARTZ NDED AND SUBANGULAR QUARTZ [TOTAL ZZ 137TT 10 89 12589 <5 <5 13 <5 B6 6 43 326 11 <5 78201 <5 30 12 <5
PEBBLES, ROCK DEBRIS |PEBBLES; GOETHITE PELLETS; MINOR >2 45.2| 75 417 24 54 19023 <5 <5 9 <5 29 <5 14 104 5 <5 <5 37 <5 18 <5 <5
P 0.45 run IRON OXIDES. KAOLINITE, ILLITE AND OTHER MIXED .425-2 32.1f 83 B69 <5 B5 6911 <5 <5 <5 <5 58 <5 25 186 6 <5 31 58 <5 28 <5 <5
LAYERED CLAYS; NO FELDSPAR AND .180-.425]13.6/202 2378 10 122 20408 8 <5 21 9 142 7 64 448 15 <5 99185 <5 34 20 <5
BIOTITE. H.M.- GH, HEM, MAG, ILM, .075-.180| 5.5/244 2995 22 148 25178 14 <5 30 14 166 10 106 B17 19 <5 135144 <5 33 35 7
LIM_AND ZR. <.075) 3.6/283 3953 33 193 35668 27 13 38 20 203 14 127 1006 24 <5 184 96 <5 47 47 11 -
RED SOFT PLINTIC B QUARTZ (ANGULAR AND SUBANGULAR) TOTAL 126 2017 15 119 32478 9 <5 24 t4 99 6 53 372 15 <5 98 40 <5 22 19 <5
HORIZON WHICH STILL STAINED WITH IRON OXIDES; NO FRESH >2 38.2{ 71 893 12 98 44201 <5 <5 29 <5 98 <5 21 139 8 <5 71 23 <515 5 <5 EE
B2(R]0.9 |PRESERVES THE GRANITIC|FELDSPAR OR BIOTITE; ENRICHED IN .425-2 36.4/ 99 1856 11 114 32142 <5 <5 39 12 180 <5 45 313 11 <5 98 48 <5 28 14 <5
ISTRUCTURE. (ZONE OF KAOL INATE, ILLITE AND OTHER CLAY -180-.425(11.2{110 3049 21 163 43172 14 6 45 24 173 10 85 572 18 <5 131 54 <5 39 33 <5
ILLUYIATION) . MINERALS; IRON OXIDES. H.M.- HEM, .075-.180] 6.3[115 3534 28 163 42970 17 15 38 28 186 11 110 803 23 <5 151 57 <5 37 42 9
GH, MAG, I1LM, CAS, LIM AMD ZR. <.075| 7.9|132 4133 44 200 51231 28 28 63 46 224 13 121 844 30 <5 176 52 <5 34 54 12
WHITISH-GREY HORIZON [QUARTZ (ANGULAR AND SUBANGULAR); TOTAL 78 1936 15 119 29473 11 <5 43 10 212 8 55 356 19 <5 110 36 <5 27 27 <5
CONTAINING MUCH CLAY [ALTERED FELDSPAR AND BIOTITE; >2 39.4] 58 1389 26 135 37481 10 <5 31 <5 143 <5 36 194 12 <5 71 30 <5 31 18 <5
Bz |1.2 MINERALS. THE GRANITIC|WHITE CONCRETIONS OF MAINLY .425-2 36.2| 78 2027 10 106 30284 8 <5 42 9 217 7 4B 271 18 <5 111 44 <5 26 23 <5
STRUCTURE 1S STILL PRE{KAOLINITE. H.M. - MAG, ILM, LIM, .180-.425(10.2| 96 2935 19 163 38461 18 <5 61 19 330 11 71 402 26 <5 162 51 <5 35 40 <5
ISERVED. GH, HEM CAS, AND ZR. .075-.180) 6.9/109 2995 25 178 38362 17 <5 53 13 273 11 89 596 26 <5 173 57 <5 38 42 <5
<.075] 7.3{ 96 3893 29 186 45252 27 12 88 32 288 11 131 698 36 <5 158 49 <5 28 55 7
ROWN WEATHERED OUARYZ,; KAOLINTSED, TLUTTISED AND TOTAL 82 1557 10 141 22380 5 <5 47 33 406 13 71 203 25 <5 156 52 <5 36 45 <5
BEDROCK. HEMATITISED FELOSPARS; CHLORITISED >2 42.2{ 55 820 <5 122 14939 <5 <5 21 12 322 10 44 129 10 <5 134 20 <5 50 23 <5
c 2.3 J(UNCONSOL IDATED). AND HEMATITISED BIOTITE. H.M.- HEM, .425-2 36.8] 83 1710 6 139 24157 <5 <5 49 34 429 14 69 161 22 <5 221 25 <5 52 40 <5
MAG, CAS, ILM AND ZR. .180-.425110.7| 87 2875 17 208 41264 22 17 93 72 440 14 108 310 48 <5 225 47 <5 56 96 <5
.075-.180{ 5.5/ 96 2875 25 230 46859 27 21 100 77 401 13 143 424 47 <5 189 63 <5 55 98 6
. <.075| 4.8| 96 2875 24 238 48958 32 22 103 78 390 12 138 412 44 <5 186 44 <5 54 97 9
LIGHTLY WEATHERED QUARTZ; SERICITISED AND KAOLINISED
MAKHUTSO GRANITE. .|POTASH FELDSPAR AND PLAGIOCLASE;
R 2.3 THE BIOTITE (S CHLORITISED. 109 508 <5 264 11783 <5 <5 65 30 463 43 83 160 21 <5 332 29 <5 35 37 9
H.M. - MAG, ILM, HEM AND ZR.
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DARK BROWN, ORGANIC ALMOST ONLY ROUNDED AND SUBANGULAR TOTAL 119 1343 16 132 11297 <5 <5 7 5 142 11 56 392 12 <5 213309 <5 44 21 5
RICH, ORTHIC A QUARTZ GRAINS (SLIGHTLY STAINED WITH >2 11.3 88 843 9 B84 5661 <5 <5 <5 <5 86 6 30 209 8 <5 15 39 <5 37 5 <5
Ap  |0.2 HORIZON WiTH WEAKLY IRON OXIDES); NO FELDSPAR AND BIOTITE J.425-2 52.11135 1408 10 116 10161 <5 <5 7 6 135 9 43 305 12 <5 118 93 <5 36 14 <5
ISTRUCTURED SOILS. MINOR KAOL INITE AND OTHER CLAY T180-.425(24.4[195 2062 5 149 13176 <5 <5 5 <5 175 11 59 417 13 <5 156 100 <5 45 23 <5
MINERALS. H.M- GH, HEM, MAG, ILM, C075-.180| 7.5{196 1988 10 156 14809 <5 <5 7 6 162 13 94 711 17 <5 155122 <5 36 30 9
LIM AND ZR. <.075| 4.7|253 3927 11 233 19056 13 <5 16 9 190 19 154 1313 30 <5 233122 <5 42 49 17
TGHT COLOURED, TOOSE [ALMOST ONLY ROUNDED AND SUBANGULAR TOTAL 113 1428 8 87 9602 <5 <5 <5 <5 132 8 52 340 11 <5 118163 <5 40 16 <5
ISTRUCTURED, HORIZON OF |QUARTZ GRAINS; NO FELDSPAR AND >2 16.6| 78 707 1 B0 8424 <5 <5 <5 <5 68 6 30 176 8 <5 42 33 <532 7 <5
A2(EJ0.4 MAXIMUM ELUYIATION. BIOTITE; TRACES OF KAOLINITE AND .425-2 49.8/104 1215 11 110 9469 <5 <5 <5 <5 124 7 46 293 9 <5 99130 <5 38 14 <5
OTHER CLAY MINERALS. H.M.- GH, MAG, 180-.425 |24.3/204 2421 16 154 21296 6 <5 15 15 185 12 81 513 18 <5 208 132 <5 41 31 6
ILM, LIM AND ZR. T075-.180| 5.4/203 2498 14 135 18349 8 <5 13 6 167 11 102 761 19 <5 176 97 <5 37 33 9
<.075| 3.9|252 3765 27 230 29316 13 14 23 20 197 18 153 1208 28 <5 219 77 <5 45 55 20
[RATRLY ROUNDED AND SUBANGULAR QUARTZ [TOTAL 143 7548 16 105 15114 5 <5 13 12 119 9 58 367 11 <5 96170 <5 43 20 5
PEBBLES, ROCK DEBRIS |[PEBBLES; GOETHITE PELLETS; MINOR >2 55.4| B0 B18 9 66 7168 <5 <5 <5 <5 51 <5 25 160 7 <5 65 40 <537 5 <5
P 0.8 IAND IRON OXIDES. KAOLINITE, ILLITE AND OTHER MIXED .425-2 23.4/163 1752 14 132 16937 <5 <5 14 12 120 8 48 301 12 <5 113202 <5 33 16 <5
LAYERED CLAYS; NO FELDSPAR AND 180-.425| B.4229 3330 21 144 27556 17 5 28 19 198 12 92 604 22 <5 261131 <5 38 37 6
BIOTITE. H.M.- GH, HEM, MAG, ILM, 075-.180| 6.4{276 3566 31 177 33284 17 17 29 31 199 14 127 871 26 <5 210 96 <5 48 48 13
LIM_AND ZR. < 075! 6.4]222 3776 38 192 34323 26 16 33 25 206 14 133 952 28 <5 202 10 <5 48 52 12
ED SOFT PLINTIC B QUARTZ (ANGULAR AND SUBANGULAR) TOTAL 180 2269 14 147 19235 10 <5 19 O 138 B 74 479 17 <5 134 34 <5 41 28 5
HORI1ZON WHICH STILL STAINED WITH IRON OXIDES; NO FRESH >2 37.5/109 1062 13 123 14244 <5 <5 10 5 100 6 38 205 11 <5 67 25 <5 47 13 <5
B2(R11.2 [PRESERVES THE GRANITIC|FELDSPAR OR BIOTITE; ENRICHED 1IN .425-2 32.2|200 2695 15 153 24420 12 <5 24 14 167 9 81 499 19 <5 154 35 <5 46 32 5
ISTRUCTURE. (ZONE OF KAOLINITE, ILLITE AND OTHER CLAY 180-.425]16.5|226 3462 24 18 32801 16 13 32 30 213 12 103 636 25 <5 231 35 <5 50 50 10
ILLUYIATION) . MINERALS; IRON OXIDES. H.M.- HEM, T075-.180| 6.6/268 3566 27 202 33347 20 9 29 20 205 11 122 B27 25 <5 192 48 <5 55 48 11
GH, MAG, ILM, LIM AND ZR. < 075| 5.2|281 4190 36 219 41068 28 27 47 45 228 14 135 917 32 <5 203 29 <5 45 63 13
WHTTTSH-CREY HORTZON [QUARTZ (ANGULAR AND SUBANGULAR); TOTAL 749 2239 14 150 14425 6 <5 26 23 158 12 71 418 18 <5 159 28 <5 71 31 8
ICONTAINING MUCH CLAY [ALTERED FELDSPAR AND BIOTITE; >2 a4.8) 71 1161 7 114 10174 <5 <5 <5 <5 99 5 40 229 S <5 81 25 <5 571 12 <5
B3 1.7 MINERALS. THE GRANITIC|GREYISH MATRIX OF PREDOMINANTLY .425-2 32.3/158 2643 17 129 21220 10 <5 21 20 189 11 81 455 20 <5 167 27 <5 43 36 5
+C STRUCTURE IS STILL PREJKAOLINITE. H.M. - MAG, ILM, LIM, S180-.425[10.6[179 3606 23 133 27256 21 9 36 29 226 12 110 631 26 <5 197 30 <5 52 49 7
SERVED. GH AND ZR. T075-.180| 7.0/199 3552 25 153 27538 17 14 32 32 210 13 134 846 28 <5 174 46 <5 49 55 12
<.075| s5.31187 4219 27 183 34345 28 15 30 22 218 13 149 1025 30 <5 222 26 <5 71 60 13
HIGHLY WEATHERED QUARTZ; KAOLINISED, SERICITISED AND
BEDROCK. HEMATITISED FELDSPARS; CHLOR!TISED
R 1.8 AND HEMATITISED BIOTITE. H.M.- HEM, 135 806 <5 148 B8B890 <5 <5 <5 <5 420 45 85 186 23 <5 258 16 <5 48 38 9
MAG AND ZR.

Description, mlneralogy and trace element geochemistry of weathering

profile 22 on grey Makhutso Granlite.
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DARK BROWN, ORGANIC  [ALMOST ONLY ROUNDED AND SUBANGUL AR TOTAL 107 1263 57 14526 <5 <5 <5 56 7 43 316 10 47 21 <5 37 15 <5
RICH, ORTHIC A QUARTZ GRAINS (SLIGHTLY STAINED WITH >2 141 1664 78 13336 <5 <5 <5 82 8 S7T 414 11 74 5 <5 46 17 <5
Ay HORIZON WITH WEAKLY IRON OX1DES); NO FELDSPAR AND BIOTITE{.425-2 117 1167 36 7558 <5 <5 <5 586 6 35 255 9 43 77 <5 34 10 <5
ISTRUCTURED SOILS. MINOR KAOL INITE AND OTHER CLAY .180-.425 181 1834 76 13015 <5 <5 <5 95 8 S1 349 13 86 71 <5 33 18 <5
MINERALS. H.M- GH, HEM, MAG, .075-.180 178 1938 100 13310 <5 <5 <5 97 9 77 624 16 9575 <5 34 23 <5
LIM AND 2ZR. <.075 292 3682 203 23995 14 8 12 140 19 132 1136 25 185 22 <5 56 44 16
LIGHT COLOURED, LOOSE [ALMOST ONLY ROUNDED AND SUBANGULAR TOTAL 110 1359 67 13855 <5 <5 <5 786 8 48 337 12 5122 <5 41 18 <5
ISTRUCTURED, HOR1ZON OFQUARTZ GRAINS; NO FELDSPAR AND >2 4.2l 95 1085 34 11307 <5 <5 <5 61 8 43 283 9 26 8 <5 43 14 5
MAXIMUM ELUV IATION. BIOTITE; TRACES OF KAOLINITE AND .425-2 4.8/118 1168 55 11161 <5 <5 <5 59 6 35 242 9 3326 <5 38 10 <5
OTHER CLAY MINERALS. .180-.425|30.8(168 1835 65 15595 5 <5 <5 99 8 53 357 14 68 86 <5 31 22 <5
ILM, LIM AND ZR. .075-.180| 6.8|186 2299 104 19718 8 <5 <5 110 10 87 681 19 8877 <5 38 30 8
<.075] 3.4]279 3727 172 29520 18 13 14 150 16 130 1031 24 157 8 <5 47 46 14
BROWN NEAKLY MATNLY ROUNDED AND SUBANGULAR QUARTZ |[TOTAL 113 1609 30 13302 <5 <5 <5 81 6 51 340 11 5720 <5 44 17 <5
STRUCTURED GRAINS ; MINOR IRON OXIDES; MINOR >2 7.6 64 1792 20 7937 <5 <5 <5 39 <5 27 189 8 17 9 <5 28 6 <5
SOILS. KAOLINITE, ILLITE AND OTHER MIXED .425-2 4.2 84 1036 20 7526 <5 <5 <5 50 <5 28 185 7 2232 <5 30 6 <5
LAYERED CLAYS; NO FELDSPAR AND .180-.425]|27.4{158 2210 47 19590 8 <5 7 114 7 65 431 15 87 44 <5 38 24 <5
BIOTITE. H.M.- GH, .075-.180] 6.7(209 3100 73 26875 13 <5 13 131 9 90 643 19 11828 <5 42 34 6
LIM AND ZR. <.075| 4.1{215 3907 104 30627 24 14 23 157 12 120 914 26 141 20 <5 42 47 11t
REDDISH - BROWN QUARTZ (ROUNDED AND SUBANGULAR) TOTAL 119 1520 35 13902 <5 <5 <5 80 6 47 331 11 5324 <5 40 16 <5
WEAKLY STRUCTURED STAINED WITH IRON OXIDES; NO FRESH >2 5.8 69. 802 23 8201 <5 <5 <5 41 <5 26 191 1 1112 <5 27 7 <5
SOILS. FELDSPAR OR BIOTITE; .425-2 1.9/ 92 1136 22 7724 <5 <5 <5 54 <5 25 201 8 2245 <5 31 7 <5
KAOL INITE, ILLITE AND OTHER CLAY .180-.425]29.8{163-2214 5% 20562 1 1 9 119 7 59 428 15 9171 <5 36 25 <5
MINERALS; IRON OXIDES. .075-.180] 7.7(211 3192 77 271320 14 7 15 136 7 83 642 19 12069 <5 43 34 7
GH, MAG, ILM, LIM AND ZR. <.075( 4.8[221 3911 111 31562 24 15 24 162 11 117 825 25 15532 <5 42 51 12
REDDISH APEDAL B QUARTZ (ROUNDED AND SUBANGULAR); TOTAL 109 1429 40 15799 6 <5 <5 75 1 46 304 11 4726 <5 35 16 <5
HORIZON. GRADING NO FELDSPAR AND BIOTITE; >2 14.3] 74 903 20 14634 <5 <5 <5 47 <5 30 202 10 925 <5 28 9 <5
OCCUR INTO THE KAOL INITE AND OTHER MIXED LAYERED .425-2 53.7(100 1111 2% 11312 <5 <5 <5 55 <5 32 209 9 2332 <5 23 10 <5
PEBBLE LAYER. CLAY MINERALS. H.M. - MAG, .180-.425{21.9{195 2428 68 25400 11 <5 16 121 9 69 427 18 9579 <5 35 29 6
(ZONE OF GH, HEM AND ZR. .075-.180] 6.3/245 3282 93 34139 17 19 23 143 11 93 644 21 12719 <5 43 39 9
1ILLUY IATION) <.075] 3.8|259 3891 127 40245 25 26 28 166 13 117 791 25 164 <5 <5 51 50 )
HOR1ZON MARKED BY MATNLY ROUNDED AND SUBANGULAR TOTAL 134 1883 40 18294 7 <5 10 72 5 St 387 15 5128 <5 35 20 <5
ROUNDED QUARTZ QUARTZ PEBBLES AND GRAINS STAINED >2 54.3| 66 1706 20 41540 <5 <5 <5 29 <5 20 131 13 <516 <5 52 <5 <5
PEBBLES AND WITH IRON OXIDES; GOETHITE PELLETS; [.425-2 22.9/129 2003 47 17803 9 <5 10 81 5 55 371 15 5724 <5 38 21 <5
GOETHITE PELLETS. MINOR CLAY HINERALS; NO FELDSPAR .180-.425]|11.8|213 3663 100 34832 23 12 28 144 8 95 629 25 12625 <5 46 43 8
GRADING OCCUR INTO AND BIOTITE. H.H. .075-.180| 6.7[230 3941 115 36997 23 15 27 142 9 105 747 26 12332 <5 50 44 8
[THE B, HORIZON. I'AG, ILM AND ZR, <.075] 4.3|231 4325 136 40718 29 18 31 153 10 114 831 27 147 <5 <5 55 51 11
[BROWN HOR1ZON ARKTNCY QUARTZ; TOTAC T34 1889 87 23155 9 <5 10 81 6 59 379 16 7420 <5738°24 5
OF HIGHLY ALTERED FELDSPAR >2 « |47.9| 9t t092 40 14444 <5 <5 <5 43 <5 34 209 11 2412 <5 30 13 <5
WEATHERED BEDROCK. AND BIOTITE; H.M - MAG, *]-425-2 8.5{133 2082 78 21120 7 <5 10 89 7 58 371 16 6122 <5 31 25 <5
HEM AND ZR. .180-.425[11.3/186 3673 146 37566 20 20 29 188 10 104 649 28 12725 <5 49 49 10
.075-.180| 6.5(200 3846 156 39279 19 21 27 146 10 113 773 27 12925 <5 46 50 11
<.075| 5.8{194 4161 171 42122 27 29 26 157 11 123 830 29 139 <5 <5 54 56 12

Description, mlneralogy and trace element geochemistry of weathering

profile 23 on grey Makhutso Granite.
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APPENDIX A:

(CONTIRUED)

> e
o |S$% GRAIN
Z, o8~ S1ZE w
52 t—gt;DESCRIPTION MINERALOGY (mm) . - GEOCHEMICAL DATA (PPM)
E- |z@5 5
<g ExN "
WE fuiuww Y [p Tt ¥V Mn Fe Ni Rb Sr Y Zr Nb Mo Ba Sn W Pb
[~ X~]
DARK BROWN, ORGANIC ALMOST ONLY ROUNDED AND SUBANGULAR TOTAL 80 1194 18 49 11652 <5 55 10 41 334 9 <5 46 20 <5 21
RICH, ORTHIC A QUARTZ GRAINS (SLIGHTLY STAINED WITH >2 111 1615 15 69 9567 <5 78 11 52 426 9 <5 69 6 <5 32
Ay 0.3 |HORIZON WITH WEAKLY IRON OXIDES); NO FELDSPAR AND BIOTVITE{.425-2 87 1104 8 32 6953 <5 61 8 34 271 7 <5 3969 <5 20
STRUCTURED SOILS. MINOR KAOL INITE AND OTHER CLAY .180-.425 134 1767 10 62 10528 <5 99 10 49 362 10 <5 7866 <5 19
MINERALS. H.M- GH, HEM, MAG, ILM, .075-.180 137 1843 16 89 10752 <5 97 11 75 651 12 <5 9469 <5 21
LIM AND ZR. <.075 212 3591 29 194 18674 <5 131 21 129 1209 21 <5 207 20 <5 43
LIGHT COLOURED, LOOSE | ALMOST ONLY ROUNDED AND SUBANGULZR TOTAL B85 1219 17 61 10568 <5 52 9 43 368 9 <5 42 2% <519
STRUCTURED, HORI1ZON OF| QUARTZ GRAINS; NO FELDSPAR AND >2 75 1017 14 31 9267 <5 66 10 39 302 8 <5 34 7 <5 21
AZ(E}0.5 [MAXIMUM ELUYIATION. BIOTITE; TRACES OF KAOLINITE AND .425-2 88 1147 10 47 9487 <5 62 .8 35 272 8 <5 3631 <519
OTHER CLAY MINERALS. H.M.- GH, MAG, .180-.425 123 1752 15 58 11521 <5 93 9 S50 383 1t <5 59 81 <5117
LK, LIIF AHD ZR. .075-.180 139 2237 19 B84 15461 <5 94 10 81 711 12 <5 7869 <5 22
<.,075 198 3751 39 154 23812 6 136 18 131 1211 20 <5 164 153 <5 37
BROWN WEAKLY MATNLY ROUNDED AND SUBANGULAR QUARTZ [TOTAL 87 1486 19 51 10782 <5 61 11 49 351 10 <5 49 20 <5 23
STRUCTURED GRAINS ; MINOR IRON OXIDES; MINOR >2 67 1025 15 35 8563 <5 69 9 31 202 8 <5 29 9 <515
A3 0.7 |SOILS. KAOLINITE, ILLITE AND OTHER MIXED .425-2 77 1068 10 42 9651 <5 71 8 33 195 B <5 3434 <519
LAYERED CLAYS; NO FELDSPAR AND .180-.425 124 2154 18 51 15421 <5 109 10 59 445 11 <5 7555 <5 21
BIOTITE. H.M.~ GH, HEM, MAG, ILM, .075-.180 166 2967 24 86 21861 <5 116 12 88 649 15 <5 11331 <5 24
LIM_AND ZR, <,075 189 3791 38 139 24592 7 148 22 119 1098 23 <5 167 19 <5 38
REDDISH - BROMN QUARTZ (ROUNDED AND SUBANGULAR) TOTAL 95 1501 18 40 11516 <5 74 11 48 339 1t <5 S0 15 <5 23
WEAKLY STRUCTURED STAINED WITH IRON OXIDES; NO FRESH >2 81 956 14 27 8674 <5 70 8 28 189 7 <5 19 9 <5 16
By 0.9 |[SOILS. FELDSPAR OR BIOTITE; .425-2 87 1093 12 27 8951 <5 69 8 23 199 9 <5 2441 <518
KAOL INITE, ILLITE AND OTHER CLAY .180-.425 141 2056 19 49 16567 <5 111 10 61 418 12 <5 8861 <5 23
MINERALS; IRON OXIDES. H.M.- HEM, .075-.180 172 3092 23 78 22526 6 121 14 77 637 15 <5 11959 <5 24
GH, MAG, ILM, LIM AND ZR, <,075 191 3854 39 114 25848 7 161 24 117 951 23 <5 166 22 <5 37
REDDISH APEDAL B QUARTZ (ROUNDED AND SUBANGULAR); TOTAL 94 1521 18 45 12984 <5 79 12 49 306 11 <5 49 24 <5 24
HORIZON. GRADING NO FELDSPAR AND BIOTITE; >2 82 94y 17 24 10102 <5 57 9 32 214 9 <5 1617 <5 18
B2(T}1.2 [OCCUR INTO THE KAOL INITE AND OTHER MIXED L AYERED .425-2 91 1010 11 29 9471 <5 65 9 29 206 8 <5 2129 <5 17
PEBBLE LAYER. CLAY MINERALS. H.M. - MAG, ILM, LIM, |.180-.425 152 1976 24 71 19184 <5 117 11 61 434 14 <5 8968 <5 23
(ZONE OF GH, HEM AND ZR. .075-.180 191 3152 36 B9 27456 7 132 16 89 672 17 <5 121 77 <5 26
ILLUYIATION) <.075 205 3876 45 117 32894 12 154 27 118 B46 23 <5 172 10 <5 41
HORTZON MARKED BY WATNLY ROUNDED ARD SUBANGULAR TOTAL 11 1914 20 47 15612 <5 69 12 50 372 13 <5 47 31 <5 26
ROUNDED QUARTZ QUARTZ PEBBLES AND GRAINS STAIKED >2 67 956 10 28 9846 <5 38 9 25 151 12 <5 "<517 <5 13
P 1.9 |PEBBLES AND WITH IRON OXIDES; GOETHITE PELLETS; .425-2 105 2052 19 46 15216 <5 61 8 49 392 14 <5 4829 <5 21
GOETHITE PELLETS. MINOR CLAY MINERALS; NO FELOSPAR .180-~.425 151 3267 30 91 27814 <5 129 10 89 672 19 <5 11924 <5 40
GRADING OCCUR INTO AND BIOTITE. H.M. - GH, HEM, .075-.180 163 3756 35 111 31469 6 131 16 98 771 21 <5 11864 <5 42
THE B, HORIZON. MAG, ILM AND ZR, <.075 178 4084 52 129 33512 9 146 25 113 904 24 <5 155 1 <5 43
BROWN HORTZON | ED AND OTAL T21 1656 17 711 12942 <5 80 12 51 351 12 <5 4436 <5 24
Of WEAKLY SUBANGULAR); NO FELDSPAR >2 81 1026 14 42 9572 <5 62 10 31 297 10 <5 3627 <5 21
PAL-12.3 |STRUCTURED SOI!LS. OR BIOTITE; KAOLINITE AND .425-2 121 1543 11 53 10431 <5 64 9 52 285 10 <5 4128 <5 22
coL MIXED LAYERED CLAY MINERALS; .180-.425 173 1954 16 55 16519 <5 116 12 94 401 18 <5 5t 47 <5 31
IRON OXIDES. .075-.180 198 3156 20 81 24678 6 124 16 10t 676 20 <5 8185 <5 33
H.M. -~ MAG, ILM, HEM AND ZR. <.075 238 3985 41 149 27819 1" 161 28 118 1152 25 <5 17427 <5 42

Description, mineralogy and trace element geochemistry of weathering

proflile 24. (Nature of

underlying rocks unknown).
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APPENDIX A: (CONTIMUED)
12> »
© o ~
2 ["3E GRAIN
-2z lox SIZE w
€9 |- 3whescrRIPTION MINERALOGY (nm) . - GEOCHEMICAL DATA (PPM)
I— |[T@oo x
o (kN (2]
o2 (B8, w p L ¥V M F c c Rb St Y Zr Nb Mo B
> B ~ n e o NI Cu Zn b Sr r o Ba Sn ¥ Pb Th U
DARK BROWN, ORGANIC ALMOST ONLY ROUNDED AND SUBANGULAR TOTAL 145 1705 13 187 11323 <5 <5 7 <5 213 16 55 467 20 <5 209 172 <5 23 20 <5
ICH, ORTHIC A QUARTZ GRAINS (SLIGHTLY STAINED WITH >2 25.5{ 87 839 6 127 6595 <5 <5 16 <5 167 8 25 181 11 <5 83768 <5 45 7 <5
Ay 0.1 HORIZON WITH WEAKLY IRON OXIDES); NO FELDSPAR AND BIOTITE{.425-2 37.2]148 1457 <5 164 17098 <5 <5 <5 <5 112 13 41 336 15 <5 180 76 <5 33 18 <5
STRUCTURED SOILS. MINOR KAOL INITE AND OTHER CLAY .180-.425]18.9]238 2313 12 238 13634 <5 65 11 6 222 22 6B 544 24 <5 333 198 <5 42 35 <5
MINERALS. H.M- GH, HEM, MAG, ILM, .075-.180011.5[355 2778 B8 287 13759 <5 <5 11 6 216 24 91 849 24 <5 363139 <5 29 33 7
LIM AND ZR. <.075| 6.9/363 4055 20 403 18535 6 S5 12 7 226 34 164 1649 35 <5 403 109 <5 42 48 21
L 1GHT COLOURED, LOOSE |ALMOST ONLY ROUNDED AND SUBANGULAR TOTAL 121 1399 20 110 9876 <5 <5 7 <5 113 16 59 466 19 <5 193 200 <5 20 20 <5
STRUCTURED, HORIZON OF [QUARTZ GRAINS; NO FELDSPAR AND >2 22.2] 96 654 10 109 7021 <5 <5 17 <5 143 18 22 231 10 <5 171 631 <5 19 6 <5
A2(€30.2 MAXIMUM ELUVIATION. BIOTITE; TRACES OF KAOL INITE AND .425-2 40.5/139 1212 6 114 7134 <5 <5 <5 <5 206 12 47 319 16 <5 195 98 <5 23 7 <5
F OTHER CLAY MINERALS. H.M.- GH, MAG, |.180-.425|17.5]201 2256 14 141 12300 <5 <5 6 6 283 19 77 531 25 <5 301 201 <5 27 18 6
ILM, LINM AND ZR. L075-.18011.9[197 2273 14 142 12101 <5 <5 13 7 251 17 98 782 26 <5 213153 <5 21 21 17
<.075{ 7.9{239 3798 21 183 19536 10 9 16 9 273 23 163 1390 39 <5 331121 <5 23 37 15
ONE MARKED BY QUARTZ |MAINLY ROUNDED AND SUBANGULAR QUARTZ [TOTAL 126 1375 12 138 18262 <5 <5 20 15 252 12 49 322 18 <5 139289 <5 33 20 <5
EBBLES, ROCK DEBRIS |PEBBLES; GOETHITE PELLETS; MINOR >2 58.4| 61 594 7 113 9274 <5 <5 7 <5 144 6 19 110 10 <5 27222 <5 44 6 <5
P 0.4 [AND IRON OXIDES. KAOL INITE, ILLITE AND:OTHER MIXED .425-2 19.4{113 1334 7 145 12169 <5 <5 13 8 113 12 43 287 17 <5 129154 <5 32 21 7
- LAYERED CLAYS; NO FELDSPAR AND .180-.425]12.9(242 2637 11 202 23743 <5 <5 22 18 241 21 87 618 23 <5 321 154 <5 48 41 8
BIOTITE. H.M.- GH, HEM, MAG, ILM, .075-.180| 5.5|251 3019 22 182 23990 9 84 29 24 234 21 115 953 27 <5 304170 <5 33 38 11
LIM AND ZR. . <.075| 3.8(293 4039 26 225 29591 17 19 45 37 252 25 159 1331 35 <5 336 133 <5 31 51 11
RED SOFT PLINTIC B QUARTZ (ANGULAR AND SUBANGULAR) TOTAL 137 1994 19 148 18376 B 5 24 6 152 14 63 450 21 <5 177 29 <5 38 32 10
HORIZON WHICH STHLL STAINED WITH IRON OXIDES; NO FRESH >2 45.5] 79 1165 11 132 10110 <5 <5 9 <5 75 6 32 184 12 <5 84 29 <5 41 9 <5
B2(RY0.7 PRESERVES THE GRANITIC FELDSPAR OR BIOTITE; ENRICHED IN .425-2 33.2/149 2335 11 160 18646 6 <5 21 8 161 13 71 489 21 <5 218 29 <5 37 25 <5
STRUCTURE. (ZONE OF KAOLINITE, ILLITE AND OTHER CLAY .180-.425|11.3[228 3572 21 177 29164 16 23 44 26 252 20 113 804 29 <5 346 37 <5 37 45 9
ILLUY IATION) . MINERALS; IRON OXIDES. H.M.- HEM, .075-.180| 5.9|248 3629 26 182 30252 16 25 40 23 240 19 127 996 28 <5 319 51 <5 28 43 11
GH, MAG, ILM, LIM AND ZR. <.075| 4.1|222 3971 32 214 34683 24 22 50 31 246 2% 151 1141 31 <5 317 36 <5 31 53 14
WHITISH-GREY HORIZON |QUARTZ (ANGULAR AND SUBANGULARJ;: TOTAL 102 1907 T8 T19 15763 B <5 26 16 159 15 66 379 22 <5 183 2B <5 20 27 <5
ICONTAINING MUCH CLAY |ALTERED FELDSPAR AND BIOTITE; >2 38.8| 85 1564 12 137 10213 <5 <5 14 8 112 11 52 261 17 <5 119 28 <5 41 20 6
85 [1.2 MINERALS. THE GRANITIC |GREYISH MATRIX OF PREDOMINANTLY .425-2 37.7|120 2672 19 173 16485 7 5 30 21 202 19 79 447 25 <5 261 29 <5 40 33 6
+c ISTRUCTURE IS STILL PRE4{KAOLINITE. H.M. - MAG, ILM, LIM, .180-.425]10.4/145 3369 35 169 22390 19 20 42 31 278 24 107 614 29 <5 328 39 <5 42 52 7
SERVED. GH AND ZR. .075-.180| 6.8{148 3550 37 175 23163 16 22 S1 37 265 23 125 873 32 <5 315 47 <5 32 55 10
<.075| 6.3{147 4196 37 194 28986 25 29 50 39 265 24 156 1143 38 <5 302 30 <5 34 62 15
HIGHLY WEATHERED QUARTZ; KAOL INISED, SERICITISED AND
BEDROCK. HEMATITISED FELDSPARS; CHLORITISED
R 1.5 AND HEMATITISED BIOTITE. H.M.- HEM, 120 1313 12 176 7225 <5 <5 <5 <5 362 66 110 225 16 <5 559 20 <5 61 26 5

MAG AND ZR.

Description, mineralogy and trace element geochemistry of weathering

proflile 25 on the grey

Makhutso Granite.
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APPENDIX A: (CONTINUED)
>
© S5 GRAIN
Z, o2~ S1ZE "
€S 3% pescrIPTION MINERALOGY (am) . = GEOCHEMICAL DATA (PPM)
xT - Ir 0 © : (L]
& =N —_
<O .4 w
$T RS =lp  Ti Vv Mn Fe Co Ni CuZn RbSr Y Zr Nb Mo Ba Sn
DARK BROWN, ORGANIC  |ALMOST ONLY ROUNDED AND SUBANGULAR ITOTAL 97 1754 16 308 14308 7 <5 <5 <5 151 19 58 524 20 <5 243 52
RICH, ORTHIC A QUARTZ GRAINS (SLIGHTLY STAINED WITH >2 14.7) 44 730 5 10 3822 <5 <5 <5 <5 76 8 20 200 9 <5 104 12
Ay {o.15|HORIZON WiTH WEAKLY {RON OXIDES); NO FELDSPAR AND BIOTITE;.425-2 42.8/108 1413 6 61 9933 <5 <5 <5 <5 136 14 42 341 15 <5 199 52
STRUCTURED SOILS. MINOR KAOLINITE AND OTHER CLAY .180-.425]26.9(176 2603 11 86 15612 <5 <5 <5 <5 223 20 71 587 26 <5 337 97
MINERALS. H.M— GH, HEM, MAG, ILM, .075-,180[10.3[166 2636 17 133 19385 9 <5 <5 <5 202 22 104 1050 28 <5 313101
LIM AND ZR. <.075] 5.3]296 4058 20 232 22822 11 9 <5 8 219 30 166 1645 38 <5 390 63
LI1GHT COLOURED, LOOSE [ALMOST ONLY ROUNDED AND SUBANGULAR OTAL B6 1671 16 48 15265 <5 <5 <5 <5 151 16 61 497 20 <5 211 51
STRUCTURED, HORIZON OF|QUARTZ GRAINS; NO FELDSPAR AND >2 18.31 48 698 7 131 6251 <5 <5 <5 <5 82 19 21 181 9 <5190 29
A2(e10.3 |MAXIMUM ELUVIATION. BIOTITE; TRACES OF KAOL INITE AND .425-2 50.8) 93 1626 6 10 9306 <5 <5 <5 <5 143 12 48 402 17 <5 210 59
OTHER CLAY MINERALS. H.M.- GH, MAG, |.180-.425[21.8/148 2582 16 53 20200 <5 <5 <5 <5 224 20 80 645 26 <5 333 93
ILM, LIM AND ZR. .075-.180] 5.7/124 2609 12 40 16249 8 <5 <5 <5 191 17 101 1007 25 <5 294 94
<.075} 5.2|203 4167 12 94 21417 13 <5 7 <5 212 24 169 1667 38 <5 351 71
ZONE MARKED BY QUARTZ [NAINLY ROUNDED AND SUBANGULAR QUARTZ ~TrOTAL 66 T349 16 10 TOA3E <5 <5 <5 <5 128 11 43 373 14 <5 197 45
PEBBLES, ROCK DEBRIS |[PEBBLES; GOETHITE PELLETS; MINOR >2 60.6 27 543 11 10 4125 <5 <5 <5 <5 61 6 13 131 B <5 89 25
P 0.4 |[AND IRON OXIDES. KAOLINITE, ILLITE AND OTHER MIXED . 425-2 19.00 63 1082 9 64 10632 <5 <5 <5 <5 107 11 33 267 13 <5 146 30
LAYERED CLAYS; NO FELDSPAR AND .180-.425 lo.ﬂ|25 2673 16 29 20327 8 <5 <5 <5 217 17 B3 652 27 <5 325124
BIOTITE. H.M.- GH, HEM, MAG, ILM, .075-.180( 5.9(228 3473 26 94 35967 18 17 16 21 207 17 114 930 30 <5 274 712
LIM AND ZR. <.075| 4.2[220 3975 23 102 30513 18 15 20 20 225 22 153 1328 35 <5 333 59
RED SOFT PLINTIC B QUARTZ (ANGULAR AND SUBANGULAR) OTAL 93 1864 19 51 21624 14 <5 B8 B 97 11 60 422 Z1 <5 119 31
HORIZON WHICH STILL STAINED WITH IRON OXIDES; NO FRESH >2 51.2( 81 1399 14 37 14933 9 <5 <5 <5 69 7 38 302 15 <5 95 22
B2(R10.9 [PRESERVES THE GRANITIC|FELDSPAR OR BIOTITE; ENRICHED IN . 425-2 29.30122 2303 11 77 19809 12 <5 6 <5 128 10 61 464 20 <5 174 43
STRUCTURE. (ZONE OF |KAOLINITE, ILLITE AND OTHER CLAY .180-.425] 8.1]180 3229 26 87 32927 19 13 15 18 207 17 103 775 30 <5 280 42
JLLUV IATION) . MINERALS; IRON OXIDES. H.M.- HEM, .075-.180} 6.31191 3590 17 99 30516 20 6 16 19 230 18 125 1072 32 <5 342 38
GH, MAG, ILM, LIM AND ZR. <.075] 5.1/218 3889 37 109 39168 29 25 28 24 210 16 129 1186 30 <5 280 26
WHITISH-GREY HORVZON JOUARTZ (ANGULAR AND SUBANGULCANT; DTAL T4 1972 14 43 16007 10 <5 <5 <5 168 14 65 401 21 <5 280 30
'CONTAINING MUCH CLAY |ALTERED FELDSPAR AND BIOTITE; >2 36.40 71 1168 <5 47 9973 <5 <5 <5 <5 113 9 37 204 12 <5 181 13
B3 [1.4 |MINERALS. THE GRANITIC|WHITE CONCRETIONS OF MAINLY . 425-2 34.1 97 1769 12 61 16594 6 <5 <5 <5 179 16 58 335 21 <5 296 33
STRUCTURE 1S STILL PRE|KAOLINITE. H.M. - MAG, ILM, LiM, .180-.425[15.7]172 3594 15 74 27737 17 <5 14 9 256 18 110 708 33 <5 398 39
SERVED. GH, HEM AND ZR. .075-.180) 7.2/191 3590 17 B89 27516 20 6 10 7 230 18 125 1002 32 <5 342 38
<.075| 6.6/202 3977 32 102 32973 23 28 21 24 232 20 142 1037 35 <5 313 32
BROWN WEATHERED QUARTZ; KAOLTNISED, TCUTTTSED AND
BEDROCK. HEMATITISED FELDSPARS; CHLORITISED
c 1.5 |(UNCONSOL IDATED) . AND HEMATITISED BIOVITE. H.M.- HEM, 87 1710 6 154 14133 11 <5 <5 <5 303 58 140 265 29 <5 633 22
MAG, ILM AND ZR.
SLIGHTLY WEATHERED QUARTZ ; SERICITISED AND KAOL INISED
MAKHUTSO GRANMITE. POTASH FELDSPAR AND PLAGIOCLASE ;
R 1.5 THE BIOTITE 1S CHLORITISED. 72 1407 <5 100 8890 <5 <5 <5 <5 348 83 211 227 27 <5 726 23
H.M. - MAG, ILM, HEM AND ZR.

Description, mineralogy and trace element geochemlstry of weathering
profile 26 on the grey Makhutso Granite.




APPENDIX A: (CONT IHUED)
> .
o 9% GRAIN
I S1ZE -
£o [~ 3 wPESCRIPTION MINERALOGY (mm) . — GEGCHEMICAL DATA (PPM)
I— |zToo b= oo
<g kN s
WT (W w w |P Ti V Mn Fe Co MI Cu Zn Rb Sr ¥ Zr Nb Mo Ba Sp W PbTh U
= oxo x=
ARK BROWN, ORGANIC ALMOST ONLY ROUNDED AND SUBANGULAR TOTAL 115 1598 14 120 13043 <5 <5 <5 <5 99 12 43 460 15 <5 118109 <5 18 20 <5
RICH, ORTHIC A QUARTZ GRAINS (SLIGHTLY STAINED WITH >2 153.4 86 919 7 37 B374 <5 <5 <5 <5 47 <5 19 236 8 <5 53 22 <5 17 <5 <5
Ay 0.15 HORIZON WITH WEAKLY IRON OXIDES); NO FELDSPAR AND BIOTITE;|.425-2 43,4120 1381 9 81 9625 <5 <5 <5 <5 85 9 30 308 12 <5 113 64 <5 14 10 <5
ISTRUCTURED SOILS. MINOR KAOL INITE AND OTHER CLAY .180-.425[26.9189 2269 16 146 15436 <5 <5 <5 <5 144 14 S1 511 17 <5 190 68 <5 31 21 8
MINERALS. H.M- GH, HEM, MAG, ILM, .075-.180|10.4240 2605 12 152 16335 <5 <5 5 5 127 16 71 834 20 <5 197 70 <5 25 23 8
LIM AND ZR. <.075] 5.4300 4249 14 250 20114 12 <5 12 5 148 23 121 1422 30 <5 275 70 <5 17 38 16
L IGHT COLOURED, LOOSE |[ALMOST ONLY ROUNDED AND SUBANGULAR TOTAL 81 1599 21 52 10125 <5 <5 <5 <5 98 11 44 467 16 <5 132 62 <5 71 19 5
STRUCTURED, HORIZON OF [QUARTZ GRAINS; NO FELDSPAR AND >2 13.9 57 776 10 52 7826 <5 <5 <5 <5 45 S5 19 215 7 <5 40 12 <5 19 <5 <5
A2(E10.3 MAXIMUM ELUYIATION. BIOTITE; TRACES OF KAOLINITE AND .425-2 45.8100 1422 7 56 7917 <5 <5 <5 <5 84 7 31 326 10 <5 114 38 <5 21 7 <5
OTHER CLAY MINERALS. H.M.- GH, MAG, .180-.425126.21176 2475 15 85 16400 <5 <5 <5 <5 143 13 55 529 18 <5 211 75 <5 25 20 <5
1LM, LIM AND ZR. .075-.180| 8.9171 2673 14 83 14129 <5 <5 <5 <5 124 13 68 792 19 <5 200 62 <5 20 21 7
<.075] 5.2224 4007 22 147 22545 13 17 16 15 149 19 122 1402 29 <5 250 62 <5 21 39 16
ZONE MARKED BY QUARTZ |MATNLY ROUNDED AND SUBANGULAR QUARTZ [TOTAL 76 1159 9 55 11782 <5 <5 <5 <5 66 8 32 324 8 <5 53 45 <5 26 10 <5
PEBBLES, ROCK DEBRIS PEBBLES; GOETHITE PELLETS; MINOR >2 44.4 77 648 19 36 13083 <5 <5 <5 <5 27 <5 13 142 7T <5 26 28 <5 22 <5 <5
[4 0.6 JAND IRON OXIDES. KAOL INITE, ILLITE AND OTHER MIXED .425-2 30.4108 1529 10 47 12302 <5 <5 <5 <5 76 7 32 320 10 <5 79 25 <5 23 9 <5
LAYERED CLAYS; NO FELDSPAR AND .180-.42512.5/191 2880 22 56 20233 7 9 9 <5 137 10 63 598 17 <5 185 51 <5 25 23 <5
BIOTITE. H.M.- GH, HEM, MAG, ILM, .075-.180| 7.31219 3345 28 108 26347 11 44 15 14 137 13 92 990 22 <5 192 47 <5 29 30 10
LIM _AND ZR. <.075] 5,4]228 4043 35 122 30458 21 8 26 12 154 14 109 1122 26 <5 235 32 <5 26 37 10
kcn SOFT PLINTIC B |QUARTZ (ANGULAR AND SUBANGULAR) TOTAL 130 1950 21 48 21395 5 <5 6 <5 61 6 39 396 14 <5 69 36 <5 7 14 <5
HORIZON WHICH STILL STAINED WiTH IRON OXIDES; NO FRESH >2 37.50 92 890 15 35 13255 <5 <5 <5 <5 2B <5 {7 176 8 <5 <5 15 <5 22 5 <5
B2(R{1.0 |PRESERVES THE GRANITIC|{FELDSPAR OR BIOTITE; ENRICHED IN .425-2 35.3(174 2298 11 74 19995 <5 <5 6 <5 79 6 43 426 15 <5 114 46 <5 20 14 <5
ISTRUCTURE. (ZONE OF KAOLINITE, ILLITE AND OTHER CLAY .180-.425(12.4/223 3316 34 116 30353 11 20 15 14 143 12 718 734 21 <5 194 59 <5 33 32 7
JILLUYIATION) . MINERALS; IRON OXIDES. H.M.- HEM, .075-,180] B8.4{245 3840 33 97 31661 17 55 18 9 134 11 93 1052 25 <5 199 42 <5 28 33 ¢
GH, MAG, ILM, LIM AND ZR. <.075] 6.4/262 4232 39 158 37292 31 98 29 26 148 13 108 1056 27 <5 193 26 <5 23 41 12
WHITISH-GREY HORIZON |QUARTZ (ANGULAR AND SUBANGULAR); OTAL 126 1701 16 42 16894 6 10 12 10 126 10 38 342 17 <5 138 29 <5 24 23 5
CONTAINING MUCH CLAY |[ALTERED FELDSPAR AND BIOTITE; >2 54.9] 72 1116 15 35 12869 <5 <5 <5 <5 64 <5 20 183 10 <5 68 16 <5 25 10 <5
83 1.4 MIMERALS. THE GRAMITIC|[WHITE CONCRETIONS OF MAINLY .425-2 20.3]112 1982 17 63 20422 <5 10 12 9 160 10 38 2B8 15 <5 193 44 <5 35 23 <5
ISTRUCTURE 1S STILL PRE[KAOLINITE. H.M. - MAG, ILM, LIM, .180-.425} 8.6[133 3113 20 104 30046 14 S5 23 8 265 17 66 529 24 <5 323 44 <5 37 45 7
SERVED. GH, HEM AND ZR. .075-.180 8.3]137 2929 33 103 30371 14 29 19 16 205 15 82 850 22 <5 236 34 <5 31 41 9
<.075| 7.9/141 3357 35 129 32668 26 84 30 18 216 13 94 882 24 <5 255 26 <5 33 49 10
BROWN WEATHERED QUARTZ; KAOLINISED, ILLITISED AND
BEDROCK . HEMATITISED FELDSPARS; CHLORITISED
c 1.5 |(UNCONSOL IDATED) . AND HEMATITISED BIOTITE. H.M.- HEM, 112 1550 <5 74 13834 <5 <5 10 <5 392 18 44 234 18 <5 346 25 <5 34 37 5
MAG, ILM AND ZR.
SL IGHTLY WEATHERED QUARTZ; SERICITISED AND KAOLINISED
MAKHUTSO GRANITE. POTASH FELDSPAR AND PLAGIOCLASE;
[ 1.5 THE BIOTITE 1S CHLORITISED. 113 1323 <5 115 14329 <5 <5 7 10 427 56 76 193 25 <5 441 22 <5 27 37 1
H.M. - MAG, ILM, HEM AND ZR.

Description, mineralogy and trace element.geochemistry of weathering
protile 27 on the grey Makhutso Granite.
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APPENDIX A: (CONTIHUED)
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Fx |z@o ©
=9 ™ b -
=T Wy * |p Ti V Mn Fe Co Nl CulZn RbSr Y Zr Nb Mo BaSn W Pb Th
DARK BROWN, ORGANIC ALMOST ONLY ROUNDED AND SUBANGULAR TOTAL 121 1637 25 139 16554 <5 <5 23 15 69 11 49 468 15 <5 74141 <5 58 21
RICH, ORTHIC A QUARTZ GRAINS (SLIGHTLY STAINED WITH >2 21.24 99 1055 11 89 10211 <5 <5 14 5 44 6 24 257 8 <5 31 32 <5 56 6
A4 0.15 HORIZON WITH WEAKLY IRON OXIDES); NO FELDSPAR AND BIOTITE;|.425-2 291117 1353 13 141 1241 <5 <5 17 13 53 8 30 294 11 <5 56 94 <5 68 9
KTRUCTURED SOILS. MINOR KAOL INITE AND OTHER CLAY .180-.425) 26 .4173 2092 13 172 16175 <5 <5 28 11 B2 B8 46 405 16 <5 99111 <5 63 16
MINERALS. H.M- GH, HEM, MAG, 1LM, 1.075~-.180| 14.6208 2496 17 203 18613 <5 <5 30 20 69 14 79 854 20 <5 116125 <5 69 27
LIM AND ZR. <.075| 8.7287 4320 36 310 28177 17 9 67 28 134 21 131 1466 31 <5 215166 <5 86 44
TGHT COLOGRED, LOOSE [ALMOST ONLY ROUNDED AND SUBANGULAR TOTAL 109 1682 13 80 13365 <5 <5 33 11 64 8 40 395 14 <5 69111 <5 64 21
KTRUCTURED, HORIZON OF [QUARTZ GRAINS; NO FELDSPAR AND >2 25.4100 1298 12 75 13557 <5 <5 22 12 52 7 30 288 12 <5 37159 <5 84 14
AZ(EJ0.3 MAXIMUM ELUVIATION. BIOTITE; TRACES OF KAOLINITE AND .425-2 32.3 69 821 10 48 10337 <5 <5 9 <5 34 <5 17 180 <5 <5 23111 <5 62 <5
OTHER CLAY MINERALS. H.M.- GH, MAG, .180-.425)29.4168 2519 19 116 21253 <5 <5 40 25 91 10 61 497 19 <5 124133 <5 61 24
ILM, LIM AND ZR, L075-.180| 8.5154 2618 17 110 18504 6 <5 40 11 89 11 81 872 19 <5 129119 <5 62 25
<.075] 4.4231 3905 35 180 29014 11 15 58 31 124 17 122 1347 28 <5 179109 <5 80 38
Z |NATALY ROUNDED AND SUBANGULAR QUARTZ [TOTAL 100 1372 20 64 27345 7 <5 44 15 49 7 37 301 12 <5 41 38 <5 6t 16
PEBBLES, ROCK DEBRIS [PEBBLES; GOETHITE PELLETS; MINOR >2 70.i146 1150 99 499 74479 22 <5 127 14 38 6 23 192 8 <5 117 <5 <5 148 25
P 0.6 JND IRON OXIDES, KAOLINITE, ILLITE AND OTHER MIXED .425-2 11.8119 1578 20 97 22155 <5 <5 40 16 56 7 34 312 11 <5 56 16.<5 105 14
LAYERED CLAYS; NO FELDSPAR AND .180-.425| 8.3190 3286 34 126 33255 16 <5 B84 31 112 11 76 683 22 <5 143 40 <5 77 34
BIOTITE. H.M.- GH, HEM, MAG, ILM, .075-.180| 6.6(245 3632 36 147 36827 13 15 B1 42 120 12 88 866 23 <5 171 97 <5 74 34
LIM AND ZR, <.0715] 2.9d223 4210 55 171 46418 2B 22 125 50 148 14 108 1026 28 <5 188 62 <5 90 47
ED SOFT PLINTIC B QUARTZ (ANGULAR AND SUBANGULAR) TOTAL 87 2333 26 67 24048 B <5 56 1 55 6 40 376 15 <5 59 34 <5 41 16
HORIZON WHICH STILL STAINED WITH IRON OXIDES; NO FRESH >2 46.7] 98 1339 26 88 23506 <5 <5 45 11 39 5 23 222 10 <5 30 29 <5 54 8
B2(R]1.4 PRESERVES THE GRAMITIC|FELDSPAR OR BIOTITE; ENRICHED IN .425-2 28.6/123 2350 25 107 2B473 <5 <5 62 10 61 7 41 376 14 <5 81 26 <5 713 16
STRUCTURE. (ZONE OF KAOL INITE, ILLITE AND OTHER CLAY .180-.425 9.4188 3606 47 183 43284 20 15 90 43 121 13 86 776 26 <5 150 45 <5 78 44
ILLUVIATION) . MINERALS; IRON OXIDES. H.M.- HEM, .075-.180| 8.3201 4029 34 161 40586 19 11 99 33 119 11 94 989 25 <5 161 59 <5 78 37
GH, MAG, 1LM, LIM AND ZR. <.075/ 6.5212 4596 57 220 50269 23 28 115 56 142 16 109 1086 31 <5 184 61 <5 86 49
WHITISH-GREY HORTZON [QUARTZ (ANGULAR AND SUBANGULAR); TOTAL G4 2238 20 67 237267 1T <5 T7 25 120 17 53 317 72 <5 186 19 <5 64 30
ONTAINING MUCH CLAY |ALTERED FELDSPAR AND BIOTITE; >2 39.7] 64 1144 18 41 16413 <5 <5 52 <5 50 6 24 203 11 <5 66 24 <5 53 11
83 [1.6 MINERALS. THE GRANITIC{WHITE CONCRETIONS OF MAINLY .425-2 26.8 79 1904 14 118 17387 <5 <5 67 22 92 12 36 268 18 <5 154 23 <5 70 22
+C STRUCTURE IS STILL PRE{KAOLINITE. H.M. - MAG, ILM, LIN, .180-.425/ 14,3103 3212 25 159 31389 13 <5 134 30 203 22 68 478 27 <5 337 25 <5 92 48
SERVED. GH, HEM AND ZR. L075-.180] 8.5116 3260 32 150 34924 13 20 124 42 180 21 83 702 30 <5 291 44 <5 69 41\
<.075(10.7(105 3257 32 129 34471 24 12 187 51 180 19 94 779 32 <5 256 48 <5 71 41
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Description, mineralogy and trace element geochemistry of weathering
profile 28 on the grey Makhutso Granite.




Description, mineralogy and frace element geochemistry of weathering

profile 29 on the grey Makhutso Granjte.
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APPEHDIX A: (CONTINUED)
P> .
© S<z GRAIN "
Z: o2~ S1ZE
23 |- 2 wpESCRIPTION MINERALOGY (mm) . *5' GEOCHEHICAL DATA (PPM)
g [E°R :
2 58 . = v M £ Co NI CuZn RbSF Y Zr Nb Mo Ba § WPbTh U
= =) . P TI n e 4} uln r r o Ba Sn
DARK BROWN, ORGANIC JALMOST ONLY ROUNDED AND SUBANGULAR TOTAL 130 1734 21 101 13991 <5 <5 8 15 B84 12 45 521 16 <5 135127 <5 21 16 <5
RICH, ORTHIC A IQUARTZ GRAINS (SLIGHTLY STAINED WITH >2 11.7] 87 820 29 32 15070 <5 <5 5 <5 34 5 15 197 9 <5 53 32 <5 28 <5 <5
Ay 0.15 HORIZON WITH WEAKLY IRON OXIDES); NO FELOSPAR AND BIOTITE;|.425-2 45.4/131 1552 12 76 11428 S5 <5 6 <5 63 8 29 340 13 <5 100120 <5 24 8 <5
STRUCTURED SOILS. MINOR KAOLINITE AND OTHER CLAY C180-.425| 22.01175 2203 9 113 11854 <5 <5 <5 <5 119 12 45 470 16 <5 218185 <5 34 15 <5
MINERALS. H.M- GH, HEM, MAG, LM, S075-.180] 13.3]207 2631 17 117 14973 8 <5 10 10 122 15 76 920 22 <5 227143 <5 24 21 6
L IM AND ZR. <.075| 7.6|310 4615 12 249 21919 17 <5 18 10 148 23 115 1442 31 <5 324 76 <5 35 37 12
TGHT COLOURED, LOOSE JALMOST ONLY ROUNDED AWND SUBANGULAR TOTAC 88 1910 18 45 135498 10 <5 10 <5 85 10 44 535 18 6 136165 10 1015 <5
STRUCTURED, HORIZON OF QUARTZ GRAINS; NO FELDSPAR AND >2 17.11109 1160 26 166 16717 <5 <5 7 <5 44 6 23 279 11 <5 92154 <5 46 7 <5
A2(EY0.3 MAXIMUM ELUVIATION. BIOTITE; TRACES OF KAOLINITE AND .425-2 42.6/103 1439 12 17 8099 <5 <5 <5 <5 62 6 29 353 11 <5 87 49 <5 34 5 <5
DTHER CLAY HINERALS. H.M.- GH, MAG, .180-.425| 26 .6{168 2481 8 78 15608 8 <5 12 11 125 12 50 538 19 <5 211200 <5 22 19 5
ILM, LIM AHD ZR. .075-.180 9.4{178 3027 8 B4 14246 7 <5 B <5 122 14 79 987 22 <5 236 99 <5 24 23 5
<.075| 4.3204 4196 17 168 22978 11 8 19 15 139 21 121 1563 30 <5 279 80 <5 22 38 14
PONE MARKED BY QUARTZ MAINLY ANGULAR AND SUBANGULAR QUARTZ [TOTAL 101 1700 28 66 21686 0 <5 VI~ B 71 8 39 444 15 <5 111180 <5 20 135
PEBBLES, ROCK DEBRIS |PEBBLES; GOETHITE PELLETS; MINOR >2 61.3118 827 32 33 23799 5 <5 5 <5 25 <5 62 160 7 <5 29 16 <5 26 <5 <5
P 0.6 |ND IRON OXIDES. KAOL INITE, ILLITE AND OTHER MIXED .425-2 18.4101 1489 18 35 12484 <5 <5 8 5 54 5 26 292 12 <5 83209 <5 32 6 <5
LAYERED CLAYS; NO FELOSPAR AND .180-.425| 8.6/1158 3046 14 41 19179 9 <5 21 10 129 10 61 651 22 <5 221170 <5 25 21 <5
BIOTITE. H.M.- GH, HEM, MAG, ILM, .075-.180| 6.2187 3489 19 103 25164 8 5 15 13 134 14 91 1081 24 <5 240 80 <5 29 30 8 —
LIM AND ZR. <.075) 5.5/203 4705 20 93 28801 22 8 32 17 148 15 108 1283 32 <5 264 94 <5 21 38 9 e
RED SOFT PLINTIC B QUARTZ (ANGULAR AND SUBANGULAR} ITOTAL 100 2575 22 120 24838 12 <5 16 8 90 9 52 591 19 <5 156 70 <5 32 20 <5 v
HOR1ZON WHICH STILL STAINED WITH IRON OXIDES; NO FRESH >2 53.5 87 1350 26 71 20663 5 <5 12 7 41 5 22 242 11 <5 54 31 <532 9 <5
Bp(RJ1.2 PRESERVES THE GRANITIC FELDSPAR OR BIOTITE; ENRICHED IN .425-2 ZB.jIOZ 2685 20 107 22772 14 <5 22 10 89 7 46 491 19 <5 139 45 <5 31 17 <5
KTRUCTURE. (ZONE OF KAOLINITE, ILLITE AND OTHER CLAY .180-.425) B8.8/144 3607 29 172 31291 16 7 28 26 138 12 7t 7138 25 <5 233 5) <5 43 30 5
ILLUYIATION) . MINERALS; IRON OXIDES. H.M.- HEM, .075-.180] 5.4/153 3909 16 136 27262 19 <5 25 12 129 12 91 109t 26 <5 214 63 <5 30 32 6
GH, MAG, ILM, LiIM AND ZR. <.0750 5.6/174 4757 31 218 36193 25 17 39 34 142 15 106 1242 33 <5 259 47 <5 30 41 11
WHITISH-GREY HORIZON JQUARTZ (ANGULAR AND SUBANGULARY; ITOTAL 101 2441 26 113 23765 11 <5 21 14 149 14 58 571 21 <5 323 60 <5 46 23 <5
CONTAINING MUCH CLAY J|ALTERED FELDSPAR AND BIOTITE; >2 36.4] 89 1183 29 80 22534 <5 <5 16 <5 107 8 25 169 11 <5 303 22 <5 93 11 <5
B3 1.9 MINERALS. THE GRANITIC [WHITE CONCRETIONS OF MAINLY .425-2 34.1 89 1994 28 103 24906 <5 <5 22 13 171 14 42 318 16 <5 408 41 <5 62 20 <5
STRUCTURE 1S STILL PREKAOLINITE. H.M, - MAG, ILM, LIiNM, L180-.425{ 11.4/132 3365 20 151 26815 13 <5 30 12 191 14 71 627 24 <5 398 44 <5 53 28 <5
ISERVED. GH, HEM AND ZR. .075-.180| 9.8/145 3540 17 133 22406 10 <5 20 12 148 16 95 1056 28 <5 312 55 <5 38 33 9
<.075] 8.3]164 5110 11 193 24646 16 <5 23 6 153 18 127 1519 37 <5 333 41 <5 44 43 13
ROWN WEATHERED QUARTZ; KAOLINISED, ILLITISED AND TOTAL 99 1942 15 111 2562 6 <5 16 8 192 25 1712 389 21 <5 420 45 <5 23 23 <5
BEDROCK . HEMATITISED FELDSPARS; CHLORITISED >2 31.5101 963 19 76 23567 <5 <5 13 <5 143 14 37 78 10 <5 403 13 <5 56 12 <5
c 2.1 |(UNCONSOL IDATED). AND HEMATITISED BIOTITE. H.M.- HEM, .425-2 27.1 89 1562 18 93 25162 <5 <5 19 6 201 22 58 173 17 <5 513 35 <5 37 19 <5
MAG, ILM AND ZR. .180-.425|23.9/135 2943 10 142 27102 11 <5 25 6 232 21 83 456 23 <5 501 37 <5 34 27 <5
.075-.180| 8.3/149 3156 8 131 23562 8 <5 16 7 178 25 102 852 27 <5 415 45 <5 21 31 9
: <.075] 9.2172 4652 6 178 25512 11 <5 17 <5 185 29 135 1256 35 <5 443 36 <5 35 39 12
EATHERED QUARTZ; SERICITISED AND KAOL INISED
;AKHUTSO GRANITE. POTASH FELDSPAR AND PLAGIOCLASE;
R 2.1 ITHE BIOTITE 1S CHLORITISED. 100 1060 <5 103 3324 <5 <5 <5 <5 259 69 95 215 22 <5 580 27 <5 21 23 5
H.M. - MAG, ILM, HEM AND ZR,




. APPENDIX A: (CONTINUED)
1> =
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DARK BROWN, ORGANIC ALMOST ONLY ROUNDED AND SUBANGULAR TOTAL 98 1642 18 99 19541 <5 <5 <5 <5 153 15 53 578 17 <5 233 44 <5 36 25 6
RICH, ORTHIC A QUARTZ GRAINS (SLIGHTLY STAINED WITH >2 14.4] 71 1001 11 20 14196 <5 <5 <5 <5 97 8 30 319 10 <5 142 35 <5 34 9 <5
Aq 0.05 HORIZON WITH WEAKLY IRON OXIDES); NO FELDSPAR AND BIOTITE {.425-2 39.9/101 1214 5 53 11551 <5 <5 <5 <5 120 11 31 332 12 <5 173 29 <5 36 12 <5
STRUCTURED SOILS. MINOR KAOLINITE AND OTHER CLAY .180-.425] 28.3[131 2075 <5 106 16251 <5 <5 <5 <5 192 ¥5 56 596 19 <5 312 77 <5 31 24 <5
MINERALS. H.M- GH, HEM, MAG, ILM .075-.180| 11.9{153 2099 11 141 17740 <5 <5 <5 <5 188 17 79 978 19 <5 356 65 <5 38 24 7
AND ZR. <.075] 5.5]179 3180 13 191 16750 <5 <5 <5 <5 216 24 130 1717 25 <5 494 41 <5 39 35 15
L IGHT COLOURED, LOOSE |ALMOST ONLY ROUNDED AND SUBANGULAR TOTAL 90 1632 16 30 17342 5 <5 <5 <5 147 12 50 555 16 <5 235 44 <5 22 18 5
ISTRUCTURED, HORIZON OFJQUARTZ GRAINS; NO FELDSPAR ARD >2 16.6| 68 894 13 30 22583 5 <5 <5 <5 90 8 26 262 10 <5 143 29 <5 39 8 <5
A2(E]0.1 MAXIHUM ELUYIATION. BIOTITE; TRACES OF KAOLINITE AND .425-2 40.2| 82 1336 <5 28 10735 <5 <5 <5 <5 126 10 36 388 13 <5 192 39 <5 271 9 <5
OTHER CLAY MINERALS. H.M.- GH, HAG, .180-.425[29.1{124 2109 10 82 19923 <5 <5 <5 <5 196 15 62 652 19 <5 325 83 <5 35 21 6
ILM AND ZR. .075-.180| 9.4[126 2165 <5 30 13456 <5 <5 <5 <5 183 15 73 902 20 <5 366 89 <5 20 24 5
<.075] 4.7172 3137 16 105 20349 7 6 <5 7 222 22 122 1489 26 <5 475 55 <5 37 36 15
ONE MARKED BY QUARTZ [MAINLY ANGULAR AND SUBANGULAR QUARTZ [TOTAL 94 1641 11 33 20516 <5 <5 7 <5 153 11 48 515 9 <5 221 34 <5 3t 18 1
EBBLES, ROCK DEBRIS |PEBBLES; GOETHITE PELLETS; MINOR >2 51.50 51 821 6 35 23512 <5 <5 <5 <5 89 9 20 246 15 <5 136 45 <5 39 9 <5
P 0.2 AND IRON OXIDES. KAOLINITE, ILLITE AND OTHER MIXED .425-2 27.8| 83 1534 6 31 12735 <5 <5 <5 7 134 11 39 351 15 <5 197 54 <5 40 12 <5
LAYERED CLAYS; WEATHERED ROCK .180-.425(10.4/184 2751 10 91 21516 <5 <5 7 6 197 17 81 631 19 <5 340 93 <5 56 31 1
DEBRIS. H.M.- GH, HEM, MAG, ILM .075~.180| 6.11201 3215 19 34 17345 9 <5 12 <5 179 15 109 852 25 <5 385 83 <5 41 36 11
AND ZR. <.075 6.2{221 3956 22 111 23515 16 7 16 9 201 24 161 1276 32 <5 501 60 <5 37 42 11
BROWN-RED HORIZON QUARTZ (ANGULAR AND SUBANGULAR) TOTAL 64 1945 6 120 37348 14 <5 <5 13 259 12 59 523 22 <5 610 <5 <5 34 28 5
CONTAINING HIGHLY STAINED WITH IRON OXIDES; ALTERED >2 32.5| 64 1953 8 123 36421 13 <5 <5 15 240 15 49 462 24 <5 593 <5 <5 33 27 <5
B(R) |[0.4 MWEATHERED BEDROCK FELOSPAR AND BIOTITE; GREYISH .425-2 31.2] B3 1740 8 141 31056 8 <5 <5 17 186 12 53 447 19 <5 392 10 <5 34 26 5
+ C MATERIAL . MATRIX OF KAOLINITE, ILLITE AND .180-.425(18.2| 94 2349 7 129 31290 11 <5 <5 17 209 13 65 591 21 <5 417 <5 <5 31 31 <5
OTHER CLAY MINERALS; IRON OXIDES. .075-.180 9.3|115 2133 15 145 28553 8 <5 <5 12 255 18 B84 B8B1 20 <5 585 9 <5 32 32 8
H.M. - HEM, GH, MAG, ILM AND ZR. <.075| 8.8|107 2220 17 143 33165 17 8 <5 18 337 19 90 913 20 <5 817 <5 <5 38 36 6
WEATHERED QUARTZ; ALTERED FELOSPARS AND
GRANOPHYRE . BIOTITE.
R 0.4 H.M.- HEM, MAG AND ZR. 46 1606 <5 114 24178 <5 <5 <5 34 301 49 B85 476 18 <5 1159<5 <5 29 29 7

Description, mineralogy and trace element geochemistry of weathering
profile 30 on the Stavoren Granophyre.
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DARK BROWN, ORGANIC ALMOST ONLY ROUNDED AND SUBANGULAR TOTAL 144 5955 28 158 21433 10 <5 31 52 87 11 55 456 17 <5 83 211 16 102 27 6|
RICH, ORTHIC A QUARTZ GRAINS (SLIGHTLY STAINED WITH >2 17.1)123 1211 18 93 28183 6 <5 53 42 80 10 33 248 12 <5 71 60 17 159 36 <5
Ay 0.2 HORIZON WITH WEAKLY IRON OXIDES); NO FELDSPAR AND BIOTITE.425-2 43.7|156 1565 19 153 16287 6 <5 25 36 69 9 39 328 14 <5 69 101 <5 113 18 <5
[STRUCTURED SOILS. MINOR KAOL INITE AND OTHER CLAY .180-.425(26.21215 2384 21 186 21173 12 <5 38 39 95 11 59 495 19 <5 117 145 <5 118 26 <5
: MINERALS. H.M- GH, HEM, MAG, (LM .075-.180( 8.4[255 2812 23 219 24776 10 <5 38 46 100 14 85 823 22 <5 117 136 <5 105 29 9
AND ZR. <.075| 4.6/285 3746 34 310 28249 19 5 59 59 137 21 1181138 25 <5 184 103 <5 138 40 13
L TGHT COLOURED, LOOSE JAL AR TOTAL TO5 1548 24 01 32697 14 <5 27 58 109 71 48 401 13 <5 88 201 8 112 19 5
STRUCTURED, HORIZON OF |QUARTZ GRAINS; NO FELDSPAR AND >2 23.11 99 1298 15 102 34923 10 <5 47 103 135 7 38 229 17 <5 74 58 12 251 17 <5
A2(EJ0.3 MAXIMUM ELUVIATION. BIOTITE; TRACES OF KAOLINITE AND .425-2 46 .21124 1616 12 75 14733 <5 <5 28 24 67 7 41 348 14 <5 65 152 25 115 14 <5
OTHER CLAY MINERALS. H.M.- GH, MAG, .180-.425|21.3]196 2445 25 109 23676 10 <5 37 43 91 10 62 521 20 <5 95 173 <5 104 28 5
ILM AND ZR. .075-.180| 5.7|209 2796 19 91 21192 11 <5 44 33 92 10 78 805 2t <5 122 131 <5 88 26 5
<.075 3.7|277 3904 31 167 31710 18 13 58 65 134 16 1181166 28 <5 167 113 <5 114 42 1
ONE MARKED BY QUARTz‘FﬁﬁTRY ROUNDED AND SUBANGUUAR QUARTZ (TOTAL 11V 1578 17 203 28927 B <5 86 131 176 B8 51 351 17 <5 151 41 6 104 23 <9
PEBBLES, ROCK DEBRIS |PEBBLES; GOETHITE PELLETS; MINOR >2 64.3(121 1376 20 599 54907 15 <5 147 235 315 8 63 233 20 <5 218 18 10 239 27 <
P 0.6 JAND IRON OXIDES. KAOL IKRITE, ILLITE AND OTHER MIXED .425-2 16.71126 1579 14 119 18701 <5 <5 63 59 91 7 40 298 13 <5 69 175 <5 102 14 <9
LAYERED CLAYS; NO FELDSPAR AND .180-.425| 7.7195 2666 19 111 24568 12 <5 79 46 102 9 65 529 20 <5 116 140 <5 110 28 <5
BIOTITE. H.M.- GH, HEM, MAG, ILM .075-.180| 6.0{205 2942 25 119 27307 14 5 79 56 109 11 88 845 23 <5 125 121 <5 101 33
AND ZR. <.075| 5.3]253 3969 33 164 35661 21 9 93 74 158 14 1131053 26 <5 187 80 <5 123 45
QUARTZ (ANGULAR AWD SUBANGULAR) TOTAL 09 1608 15 542 36510 10 <5 199 203 242 8 67 302 19 <5 170 36 <5 286 25 <
HORIZON WHICH STILL STAINED WITH IRON OXIDES; NO FRESH >2 63.9] 96 1249 9 873 40850 10 <5 193 289 312 10 72 230 21 <5 258 30 <5 341 25 <
B2(R}1.2 PRESERVES THE GRANITIC|FELDSPAR OR BIOTITE; ENRICHED IN .425-2 21.3/112 1768 17 353 24515 9 <5 162 149 183 7 54 319 19 <5 159 80 <5 186 20 <5
STRUCTURE. (MAXIMUM KAOLINITE, ILLITE AHD OTHER CLAY L180~-.425| 6.4/179 2615 31 219 33219 13 7 162 114 169 11 76 563 23 <5 162 122 <5 150 35 6
LAY AND IRON ACCUMU- |[MINERALS; IRON OXIDES. H.M.- HEM, .075-.180| 4.7(236 3225 29 176 33848 15 <5 179 92 160 10 87 741 22 <5 175 B85 <5 121 34 6
ATION) . GH, MAG, ILM AND ZR. <.075] 3.7]256 3623 38 227 42586 23 20 191 131 214 15 109 912 27 <5 189 80 <5 138 46 11
1ORTZON CONTATNING QUARTZ (ANGULAR AND SUBANGULAR); TOTAL 63 1547 13 442 22895 6 <5 127 358 336 11 77 300 29 <5 231 31 <5 i35 40 <
REDDISH UNCONSOL IDATED|ALTERED FELDSPAR AND BIOTITE. >2 61.90 39 1244 6 644 16789 <5 <5 125 380 346 7T 69 232 22 <5 269 2} <5 184 22 <5
By |1.4 MNEATHERED BEDROCK WITH|H.M.- HEM, GH, MAG, ILM AND ZR. .425-2 26.2 66 1733 7 291 19142 8 <5 121 343 315 9 68 284 31 <5 201 59 <5 106 31 <5
GREEN AND WHITE .180-.425{ 3.8 83 1914 17 254 24561 12 <5 132 387 375 9 56 364 29 <5 232 85 <5 120 51 <5
CONCRETIONS OF CLAY .075-.180] 3.8121 1849 12 230 29527 11 <5 137 354 344 11 100 499 25 <5 239 50 <5 118 56 <5
MINERALS. <.075] 4.3] 94 1437 15 208 22994 11 <5 141 312 325 10 111 524 20 <5 250 45 <5 124 52 <5
€0 UNCONSOL IDATED QUARTZ; KAOUINTSED, TLLITISED AND TOTAL 34 1443 10 151 22521 5 <5 130 322 367 S5 80 255 22 <5 240 24 <5 81 31 <5
WEATHERED BEDROCK. HEMATITISED FELDSPARS; CHLORITISED
c 1.6 JGRANITIC STRUCTURE AND HEMATITISED BIOTITE. H.M.- HEM,
STILL PRESERVED. MAG, ILM AND ZR.

Description, mineralogy and frace element geochemistry of weathering

profite 31
a sulphide rich quartz

vein,

on altered (chioritised) Makhutso Granite next to

161




APPENDIX A: (CONTIHUED)

L x
2 < GRAIN w“
;g z ) SIZE -
wN S Y DESCRIPTION MINERALOGY (mm) . = GEOCHEMICAL DATA (PPM)
Ea @O w
<O @ =
Ty P TI ¥V Mn Fe Co NI Cu ZnRb Sr Y 2r Nb Mo Ba Sn W Pb Th U
DARK BROWN, ORGANIC ALMOST ONLY ROUNDED AND SUBANGULAR TOTAL 266 3114 41 111 38467 31 15 101 41 216 10 87 359 27 <5 146 221 <5 58 38 <5
RICH, ORTHIC A QUARTZ GRAINS (SLIGHTLY STAINED WITH >2 20.3|240 3833 47 126 53154 39 30 148 65 280 10 86 266 31 <5 174 91 <5 77 46 <5
Ay 0.15{HORIZON WITH WEAKLY IRON OXIDES); NO FELOSPAR AND BIOTITE ;|.425-2 38.5|244 3354 36 119 40565 27 14 107 42 219 9 74 278 25 <5 154 132 <5 70 36 <5
STRUCTURED SOILS. MINOR KAOL INITE AND OTHER CLAY .180-.425|32.4{240 2815 24 111 29374 19 <5 72 27 174 8 79 355 21 <5 135 256 <5 57 27 <Y
MINERALS. H.M- GH, HEM, MAG, ILM, .075-.180] 5.6|301 3713 33 171 37068 26 10 90 35 210 11 111 614 27 <5 178 180 <5 72 40 6
LIM, ZR AND CAS. <.075] 3.2|314 4372 44 193 41264 30 18 109 46 239 15 123 678 33 <5 196 166 <5 79 49 q
LIGHT COLOURED, LOOSE |ALMOST ONLY ROUNDED AND SUBANGULAR TOTAL ST 1491 22 59 17485 8 <5 23 13 114 8 64 399 16 <5 75 475 <5 26 21 <5
STRUCTURED, HORIZON OF |QUARTZ GRAINS; NO FELDSPAR AND >2 14.8| 74 928 18 47 28675 10 <5 30 28 201 6 41 179 15 <5 81 100 <5 32 21 <4
AZ(EX0.3 |{MAXIMUM ELUYIATION. BIOTITE; TRACES OF KAOLINITE AND -425-2 31.B| 96 1263 11 24 11882 <5 <5 18 9 90 7 44 259 14 <5 56 350 <5 23 15 <5
JOTHER CLAY MINERALS. H.M.- GH, MAG, .180-.425{34.3|109 1419 12 39 14407 <5 <5 23 12 100 7 55 311 16 <5 63 405 <5 17 18 <5
LM, LIM, ZR AND CAS. .075-.180112.6/187 2455 7 81 16785 B8 <5 27 14 124 10 92 641 21 <5 105332 <5 28 30 6
<.075] 6.5(240 4075 26 178 28535 15 9 47 29 191 16 162 1254 32 <5 206 315 <5 41 57 14
ZONE MARKED BY QUARTZ [MATNL UULAR QUARTZ  [TOTAL 120 1800 36 45 40000 10 <5 40 24 124 7 100 450 19 <5 80 950 <5 20 40 <5
PEBBLES, ROCK DEBRIS PEBBLES; GOETHITE PELLETS; MINOR >2 64.2|132 1200 52 33 44000 12 <5 35 6 118 <5 70 200 13 <5 45 800 <5 17 28 <5
P 0.45|AND JRON OXIDES. KAOLINITE, ILLITE AND OTHER MIXED .425-2 18.4/110 1400 26 31 26100 9 <5 29 20 120 <5 67 250 16 <5 64 550 <5 15 25 <5
PIECES OF VLAKLAAGTE LAYERED CLAYS; NO FELDSPAR AND .180-.425| 7.4[113 2400 29 29 28200 13 <5 36 21 130 <5 85 410 17 <5 110 600 <5 13 30 <9
GRANITE ARE RECOG- BIOTITE. H.M.~ GH, HEM, MAG, ILM, .075-.180| 5.4|170 3100 33 44 35300 18 16 39 36 150 7 130 710 23 <5 120610 <5 17 46 <5
NISED., LIM, ZR AND CAS. <.075| 4.6|192 3200 60 49 42600 30 21 53 40 200 8 134 670 25 <5 140 605 <5 19 52 <5
RED SOFT PLINTIC B QUARTZ (ANGULAR AND SUBANGULAR) TOTAL 104 1617 22 41 21631 15 <5 42 21 168 6 68 359 17 <5 79 2713 <5 24 28 <5 -
HORIZON WHICH STILL STAINED WITH IRON OXIDES; NO FRESH >2 57.2] 61 1797 15 30 14687 <5 <5 16 21 184 <5 44 160 12 <5 50 193 <5 20 16 <5 \O
B2(RX0.7 |PRESERVES THE GRANITIC |[FELDSPAR OR BIOTITE; ENRICHED IN .425-2 25.3{122 1797 15 34 21681 11 <5 44 23 169 <5 65 314 15 <5 81 299 <5 27 22 <5 N
STRUCTURE. GREISEN KAOL INITE, ILLITE AND OTHER CLAY .180-.425| B.5{165 2336 22 45 27276 17 <5 63 24 169 7 81 449 19 <5 96 340 <5 32 30 <5
VEINS ARE ARE STILL MINERALS; IRON OXIDES. H.M.- HEM, .075-.180| 4.9{218 3174 30 81 34970 21 8 82 34 202 9 103 659 22 <5 135228 <5 35 42 <5
PRESENT. GH, MAG, ILM, LIM, ZR AND CAS. <.075| 4.1{235 3833 4! 111 43362 31 21 108 48 259 12 129 789 28 <5 166 188 <5 45 55 7
WHITISH-GREY HORIZON QUARTZ UARGULAR AND SUBARGULART; TOTAL 120 1820 21 40 19000 13 <5 40 24 350 10 75 300 20 <5 95 250 <5 25 34 <5
CONTAINING MUCH CLAY ALTERED FELDSPAR AND BIOTITE. >2 58.1|136 1460 30 31 11000 11 <5 48 27 500 9 66 210 22 <5 80 170 <5 21 34 <5
B3 0.9 [MINERALS. THE GRANITIC [KAOLINITE IS ENRICHED IN THIS .425-2 21.4|120 1765 11 30 20200 10 <5 42 20 410 7 63 260 19 <5 71 260 <5 14 24 <5
STRUCTURE IS STILL PRE-JZONE. H.M. - MAG, ILM, LIN, .180-.425| B.1[175 2490 14 36 14100 9 <5 45 36 360 10 78 380 17 <5 73 260 <5 17 27 <5
SERVED AND THE GREISEN |GH, HEM, 2R AND CAS, .075-.180| 7.7|235 3634 29 38 21200 13 8 65 42 299 11 111 454 20 <5 130 241 <5 19 37 6
VEINS LESS ALTERED. <.075| 4.7[240 3843 45 52 27300 16 20 74 64 380 14 125 510 25 <5 162 212 <5 23 53 10
REDDISH-BROWN WEATHEREOIQUARTZ; KAOLINTSED, TLUTTTSED AND OTAL 15 2036 21 B9 25178 135 <5 40 23 411 10 88 233 20 <5 101 185 <5 29 40 <5
BEDROCK. GREISEN HEMATITISED FELDSPARS; CHLORITISED >2 61.8] 96 1257 9 42 13888 6 <5 23 24 354 <5 54 232 16 <5 60 104 <5 28 24 <5
c 1.6 |[VEINS ARE CUTTING AND HEMATITISED BIOTITE. H.M.- HEM, .425-2 15.8/135 2036 13 89 25178 11 <5 43 47 436 7 83 382 20 <5 98 166 <5 36 37 <5
THROUGH THE UNCON- MAG, ILM, ZR AND CAS. L180-.4251 7.3(213 3414 30 133 40565 18 14 80 64 473 9 105 312 25 <5 160 229 <5 40 50 <5
SOL IDATED MATERIAL. L075-.180| 9.4]231 3414 35 126 40565 21 17 78 51 447 10 123 406 24 <5 156 180 <5 47 59 7
<.075| 5.7{231 3776 51 141 45460 28 25 92 61 488 11 132 438 23 <5 170 145 <5 45 65 6
HIGHLY WEATHERED QUARTZ; SERICITISED AND KAOLINISED
GREY ) SH-RED POTASH FELDSPAR AND PLAGIOCLASE;
R 1.6 |MAKHUTSO GRANITE THE BIOTITE 1S CHLORITISED. 90 486 6 64 24479 <5 <5 50 41 504 11 90 110 15 <5 108 150 <5 34 23 <5
H.M. - MAG, ILM, HEM, ZR AND CAS.

Description, mineralogy and trace element geochemlstry of weathering
profite 32 on reddish-grey Makhutso Granite with greisen velins .
cutting through the granite.




APPENDIX Bz

MAJOR AND _TRACE ELEMENT DATA FOR THE DIFFERENT

ROCK-TYPES.

SQ’_‘FLE A 8 c D E F
ELEMENT 1 2 3 y 5 6 2 8 9 10 11 12 13 14 15 4 16 17
Sitk 74.96 78.28 |75.72 77.28 75.43| 77.63 77.35 | 72.60 |73.35 72.92 74.05 73.76 74.17 75.10 73.89 §74.00 75.00
Ti0z 0.23 0.22 0.19 D0.16 0.17 0.10 0.10 0.20 0.23 0.21 0.19 0.19 0.22 D.21 0.21 0.22 0.20
Alz 03 10.94 10.99 }11.96 11.21 12.15} 10.80 11.38 |12.23 {12.06 12.66 12.32 12.15 12.69 12.24 12.32 {12.19 11.69
Fex 0y 2.28 2.25 0.48 0.34 0.46 0.44 0.91 1.53 0.51 0.48 0.53 1.17 0.80 0.57 0.28 0.43 0.36
Feld 1.36 1.20 0.68 0.68 0.60 1.27 1.18 5.48 2.27 2.30 1.75 1.85 1.49 1.73 2.12 2.24 2.11
MnO 0.01 0.02 0.02 0.01 0.01 0.01 0.04 0.20 0.01 0.02 0.01 D.01 0.01 0.01 0.01 0.02 0.02
Mgo 0.01 0.01 0.10 0.08 0.19 0.01 0.09 0.15 0.20 0.14 0.20 0.17 0.07 0.20 0.15 0.11 0.15
Ca0 0.67 Q.47 1.02 0.82 0.99 0.38 0.25 0.06 1.06 0.96 0.97 0.87 0.59 0.94 0.88 0.81 0.85
Nap 0 3.42 3.52 3.68 3.56 3.98 2.75 2.72 0.01 3.14 3.16 3.47 3.24 3.54 3.16 3.79 3.10 3.30
te O 5.47 2.55 | 5.32 5.08 5.38| 5.317 5.04 | 5.43 | 5.64 5.62 5.36 5.40 5.3, 5.20 5.28 | 5.53 5.26
PzDS 0.01 0.01 0.02 0.04 0.03 0.01 0.01 0.01 0.03 0.04 0.27 0.03 0.04 p0.02 0.02 0.02 0.01
Cr, 05 0.01 0.01 0.01 0.02 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.017 0.01 0.01 0.03
l’k[l+ 0.43 0.37 0.39 0.36 0.36 0.62 Ij.69 1.85 0.83 0.84 0.77 0.55 0.85 0.55 D0.75 0.80 0.69
H O~ 0.16 0.09 0.16 0.21 0.22 0.14 0.12 0.06 0.07 0.11 0.07 0.11 0.13 0.05 0.15 0.12 a.11
Total 99,96 99.99 [99,95 99.85 99.98| 99.49 99.89 |99.82 199.41 99.47 99.97 99.51 99.95 99.99 99.86 [99.60 99,78
Li 2 15 10 8 36 34 31 33 24 20 33 32 23 21
Be 2 2 6 6 7 10 9 8 6 6 5 7 5 8 8
B NO NG 18 8 23 3 30 20 60 55 75 35 NO 30 33 3 3

830 1050 330 230 400 1520 1000 1090 1730 1300 1230 1450 1000 1030 1430 1530 1350

5 5 [ 7 S 5 10 5 5 6 7 5 5 5 5 5
Co 5 5 5 5 5 5 7 5 5 5 5 5 S5 5 5 6
Ni 5 17 5 11 5 10 5 28 16 5 14 12 7 12 5 7 17
Cu 5 5 5 5 240 263 S0 5 102 33 5 5 12 5 (%] 5
Zn 117 26 5 5 129 199 188 5 5 9 S 10 S S 5 6
Rb 229 251 263 262 272 363 326 1179 480 L85 442 L49 436 433 432 490 443
Sr 58 61 1 73 73 43 38 31 97 as 94 93 96 91 86 55 61
Y 106 123 112 132 115 83 75 59 a8 67 83 76 151 82 90 114 120
Ir 526 492 235 221 237 ‘ 160 160 240 257 254 261 242 255 258 264 333 322
Nb 17 18 22 22 21 21 21 21 23 23 24 23 20 23 22 28 30
Mo 5 5 5 5 5 5 5 5 112 96 5 S 5 S 5 45 68
Ba 1075 1165 582 567 612 332 457 347 498 491 511 490 519 S04 513 402 2082
Sn 5 12 25 26 5 29 19 260 36 31 29 28 9 28 19 47 38
] 5 5 5 5 5 28 9 19 5 5 5 S 5 5 S 5 5
Pb 29 21 3D 30 23 54 54 37 32 25 28 28 26 25 26 30 31
Th 27 30 37 Ll 32 47 Ul wso | 3 32 31 30 25 31 24 7 78
U 7 10 8 13 7 13 14 16 11 8 15 17 1 14 7 15 21

€61
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(CONTIHUED)

G H

18 18 20 21 22 23 24 25 26 27
Sib; 76.70 76.47 72.89 76.76 75.55 74.52| 53.68 59.92 71.00 66.42
TiGe 0.06 0.05 0.20 0.09 0.18 0.21{ 0.03 0.06 0.7 0.06
Alz0;| 11.42 11.72 12,87 11.02 11.70 12.30( 27.22 22.74 15.64 17.88
Fez 03 2.17 163 3.41 0.91 1.700 0.64| 3.00 2.26 1.64  2.82
FeD 0.e4 0.67 0.017 0.80 1.06 1.63| 2.30 2.36 1.65 2.28
| Mno g.01 0.017 0.017 0.017 0.017 0.03} 0.01 g.c1 0.01 0.0
MgO 0.08 0.70 0.12 0.6G17 0.1 0.19) 0.41 0.217 0.3 0.19
Ca0 0.05 0.03 0.09 0.50 0.23 0.78}( 0.02 O0.02 O0.02 O0.03
Na, 0 0.01 0.017 O0.86 2.24 1.58  3.23| 0.01 0.01 Q.07 D.01
e 0 7.2 7.76  7.48 6.53 6.53 5.09} 9.15 B.44 6.63 7.39
Pzﬂs 0.0t 0.01 0.02 0.07 0.02 0.05} 0.01 0.01 0.017 G@.01
Cr. 05 0.0* 0.017 0.07 0.07 0.017 0.07{ 0.01 0.01 0.01 0.01
f&ﬂ+ 1.15 1.18 1.16  0.61 1.06 0.e6| 3.48 3.00 2.21 2.57
He D™ o.18 0.09 0.29 0.08 0.1 0.13{ 0.0 0.70 0.07 0.05
TOTAL{ 99.73 99.74 99.43 99.58 99.92 99.47]99.37 99.15 99.17 99.73
Li 8 7 1 11 16 23 39 40 32 20
Be 10 4 7 4 5 160 90 b 360
8 97 75 30 S0 NO NO 93 18 5 65
570 500 700 2170 1370 1100 | &450 5700 2950 2550
5 5 5 5 5 5 25 21 20 23
co 5 5 5 5 5 5 15 12 3 12
Ni 1 10 7 5 8 1 35 21 19 29
Cu 14 12 262 338 295 55 5 5 36 5
n 8 8 43 212 36 15 1 5 5 16
Rb 718 745 661 546 594 491 1986 1742 685 1550
Sr 19 20 27 33 51 75 27 23 15 22
Y 131 128 71 96 104 78 a5 121 56 94
Zr 163 163 256 182 237 259 138 143 216 169
Nb 31 31 18 29 24 24 6 33 9 13
Mo 5 7 5 107 5 7 5 5 5 5
Ba 341 339 549 382 495 490 351 293 255 229
Sn 50 49 14 124 58 19 751 513 2301 461
w 5 5 19 28 27 5 5 5 5 5
Pb 7 77 17 as 56 32 31 24 21 47
Th 42 b 34 54 33 31 50 47 30 53
u 29 29 1 20 12 14 1" 16 5 8

Re=IToOmMmMOOT>

LEGEND

Stavoren Granophyre

Grey Makhutso Granlte

Red Makhutso Granite

Grelsen from Makhutso Granite

Grey Ylaklaagte granite

Granlite aplite

Red Yiaklaagte granite

Greisen from Vlaklaagte granite
Quartz-pegmatite velns assoclated with grelsens

- Quartz-pegmatite velns from sulphide rich zone

Epithermal altered Makhutso Granlte in sulphide rich

28 29 30 31 32
5 16| 25 53 5
5 25 731 28
5 35 M 28
5 980 1560 | 147
5 51250 5011592

184 169 256 L6 | 226

26 23 5 1M 5
30 25 5 25| 34

41 35 5 51135
5 9 5 6 19
L5 25 5 5. 5

152 131 |250 1055 33

292 459 | 53 22| a0
5 5|70 80| 21

26 36 | 50 250 {155
11 618 621 43
9 5 5 161 18

zZone.

143
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APPENDIX C: MAJOR AND TRACE ELEMENT DATA EQR THE ZONES IN
THE BEDROCK MATERIAL.

WEATHERING ZONES
ELEMENT R4 R3 R2 R1
S102 74.17 73.87 74.60 74.19
TiO» 0.22 0.21 0.23 0.24
Al 203 12.69 12.44 12.87 12.19
Fes03 0.80 1.73 1.39 1.97
FeO 1.49 0.70 0.67 0.68
MnO 0.01 0.01 0.01 0.01
Mgo 0.07 0.03 0.12 0.01
Ca0 0.59 0.32 0.19 0.09
Na20 3.54 3.36 1.93 1.00
K20 5.34 5.33 5.47 6.53
P20s5 0.04 0.03 0.03 0.02
Cr203 0.01 0.01 0.04 0.01
HoOt 0.85 1.08 1.66 2.11
Ho0~ 0.13 0.23 0.41 0.44
TOTAL 99.95 . 99.35 99.62 99.49
Li 20 20 20 20
Be 6 6 4 3
F 1000 600 470 370
v <5 <5 <5 7
Co <5 6 <5 6
Ni 7 17 5 22
Cu <5 <5 12 39
Zn 10 10 13 15
Rb 436 571 575 630
Sr 96 94 68 50
Y 151 109 89 83
Zr 255 257 273 295
Nb 20 21 22 23
Mo <5 <5 <5 <5
Ba 519 607 651 778
Sn 10 14 16 18
W <5 . <5 <5 <5
Pb 26 46 60 82
Th 25 32 32 33
u 14 16 16 17
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MAJOR_ELEMENT DATA FOR PROFILES 9 AND 11.

11
FLENENT Ay Ay P By 8; € R Ay Ay Ay By 8, P c R
510, 90.94 87.29  B81.37 73.87 75.28 79.00 74.47|88.43 87.83 79.92 78.73 74.99  66.57 66.64 74.01
Tio, 0.23  D.24 0.29 0.27  0.24 0.14 0.09| 0.28 0.23 0.39 0.29 0.45 0.43 0.33 0.28
AL, 3,76 5.50 7.80 12.69 14.20 12.9% 11.78| 4.45 5.13 9.67 10.78 12.87 12.78 15.19 12.87
Fe,0, 0.01 0.9 3.72 4.60 3.60 3.10 2.72| 0.00 0.04 1.24 1.66 2.81 10.03  2.38 1.09
FeD 1.50  1.83 1.47 1.81  1.10 1.03 1.06] 1.48 1.53 1.58 1.50 1.12  1.47  1.49 1.49
MnO 0.02  0.01 0.02 0.03 0.03 0.03 0.02{ 0.01 ©0.001 O0.01 0.01 0.01 0©.03 0.03 0.02| .
MgO 0.02  0.04 0.06 0.16 0.16 0.08 0.12]| o.o% ©0.02 0.07 0.10 0.10 0.01 0.10 0.09] &
Ca0 0.05  0.03 0.03 0.02 0.03 0.04 0.25| 0.05 ©0.04 0.03 0.20 0.03 0.03  0:04 0.53
Na,0 0.01  0.01 0.01 0.01 0.00 0.01 1.68{ 0.01 ©0.01 0.01 0.00 ©.01 0.001  0.01 3.52
b0 0.58  0.68 1.57 1.46  1.72 1.50 5.43| 1.44 1.51 1.55 1.45 1.69  1.43  2.99 5.1k
P50g D.02  0.02 0.03 0.03 0.02 0.01 0.01] 0.02 ©0.02 O0.01 0.02 O0.03 0.06 0.04 0.03
Cr,0, 0.03  0.05 0.06 0.03 0.03 0.03 0.01] 0.05 0.05 O0.04 0.05 0.02 0.11  0.02 0.01
H,0 + 1.78  2.38 2.77 3.64  3.22 1.76 1.14| 1.91 2.00 3.66 4.00 4.52  5.36  4.47 0.85
H,0- 0.20  0.39 0.46 0.7%  0.30 0.16 1.10| 0.38 0.39 0.57 0.70 0.81 1.26  5.37 0.04
co,, 0.48  0.22 0.15 0.23 0.06 0.03 - | 0.64 O0.46 0.30 0.26 0.12 0.11 0.05 -
TOTAL 99.63 99.63  99.81 99.59 100.00 99.86 99.88/99.20 99.27 99.05 99.76 99.58 99.69 99.15 99.97
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APPENDIX E:z IHE _TRACE ELEMENT DISPERSION PATTERNS IN 32 SOIL

PROEILES (bulk samples). -
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APPENDIX Fz CORRELATION DIAGRAMS INDICATING THE Fe/Cu RELATION-

SHI1PS_IN THE SIZE FRACTIONS OF EACH HORIZON.

NB t! - THE SAMPLES ON THE RIGHT HAND SIDE OF THE BROKEN LINE
ARE KNOWN TO BE AMOMALOUS AND THEREFORE NOT TAKEN INTO

CONSIDERATION FOR THE CALCULATION OF THE MEAN, STANDARD
DEVIATION ETC.

(Fe = TOTAL Fe AS Fe203)

LEGEND
X = MEAN
STD = STANDARD DEVIATION
c = CUT OFF POINT
S = SORPTIVE CAPACITY OF Fe FOR CU
(Fe/Cu RATIO ABOVE THE CUT OFF POINT)
S+C = SILT PLUS CLAY FRACTION
F = FINE SAND FRACTION
M = MEDIUM SAND FRACTION
co = COARSE SAND FRACTION
G = GRAVEL FRACTION
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APPENDIX G: IHE TRACE ELEMENT DISPERSION PATTERNS IN SIZE

ERACTIONS IN 7 SOIL PROFILES.

(Fe = TOTAL Fe AS Fe03)
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APPENDIX H: THE CONCENTRATIONS FOR Sn, Cu, Cu CORRECTED FOR
Ee203. Mo, Fe03, Rb AND SR AND THE Rb/Sr RATIOQ
ALONG TRAVERSE LINES 8, C, D, E AND F (FROM NW-SE)
AND A (FROM SW-NE).

(TOTAL Fe AS Fez03)




APPEHNDIX H:

(CONTIHUED)

TRAVERSE A
DISTANCE ELEMENT DISTANCE IRAYERSE EELEHENT

(m) Sn Cu CulC) Mo Feo03 Rb Sr  Rb/Sr (m) Sn Cu Cu{(C) Mo Fe203 Rb Sr Rb/Sr

0 24 33 ---- <5 28832 155 15 10.3 0 25 38 --—— <5 32449 140 12 11.7

90 37 23  -——— <5 27010 145 15 9.7 50 15 26 ---- <5 28998 142 15 9.5
180 41 24 -~-—- <5 24831 146 iS5 9.7 100 14 30 ---- <5 24620 105 14 7.5
270 40 22 -—-—-- <5 25914 183 14 13.1 150 15 25 ---- <5 28381 131 16 8.2
360 35 17 14 <5 16139 197 16 12.3 200 13 31  -—-- <5 25740 113 16 7.1
450 41 40 22 <5 19108 120 3 9.2 250 24 48 ---- <5 33280 117 13 9.0
540 36 67 ---— <5 33671 143 14 10.2 300 15 34 —==— <5 25084 124 19 6.5
630 45 88 ---- <5 38614 175 14 12.5 350 10 29 --——— <5 29336 127 16 7.9
720 45 94 ---—— <5 38823 186 14 13.3 400 46 30 ---- <5 23653 132 13 10.1
810 29 89 --—— <5 37734 179 14 12.8 450 10 23 =~ <5 21498 119 17 7.0
200 57 715 ---— <5 36003 140 11 12.7 500 1" 3 23 <5 17065 105 14 7.5
990 4 718 2 <5 33487 129 12 10.8 550 9 24 —-—— <5 22019 124 19 6.5
1080 10 26 ---— <5 31179 114 16 7.1 600 16 35 7 <5 21902 125 18 6.9
1170 36 66 4 <5 30695 105 11 9.5 650 12 28 --—— <5 24809 119 15 7.9
1260 21 19 9 11 32808 110 11 10.0 700 14 39 2 <5 23663 121 15 8.1
1350 18 78 ~——~ 10 36940 112 13 8.6 750 25 25 11 <5 17347 127 20 6.3
1440 16 69 7 <5 29872 91 14 6.5 800 130 46 28 <5 19458 107 17 6.3
1530 39 54 4 <5 26904 88 13 6.8 850 115 27  --—— <5 24385 111 14 7.9
1620 16 33 25 <5 17269 86 17 5.1 900 120 54 --—— <5 28864 170 16 -10.6
1710 20 25 25 <5 4581 67 11 3.9 950 111 24 -——— <5 23598 106 14 7.6
1800 406 93 93 <5 14838 220 16 13.8 1000 122 43  ---= <5 20953 125 14 8.9
1890 162 98 48 <5 27508 131 13 10.1 1050 109 40 --—— <5 30690 146 15 9.7
1980 129 78 36 <5 25690 98 10 9.8 1100 79 23 --—-- <5 26042 109 12 9.1
2070 109 77 5 <5 33004 100 10 10.0. 1150 M1 27 -—-—= <5 29271 118 12 9.8
2160 153 84 22 <5 30977 1715 10 17.5 1200 69 43 -——- <5 28613 116 12 9.6
2250 46 42 ---- <5 26914 180 13 13.8 1250 St 21 ---- <5 28375 114 12 9.5
2340 81 37 -—-— <5 26286 139 11 12.6 1300 49 18 -——— <5 23178 105 12 8.8
2430 68 37 -——— <5 28133 143 12 11.9 1350 45 30 --—— <5 25507 115 12 9.6
2520 69 40 -——— <5 28753 157 11 14.2 1400 26 15 --—— <5 24688 125 12 10.4
2610 66 28 -——— <5 26048 147 13 11.3 1450 31 27 --——= <5 28479 144 12 12.0
2700 43 32  -—— <5 29339 127 10 12.7 1500 130 45 7 <5 24815 129 12 10.8
2790 27 33  --—— <5 30891 139 12 11.6 1550 49 23 --—— <5 26128 131 12 10.9
2880 19 27 -———— <5 30471 197 11 17.9 1600 36 23 ---- <5 30836 160 10 16.0
2970 21 29 -——— <5 33107 177 14 12.6 1650 47 28 -—-- <5 29061 166 12 13.8
3060 14 24 -—-—— <5 22959 116 11 10.5 1700 57 23  ~——— <5 26969 173 12 14.4
3150 24 37 --—— <5 33239 193 13 14.8 1750 67 23 --——— <5 25832 157 -12 13.2
3240 24 26 --—-- <5 24337 127 1t 1.5 1800 84 23 ——=— <5 24142 137 12 11.4
3330 12 29 ---—- <5 26922 136 12 11.0 1850 99 23 ---—-= <5 25118 146 12 12.2
3420 16 24 ---- <5 28263 156 13 12.0 1900 69 34 --—— <5 26202 181 13 13.9
3510 25 33 -——— <5 25596 155 17 9.1 1950 61 18 --—— <5 24410 189 13 14.5
3600 27 58 37 <5 20965 122 15 8.1 2000 60 19 --—- <5 26316 227 15 15.%
3690 25 37 17 <5 19471 131 19 6.8 2050 37 24 --—— <5 24310 261 15 7.4
2100 47 26 ---- <5 25097 229 15 15.3

2150 69 39 ---- <5 28224 228 16 14.3

2200 48 24 -—-- <5 23452 226 16 14.1

2250 61 37 -——— <5 23240 257 16 16.0

2300 67 24 ---— <5 21084 261 17 15.3

2350 82 36 18 <5 19243 289 15 19.2

2400 ic 20 13 <5 17267 233 20 11.6

2450 37 29 21 <5 17324 190 17 1.2

. 2500 36 16 ---- <5 20905 150 15 10.0

2550 36 26 8 <5 19801 18 15 12.0

2600 45 11 --—— <5 22632 200 16 12.5
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APPENDIX H: (COHTINUED)
TRAVERSE C TRAVERSE D
DISTANCE ELEMENRT DISTANCI ELEMENT

(m) Sn Cu CulCY Wo Fe,03 Rb Sr Rb/Sr (m) Snj Cu Cul(C) Mo Feo03 Rb Sr Rb/Sr

0 27 25 _—— <5 23146 160 16 10.0 0 21 21 —— <5 25525 16 17 9.5

50 30 27 ---- <5 24543 289 24 2.0 50 45 30 --—— <5 23701 191 19 .10.0
100 40 30 --——- <5 26084 304 26 11.6 100 39 20 ---~ <5 22663 202 20 10.1
150 40 34 9 <5 21007 150 24 6.2 150 39 32 2 <5 22837 239 22 10.8
200 39 30 9 <5 20456 170 22 7.7 200 67 30 ——— <5 24754 303 24 12.6
250 a1 a5 3 <5 24687 - 180 2t 8.5 250 57 31 10 <5 20022 296 26 1.4
300 471 47 13 <5 23436 160 18 8.9 300 21 23 ---- <5 21081 300 28 10.7
350 45 51 14 <5 23867 160 17 9.4 350 13 20 2 <5 19539 135 25 5.4
400 39 61 21 <5 23415 155 16 9.7 400 47 57 32 <5 21746 151 24 6.2
450 34 50 13 <5 24586 143 15 9.5 450 78 27 27 <5 12605 130 22 5.9
500 40 50 20 <5 22431 150 14 10.7 500 67 18 18 <5 10256 125 15 8.3
550 571 54 17 <5 23919 133 15 8.8 550 79 30 30 <5 12297 157 20 7.8
600 62 67 22 <5 25687 140 13 10.7 600 a 16 16 <5 11367 153 27 5.7
650 68 71 17 <5 27586 145 16 9.1 650 5t 26 26 <5 7967 110 2V 5.2
700 82 10 8 <5 30439 152 16 9.5 700 70 24 24 <5 10953 102 29 3.5
750 109 68 --—- <5 33004 190 16 11.8 750 103 39 39 <5 9016 107 22 4.8
800 88 58 ---—- <5 32824 212 19 N.}y 800 290 56 38 <5 19003 182 25 7.3
850 99 30 ~--— <5 30467 209 171 12.3 850 55 54 48 <5 16690 169 22 7.7
900 18 47 10 <5 24736 219 19 11.5 900 57 45 45 <5 11607 236 2} 1.2
950 141 40 3 <5 24114 176 14 12.5 950 31 34 34 <5 10791 1z 19 5.8
1000 78 42 17 <5 21498 175 15 11.6 1000 147 18 18 <5 12270 2t1 18 11.7
1050 84 40 --—- <5 24172 155 14 11.0 1050 47 36 36 <5 9910 115 18 6.4
t100 47 40 -~~- <5 28843 163. 15 10.8 1100 81 4 7 <5 23762 89 11 8.1
1150 228 77 44 <5 23271 141 13 10.8 1150 711 76 26 <5 217715 142 15 9.4
1200 64 52 7 <5 26189 128 12 10.6 1200 94 70 --—- <5 35683 142 13 10.9
1250 94 37 --——— <5 27432 133 13 10.2 1250 119 82 12 <5 32683 132 15 8.8
1300 91 56 --—— <5 2BY77 118 13 9.1 1300 78 7 9 <5 30905 126 12 10.5
1350 139 44 --—— <5 26729 156 10 15.6 1350 9t 65 ---- <5 34267 187 12 15.5
1400 134 79 42 <5 24432 118 9 13.1 1400 84 46 ---- <5 29681 144 13 1.1
1450 131 56 35 <5 20826 113 9 12.5 1450 79 41 --—= <5 26529 144 13 1.1}
1500 1mr 40 22 <5 194N 119 9  13.2 1500 68 33 -—--—- <5 29686 167 17 9.8
1550 68 54 24 <5 21502 112 1} 10.2 1550 78 43 --—— <5 26323 156 16 9.7
1600 67 30 ---—— <5 22146 110 10 11.0 1600 85 32 ---— <5 26280 162 14 1.5
1650 34 39 18 <5 20153  12% 10 1200 1650 119 33 -——- <5 25211 180 15 12.0
1700 44 30 5 <5 21462 105 11 9.5 1700 t97 34 4 <5 22337 192 15 12.8
1750 0 3 6 <5 20535 100 10 10.0 1750 260 42 21 <5 20877 218 15 14.5
1800 a3 10 <5 19624 110 10 11.0 1800 227 21 ---- <5 20693 222 19 1.7
1850 207 42 12 <5 22157 214 16 13.4

1900 199 40 ---- <5 30654 227 14 16.2

1950 234 5S4 17 <5 24205 196 16 12.2

2000 241 30 9 <5 20500 199 15 13.2

2050 240 A4 2 <5 25840 203 14 14.5

2100 197 48 23 <5 20904 199 15 13.3

2150 149 37 37 <5 13263 196 16 12.2

2200 119 20 20 <5 12920 163 17 9.6

2250 107 23 23 <5 3790 160 15 10.6

2300 94 15 15 <5 8056 181 18 10.0

2350 93 24 24 <5 10897 180 19 9.5

2400 36 30 30 <5 13191 182 21 6.3

2450 35 40 ---—- <5 32644 130 1} 1.8

2500 29 28 28 <5 9976 114 16 7.1
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APPENDIX H: (CONTIHUED)
TRAVERSE D (CONTINUED) : TRAVERSE E
DISTANCE ELENENTY DISTANC ELENENT

1Y) Sn  Cu CulC) Mo Fep03 Rb Sr Rb/Sr (m) $n  Cu CulC) Mo Fez03 Rb Sr Rb/Sr
2550 217 34 34 <5 10916 138 16 8.6 0 38 28 22 <5 16192 200 20 10.0
2600 35 15 7 <5 17904 77 14 5.5 50 39 34 9 <5 21456 190 19 10.0
2650 34 23 23 <5 12558 69 13 5.3 100 44 40 ——— <5 25167 180 16 11.2
2700 26 14 14 <5 9330 71 13 5.5 150 46 60 -———- <5 30614 180 14 12.8
2750 44 40 19 <5 20115 103 1N 9.4 200 47 61 —— <5 30267 174 15 11.6
2800 26 31 ~——- <5 30817 108 13 8.3 250 41 58 —— <5 30432 169 16 10.5
2850 34 38 -——— <5 28450 93 10 9.3 300 34 47 ———— <5 26862 154 15 10.2
2900 31 3% ———— <5 36259 129 1) 1.7 350 39 46 —— <5 28436 156 14 1.1
2950 150 28 -——— <5 28690 239 16 8.7 400 42 44 _—— <5 274517 138 15 9.2
3000 29 27 —_—— <5 32316 124 11 1.3 450 34 50 ———— <5 29467 132 16 8.2
3050 41 29 ———- <5 25301 123 10 12.3 500 31 52 10 <5 25468 148 14 10.6
3100 24 21 ——— <5 26930 165 12 13.8 550 46 46 ——— 10 26731 157 13 12.0
3150 27 32 —_—— <5 23530 145 10 14.5 . 600 45 49 ———— n 27451 154 14 11.0
3200 41 24 ———— <5 26500 154 13 1t1.8 650 38 42 ——— 17 26564 176 15 11.7
700 40 47 ———— 19 27435 179 17 10.5

750 42 42 ———— 15 26189 183 16 11.4

, 800 50 49 7 10 25437 181 14 12.9

850 43 48 3 <5 26561 188 14 13.4

900 75 42 -—— <5 27451 185 15 12.3

950 35 50 4 <5 28321 187 16 11.7

1000 65 45 —— <5 27436 211 15 14.0

1050 38 42 ~——— <5 28517 198 13 15.2

1100 69 37 -———- <5 30776 196 15 13.1

1150 54 80 4 <5 34618 193 16 12.0

1200 91 95 1 <5 36243 215 15 14.3

1250 130 100 12 <5 37427 223 16 13.9

1300 210 80 ———— <5 38457 183 14 13.1

1350 182 62 ———— <5 37159 135 13 10.4

1400 206 98 28 <5 32167 169 8 21.0

1450 6843 850 800 <5 28167 378 5 75.0

1500 750 110 65 <5 26080 177 13 13.6

1550 4126 260 215 <5 26143 143 7 20.0

1600 291 110 60 <5 27621 138 10 13.8

1650 179 115 61 <5 28431 133 12 1.0

1700 215 120 61 <5 29167 150 13 1.6

1750 264 160 90 <5 32258 227 14 16.2

1800 206 98 44 <5 28462 150 14 10.7

1850 170 100 50 <5 26817 15t 13 11.6

1900 160 70 50 <5 19456 140 15 9.3

1950 140 30 30 <5 12824 130 20 6.5

2000 104 10 10 <5 8585 121 29 4.7
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APPEINIIDIX H:

(CONTIIUED)

_TRAYERSE F
DISTANCE . ELEMENT
(m) Sn Cu CulC) Mo Fez05 Rb Sr  Rb/Sr
0 <5 18 ---- <5 23315 96 13 7.4
50 15 16 -——— <5 24495 122 15 8.1
100 19 21 --——- <5 20016 93 11 8.4
150 23 18  -——- <5 24146 115 13 8.8
200 16 24 ---- <5 25660 149 11 13.5
250 35 19 --—— <5 25466 127 15 8.5
300 19 29 -——— <5 27902 144 17 8.5
350 59 37 16 <5 20941 184 19 9.7
400 47 64 7 <5 29385 187 18 10.4
450 41 21 -——— <5 23215 109 14 7.8
500 24 25 22 <5 15542 118 14 8.4
550 10 23 ---—- <5 21545 159 21 1.5
600 21 25 25 <5 7622 99 16 6.2
650 36 27 27 <5 13984 78 16 4.8
700 59 47 20 <5 26164 96 15 6.4
750 1 69 4 <5 31451 114 17 6.7
800 57 69 19 <5 27388 105 16 6.5
850 67 59 2 <5 29738 102 18 5.7
900 59 86 41 <5 26365 89 14 6.3
950 51 87 25 10 30650 121 18 6.7
1000 51 127 62 10 31783 151 19 7.9
1050 31 61 24 11 24244 113 17 6.6
1100 4 105 35 15 32023 156 2% 7.4
1150 4 T 26 17 26914 152 20 7.6
1200 39 91 46 22 26935 150 18 8.3
1250 47 48 30 19 19134 141 18 7.8
1300 41 48 18 25 22235 129 16 8.1
1350 49 42 ---—- 26 24708 157 17 9.2
1400 58 36 6 26 22381 148 15 10.3
1450 55 41 4 12 24337 165 16 0.3
1500 69 39 14 <5 21106 196 19 10.9
1550 58 43 --—- <5 25915 207 19 10.9
1600 31 36 6 <5 217712 144 18 8.0
1650 51 39 9 <5 22042 219 22 10.0
1700 32 37 ---- <5 29873 114 20 5.7
1750 55 34 13 <5 20560 220 27 8.1
1800 71 103 38 <5 31842 237 24 9.9
16850 78 34 4 <5 22351 189 22 8.6
1900 131 48 18 <5 21892 185 19 9.7
1950 59 31 26 <5 16211 145 17 8.5
2000 68 45 24 <5 20238 159 18 8.8
2050 53 32 7 <5 21087 116 16 7.2
2100 55 63 33 <5 22226 96 14 6.8
2150 57 54 17 <5 24192 92 15 6.1
2200 67 66 26 <5 22534 96 14 6.8
2250 45 53 19 <5 23291 17 18 6.5
2300 45 61 27 <5 22687 131 18 7.3
2350 34 65 9 <5 27943 152 18 8.4
2400 28 60 ---- <5 30277 135 17 7.9
2450 35 37 ---- <5 23286 119 18 6.6
2500 24 33  -——— <5 13239 97 13 7.4
2550 20 15 15 <5 10485 94 15 6.3
2600 10 10 10 <5 10273 85 13 6.5
2650 21 10 10 <5 8205 81 14 5.8
2700 24 10 10 <5 11935 129 23 5.6
2750 21 13 13 <5 12460 119 15 7.9
2800 21 28 28 <5 14470 125 15 8.3
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