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ABSTRACT 

The gold mineralization event within Archaean granite-greenstone terranes 

occurred during th" late Archaean, and followed the · int"rusion of syn- to 

late-tectonic granitic plutons into previously deformed greenstone belts. 

An Archaean granite/gneiss-hosted gold deposit, in terms of this project, 

is classified as having a gold-assay cutoff of Ig/metric ton over widths of 

at least several metres, or higher grades over narrower widths and/or 

verbal descriptions that indicate such values. 

Fluid inclusion studies and isotopic data identify two possible origins for 

the auriferous fluids; namely magmatic and metamorphic. The exploration 

target according to the magmatic model, is a late-Archaean, hydrothermally 

altered, mineralized and fractured granitic intrusion preferably with a 

granodioritic or quartz-dioritic composition. The exploration target 

according to th& metamorphic replacement model is a granitic stock that has 

intruded a zone of crustal weakness such as a shear zone, active during the 

late Archaean. Alternatively, the granitic intrusion should be affected by 

regionally extensive late-Archaean shearing. It should be hydrothermally 

altered, deformed and mineralized. 

Five areas within the Pietersburg granite-greenstone terrane were selected 

for the 'Regional Area Selection' phase of exploration for Archaean 

granite/gneiss-hosted gold deposits; namely Roodepoort, Waterval, Ramagoep, 

Moletsie and Matlala . Roodepoort contains a known granodiorite-hosted gold 

deposit; the Knight's Pluton, and served as an orientation survey for this 

project. The use and interpretation of LANDSAT images formed an integral 

part of exploration teChniques; to assess their usefulness in the 

exploration of Archaean granite/gneiss-hosted gold deposits. 

Area selection criteria for granite/gneiss-hosted gold mineralization at 

Roodepoort are the major ENE-trending shear zone, the NNW-trending 

lineament and hydrothermal alteration, shearing, quartz-stockworks and 

sulphide mineralization within the Knight's Pluton. The origin of the gold 

within the Knight's Pluton is uncertain; both magmatic and metamorphic 

models are possibilities. Ongoing exploration is in progress at Roodepoort. 



The only area selection criterion for granite/gneiss-hosted gold 

mineralization at Waterval is the sericitized, subcropping granites located 

within trenches. Gold mineralization is insignificant. No area selection 

criteria for Archaean granite/gneiss-:los t ,ed gold mineralization were 

located at Ramagoep, Matlala and Moletsie. No further exploration is 

recommended for all these areas. 

The MES image interpretations were successful in identifying lineaments, 

granitic outcrops I greenstones I vegetation and soil cover . The Clay-iron 

images adequately diffe rentiated betweeen iron-rich and clay-bearing areas. 

However, not all clay-bearing areas were associated with hydrothermal 

al tera tian; field checks were necessary to discriminate between weathered 

granites and hydrothermally altered granites. The Wallis images served to 

locally enhance the contrasts of the MES and Clay-iron images. 
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1. Introduction 

The Pietersburg granite-greenstone terrane is one of the major granite­
greenstone terranes preserved within the Kaapvaal Craton of South Africa. 
It is located within the Highveld of the Northern Transvaal, about 300 km 
northeast of Johannesburg (Fig. 1). 
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Figure 1. Map illustrating the exposed Archaean granite-greenstone terrane 

of the Kaapvaal Craton, Southern Africa (after Anhaeusser, 1973, 1976). 
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The area has an average altitude of more than 1300m above sea level, a mild 
and healthy climate, and summer rainfall of about 400mm per year (Willemse, 
1938). Towards the south of Pietersburg, the area is quite hilly, and 
dissected by numerous streams. Extensive low-lying planes between the 
ridges are generally soil covered. In the north of Pietersburg, the areas 
underlain by ancient gneisses are flat and soil-covered. This topography is 
broken by younger, rounded granitic intrusions in places. Occasional 
streams drain the areas surrounding these granitic intrusions. 

To date, Archaean gold exploration is concentrated in the greenstone belts 
rather than the gran i tic rocks. However, a number of old gran ite-hosted 
gold workings exist within the Pietersburg granite-greenstone terrane and 
therefore, exploration for Archaean granite/gneiss-hosted gold deposits is 
warranted. The term 'granite' is used very loosely, and covers alkali 
granites, granites, granodiorites and quartz diorites. Individual rock 
compositions are named, where necessary. 

Five granitic areas 
greenstone terrane, 
(Roodepoort) contains 

near Pietersburg, within the Pietersburg granite­
were selected for gold exploration . One area 
a known gold deposit (Knight ' s Pluton), hosted by an 

altered Archaean granodiorite, and served as an orientation survey. 

Apart from Roodepoort, th i s project is restri cted to the 'Regiona 1 Area 
Selection' phase of exploration (Appendix 1). The procedure followed is 
illustrated in figure 2. 

At Roodepoort, in add i t i on to 
phase of exploration, logging 
vertical drill core through 

completing the 'Regional Area Selection' 
and petrographic examination of an old 
the Knight's Pluton (RDP2) was done. 

Furthermore, a series of unaltered and altered granitic samples were 
collected and geochemically analysed to determine possible pathfinder 
-elements applicable to the exploration of Archaean granite/gneiss-hosted 
gold deposits, using the analytical techniques available to exploration 
geologists (Appendix 3). 
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LARGE AREA 

GEOLOGICAL CRITERIA FOR 
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• 
EXPLORATION TECHNIQUES 

SMAll AREA 

Figure 2. Schematic representation of the exploration process (after 

Hodgson and Troop, 1988). 

The initial part of this project involved a literature survey covering: 

1). the evolution of Archaean granite-greenstone terranes. 

2) . Archaean gold minera 1 i zat ion with i n Archaean gran ite-greenstone 
terranes. 

3). the magmat i c- and metamorphi c-rep lacement mode 1 s 
granite/gneiss-hosted gold mineralization. 

for Archaean 

Area selection criteria (Fig. 2), incorporating favourable geological 
features spatially and genetically associated with Archaean granite/gneiss­
hosted gold deposits, were acquired from (3). 

The use and interpretation of LANDSAT images formed an integral part of the 
exploration techniques (Fig. 2); to assess their usefulness in the 
exploration for Archaean granite-gneiss-hosted gold deposits (Fig. 2). They 
also represent a potentially cost-effective exploration tool; an important 
component of a good exploration strategy (Hodgson, 1990). The LANDSAT 
images used in this project were processed and made available by the Remote 
Sensing Department, Anglo American Corporation of South Africa Limited. The 
images were interpreted with emphasis on identifying the 'area selection 
criteria' mentioned above. 



-4-

The fi e ldwork was comp 1 eted dur i ng December, 1989 to March, 1990 i part of 
June, 1990 and part of June, 1991. It consisted of locating the LANDSAT 
features on the ground, geological mapping and trenching where necessary, 
and conf i rmi ng the presence or absence of 'area se lect i on cr i teri a' for 
granite/gneiss-hosted gold mineralization in the areas chosen for 
exploration. Lithogeochemical samples were collected and analyzed using the 
techniques described in Appendix 3. A substantial part of this thesis, in 
addition to the fieldwork, involved petrographic examinations of selected 
granitic samples from each of the five areas chosen for exploration. 
Finally, recommendations for the future of each area, in terms of gold 
exploration, were offered. 

An overvi ew of the 'exp 1 orat i on strategy' used in th i s project and the 
various phases of exploration applicable to Archaean granite/gneiss-hosted 
gold deposits is given in Appendix 1. A brief description on the processing 
techniques of LANDSAT images is given in Appendix 2. Appendix 3 describes 
the geochemical analytical techniques used in this project and Appendix 4 
lists the analytical data. 
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2. Archaean granite-greenstone terranes. 

Archaean granite-greenstone 
greenstone belts engulfed in 

terranes broadly comprise discontinuous 
a sea c'; intruded gran it i c plutons (Cond ie, 

1989; Anhaeusser and Robb, 1980; Watkins et al., 1991), and are surrounded 
by extensive high-grade gneissic terranes (Hunter, 1991). A diagram of a 
typical Archaean granite-greenstone terrane is given in figure 3, and an 
idealized Archaean greenstone belt stratigraphic column is illustrated in 
figure 4. 

The Superior and Slave Provinces of North America, the Zimbabwe and 
Kaapvaal Provinces of Southern Africa, and the Yilgarn and Pilbara 
Provinces of Western Australia are amongst the economically important 
granite-greenstone terranes. 
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Figure 3. Map of an idealized Archaean granite-greenstone terrane (after 

Anhaeusser et al., 1969). 
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FIGURE 4 
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2.1. The greenstone belts 

Archaean greenstone sequences are composed of areally restricted remnants 
of volcanic rocks, commonly metamorphosed at greenschist facies, with or 
without sequences of clastic and chemi ca 1 sed imentary rocks that 
structurally and/or stratigraphically overlie the volcanic piles (Hunter, 
op . cit.) . 

The volcanic rocks (Fig. 4) are subdivided into a lower, primarily 
ultramafic group and an upper volcanic group in which calc-alkaline, mafic­
to-felsic rocks predominate. Cyclicity is common, with individual belts 
containing between 5 and 10 major volcanic cycles (Windley, 1984). 

The predominantly clastic sedimentary succession (Fig. 4) consists ideally 
of a lower argillaceous deep-water assemblage comprising shales, pelitic 
sandstones and greywackes, and an upper arenaceous, sha 1 low-water 
assemblage with conglomerates, quartzites and chemically precipitated 
1 imestones and banded iron formations that tend to occupy the tops of 
cyclic units (Windley, op. cit.). 

2.2. The granitic rocks. 

Anhaeusser et al., (1969) and Anhaeusser and Robb (1980) have subdivided 
the Archaean granites within the Barberton Mountainland and parts of 

Swaziland into three magmatic cycles. Watkins et . al., (1991) proposed a 
similar classification of granites within the Murchison Province of the 
Yilgarn Craton in Western Australia. These cycles reflect possible stages 
in the formation and genetic evolution of the early sialic crust in these 
regions, and are possibly applicable to other Archaean granite-greenstone 
terranes. 

The earliest magmatic cycle involved the formation of Na-rich tonalites and 
trondhjemites, and a complex series of bimodal gneisses and migmatites. The 
tonalite/trondhjemite material was derived from about 30-50 per cent 
melting of a mafic source similar to the basal stratigraphic units of the 
greenstone belts into which the above-mentioned tonalites/trondhjemites 
intruded (Anhaeusser and Robb, 1980). Th i s cyc le commenced approximate ly 
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3550 Ma ago within the Barberton Mountainland and parts of Swaziland 
(Anhaeusser and Robb, 1980) and approximately 2900 Ma ago within the 
Murchison Province (Watkins et . al., 1991). 

The second magmatic cycle involved the emplacement of enormous volumes of 
K-rich magma into the crust, such that by the end of the Archaean era, the 
thickness of the continental crust had probably reached 30-35 km. Watkins 
et. al., (op. cit.) state that these rocks were probably derived by partial 
melting of mafic source rocks similar in composition to those of the first 
magmatic cycle. These granites were emplaced at relatively high crustal 
levels in the form of batholiths and sheet-like masses over earlier-formed 
sialic crust, belonging to the preceding magmatic cycle. The batholiths are 
mUlti-component bodies comprlslng homogenous, often medium-to-coarse­
grained, occasionally porphyritic, granites, granodiorites or adamellites 
(Anhaeusser and Robb, 1980). Pegmatitic and aplitic phases are associated 
with these granites, and areas marginal to the batholiths are characterized 
by K-rich migmatites and gneisses that represent zones of interaction 
between the intrusive granitic massifs and the surrounding host rocks. The 
batholith margins seldom display sharp contacts (Anhaeusser and Robb, op. 
cit.). This cycle began approximately 3200-2900 Ma ago within the Barberton 
Mountainland and parts of Swaziland (Anhaeusser and Robb, op. cit.), and 
approximately 2700 Ma ago within the Murchison Province (Watkins et. al., 
1991). 

The third magmatic cycle commenced about 2900 Ma ago within the Barberton 
Mountainland and parts of Swaziland, and was associated with the intrusion 
of late to post-tectonic, granitic-, adamellitic-, granodioritic- and 
syenitic-plutons into an already consolidated and tectonically stable 
crustal regime (Anhaeusser and Robb, 1980). This same cycle commenced about 
2600 Ma ago within the Murchison Province (Watkins et al., 1991) . 
Essentially, these granitic bodies caused a minimum amount of structural 
disturbance and metamorphic alteration (Anhaeusser and Robb, 1980; Watkins 
et al., 1991). 

Anhaeusser and Robb (1980) have identified two groups of plutons within the 
Barberton Mountainland and parts of Swaziland that are associated with the 
third magmatic cycle; namely an older group and a younger group. The older 
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group comprises granodiorites that range in age from 2927 ± 59 Ma to 2784 ± 

53 Ma. The younger group consists of granites and adame11ites that are 2608 
± 123 Ma to 2496 ± 176 Ma in age (Anhaeusser and Robb, op. cit.) . 

Similarly, Watkins et al., (1991) have identified two distinct suites of 
post-tectonic granites within the Murchison Province. One suite (Suite I) 
comprises tonalite, trondhjemite, granodiorite and monzogranite plutons 
that are approximately 2663 ± 74 Ma old. The other suite (Suite II) 
cons i sts of quartz-ri ch monzogran i te and syenogran ite plutons that are 
approximately 2365 ± 161 Ma old. The different compositions of Suites I and 
II are thought to reflect the differing compositions of the deep crust at 
the level of partial melting. Suite I granites were probably derived from 
mafic rocks which underplated or intruded the base of the crust, whilst 
Suite II granites originated from dominantly silicic parental rocks 

(Watkins, et al., op. cit.). 

2.3. Metamorphism 

Low pressure greenschist facies metamorphism is most common in the granite­

greenstone terranes, however the grade of metamorphism can increase to 
amphibolite facies from the centre to the margins of the greenstone belt, 
and also towards intrusive granitic plutons (Windley, 1984). Condie (1989) 
suggested that the numerous granitic intrusions surrounding and possibly 
under 1 yi ng greenstone be lts, prov i ded a major source of heat for 1 ater 
periods of low-grade regional metamorphism. 

2.4. Structure 

Archaean granite-greenstone terranes are structurally very comp lex with 
most of these areas having undergone two or three periods of major 

deformation and metamorphism. Deformation of the greenstone sequences 
apparently involved thin-skinned tectonism, as geophysical data (e.g. 
Burley et al., 1970 ; Darracott, 1975 and de Beer et al., 1984) indicate 

that greenstone belts do not persist to depths greater than about 5 km 
below surface (Hunter, 1991) . 
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2.5. Tectonic Setting 

The reader is referred to Windley (1984) for a general model of Archaean 
crustal evolution. It combines the idea of an original back-arc marginal 
sett i ng for the format i on of Archaean greenstone be lts wi th a ma in-arc 
setting for high-grade gneissic complexes. 

Greenstone be lts genera lly conta in mi xtures of components from different 
tectonic environments (e.g., the Pietersburg and Barberton greenstone 
belts). Both greenstone belts contain a record of early sedimentation on 
oceanic crust which may have been created at similar times (i.e. circa 3.5 
G.a . ) . Subsequent clastic sedimentation within the Pietersburg greenstone 
belt (500 Ma later) is recorded in a subaerial sequence of rocks that 
formed in tectonically active compressional basins during the imbrication 
of the old oceanic crust. At present, it is not known whether the simatic 
basement of the Pietersburg greenstone belt was already allochtonous before 
its imbrication (De Wit, 1991). 

The late clastic sedimentation within the Barberton greenstone belt, on the 
other hand, occurred ina submarine envi ronment in tectoni ca lly active, 
compressional regimes restricted to within a period of 250 million years 
during, and following, the obduction of the oceanic crust and its 
associated sediments (De Wit, op. cit.) . Both the Barberton and Pietersburg 
greenstone belts were subjected to transpressional and transtensional 
processes at a late stage in their history (De Wit, op. cit.). 

Watkins et al., (1991) stated that the modes and sites of intrusion of all 
Archaean granites were controlled either by active tectonic processes or by 
structural features of the crust . 
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3. Archaean Gold Mineralization. 

Most significant Archaean gold deposits occur within or immediatly adjacent 
to Archaean granite-greenstone terranes. This chapter is restricted to the 
latter. An overview of gold mineralization within Archaean granite­
greenstone terranes is discussed in terms of lithology, structural 
setting, alteration, metamorphism, fluids and timing. Chapter 4 describes 
the major models of Archaean granite/gneiss-hosted gold mineralization. 

3.1. Lithology 

Gold mineralization within Archaean granite-greenstone terranes occurs 
within a variety of 1 ithologies, such as ultramafic- and mafic-lavas and 
sills, felsic to intermediate lavas and volcaniclastic rocks, chemical- and 
clastic-metasedimentary rocks, granites and schists (Perring et al., 1991). 

The spatial association between small granitic intrusions and epigenetic 
gold mineralization in Archaean terranes is well known. In Canada, this 
as soc i at ion is part i cu 1 ar ly stri king and there is much 1 iterature on the 
subject (see Colvine et al., 1988, and references therein). There, 
intrusions range in composition from granodiorites and quartz monzonites to 
syenite and monzonite (Perring et al., 1991). Generally, the granodiorites 
and quartz monzonites are preferentially associated with the richer 
depos its. All types of i ntrus ions ment i oned above occur more common ly in 
the environs of gold mines than they do in the Abitibi Belt as a whole 
(Hodgson and Troop, 1988). 

To date, no such correlation between late Archaean felsic intrusions and 
gold deposits is known to exist within the Norseman-Wiluna Belt of Western 
Austra 1 i a (Perri ng et a 1., 1991). However, paucity of outcrop wi th i n the 
deeply weathered Norseman-Wiluna Belt and scale of regional mapping by the 
Geological Survey of Western Australia (1:250000 and 1:100000 in more 
highly mineralized areas) may hamper this assessment. Perring et al., (op. 
cit.) proposed that the spatial association of granitic intrusions with 
go ld mi nera 1 i zat i on cou 1 d often be genet i ca lly attri buted to the presence 
of granitic batholiths, and that the parental magmas probably exploited the 
same zones of crustal weakness as the mineralizing fluids. 
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The above-ment i oned controversy rema i ns the source of heated debate. The 
Canadians support a magmatic origin for the gold-bearing fluids, whilst the 
Australians tend to support a 'metamorphic replacement' origin . These 
models are discussed in Chapter 4. 

3.2. Metamorphism and Alteration 

The majority of Archaean ep i genet i c lode go ld depos its with i n Archaean 
granite-greenstone terranes, formed at sub-greenschist to lower-amphibolite 
facies metamorphic conditions, commonly at pressures and temperatures 
estimated to range from 1-3 kb and 250°-400°C respectively (Groves et al., 
1991). 

Alteration is a common characteristic of many Archaean lode gold deposits. 
It is genera lly represented by retrograde minera 1 assemb lages cons i stent 
wi th greensch i st fac i es pressure-temperature cond i t ions, and most 1 ike ly 
resulted from overprinting due to hydrothermal alteration (Colvine et al., 
1988). In most cases, the intensity of the alteration increases with 
proximity to mineralized structures. Gold deposition is caused 
predominantly by fluid-wallrock interactions, and is more fully discussed 
in Chapter 4. The associated sulphide mineralization varies according to 
prevailing metamorphic conditions; ranging from pyrite at low metamorphic 
grades to pyrite-pyrrhotite-dominated assemblages at medium metamorphic 
grades (Groves et al., 1991). 

The timing of the alteration probably post-dates peak metamorphism, which 
possibly occurred during the granulitization of the lower crust and coeval 
generation of the late Archaean plutons (Colvine et al., 1988). 

3.3. Structural Setting 

Eisenlohr et al., (1989) stated that many large Archaean epigenetic gold 
deposits show a broad spatial relationship to regional lineaments, and have 
subdivided these lineaments into first- and second-order structures. This 
is illustrated in figure 5. 
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The first-order structures are genera l ly greater than 100km in strike 
length, and appear to be transcurrent structures that extend into the lower 
crust and mantle. They appear to control the distribution of deep crustal, 
or uprer mantle felsic melts (porphyries) and mantle derived lamprophyres, 
as well as regional carbonation zones. Some appear to be reactivated syn­
volcanic faults (Groves and Batt, 1984). The second-order fault structures 
are commonly up to 10km in length, and have widths varying from centimetres 
to hundreds of metres . They represent regional stress orientations and are 
subsidiary to the larger first-order structures (Eisenlohr et al., 1989). 

Gold mineralization is more commonly associated with the second-order 
structures rather than first-order structures. A possible reason for this 
is the physiochemical gradients between first- and second-order structures 
which cause migration (infiltration) of fluids and/or selective transport 
(diffusion) of gold within fluids into second-order structures (Eisenlohr 
et a 1., op. cit.). 

The occurrence of gold mineralization within these structures implies that 
go 1 d concentrat ion was re 1 ated to the major, 1 atest tecton i c event that 
formed this faulting. Strain analyses of gold deposits within the Superior 
Province of Canada, show that the present sites of gold mineral ization 
represent zones of di lation produced by shear deformation and that these 
fabrics post-date previous fabrics produced by folding or tilting (Colvine 
et a1., 1988) . 

Deformation zones can also form in response to the ascent and emplacement 
of major gran it i c batho 1 iths that are extern a 1 to greenstone belts, and 
smaller plutons that occur within greenstone belts (Colvine et a1., op. 
cit.). Examples of gold occurrences within this environment are the Red 
Lake deposits within the Superior Province of Canada. Although these 
deposits occur within regional deformation zones, the ore zones are 
controlled by structures caused by the ascent and emplacement of adjacent 
batho 1 iths, rather than by structures resu lting from transcurrent 
displacement (Colvine et al., op. cit.). 
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In summary, two types of deformation zones are associated with gold 
deposits. One results from large scale crustal movement or shorteningi the 
other results from emplacement of plutons and batholiths . The most 
significant gold deposits are g";",, rally associated with the first prornos. 
Both types of deformation are late-Archaean tectonic events. 

td Sedmentary so """'Ssion 

D Maficl Ultramafic Volcanic rocks 

[1] Granitoid 

Alteration 

~ fi-st order structure 

<1 
,/ 

second order 
subsidiary structure 

fluid path 

Figure 5. Schematic block diagram illustrating fluid path through the crust 

via first-order fault zones into second-order subsidiary structures 

(after Eisenlohr et al . , 1989) . 
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3.4. Fluids 

Fluid-inclusion and stable-isotope data provide some insight into the 
origin of the fluids, and are described below. 

3.4.1. Fluid inclusion characteristics 

Fluid inclusion studies of quartz veins interpreted to be syn­
mi nera 1 i zat i on, i nd i cate that the majority of Archaean go 1 d depos its were 
formed from similar ore fluids. The fluid was a relatively reduced H20-C02 

fluid (~75 mole % H20-C02 fluid (~75 mole % H20, 25 mole % CO2), 8180 = 8 -
10 per mil, of low salinity « 2 wt.% equiv. NaCl) and low density, 
interpreted to be near neutral to slightly alkaline with depositional 
temperature and pressure ranges of 250°C - 400°C at 1 - 3 kb. These fluids 
introduced CO2 , K (and associated minor elements; e.g., Rb and Ba), Au (± 

Ag, As, Sb, W, B) and S into depositional sites (Groves and Phillips, 1987; 
Groves et aI., 1991). Base meta 1 s are genera lly mi nor, as these depos its 
are thought to originate from fluids at 250°C - 300°C, at hydrostatic 
pressure, 8180 = 0 to 5 per mil, salinities of 3 - 5 wt. %, H20»C02 and 
Na»K (Fyfe and Kerrich, 1984). Gold-bearing fluids having the above-
ment ioned characteri st i cs can orig i nate 
metamorphic terranes (Groves and Phillips, 

from low to medium 
1987). Alternatively, 

grade 
these 

fluids can also originate from low salinity, CO2-bearing magmatic fluids, 
if CO2 becomes saturated within an H20-C02 bearing silicate magma ( Colvine 
et al., 1988). Thus fluid inclusion studies indicate that both magmatic and 
metamorphic processes can produce fluids that are similar to those 
implicated in the Archaean gold event. 

3.4.2. Sulphur Isotope Constraints 

8~S isotopic data of Archaean gold deposits in Canada and Western 
Australia tend to cluster near 0 per mil, although two broad groupings are 
apparent: 8~S = 0 to +10 per mil (Yellowknife, Red Lake, Belmoral, Owl 
Creek, Coniarum, McIntyre-Hollinger, Dome and Hard Rock) and 8~S < 0 per 
mil (Lakeshore, Macassa, Canadian Arrow, Kelore, Ross, Young Davidson, 
Consolidated Matachewan and Hemlo; Colvine et al., 1988). The above­
mentioned isotopic variation is possibly due to mixing of more than one 

sulphur source or major isotopic fractionation (Colvine et al., op. cit.). 
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The latter option is considered to be the dominant factor contributing to 
the isotopic variation as small changes in temperature, pH and f02 can 
induce large changes in the sulphur isotopic values of sulphur-bearing 
minerals (Ohmoto and Rye, 1979) . 

The 8~S value of 0 per mil suggests two possible sources for the sulphur, 
namely: direct contribution from magmatic sources, and dissolution of 
juvenile sulphide minerals by metamorphic fluids. The sulphur isotopic data 
do not adequately discriminate between the two (Colvine et al., 1988). 

3.4.3. Carbon Isotope Constraints 

Carbon isotope data from both the Abitibi Subprovince and the Yilgarn Block 
are similar, and imply a similar auriferous fluid source (Colvine et al., 
1988) . 813C values for total dissolved carbon in the auriferous 
hydrotherma 1 fl u i d (based on the 813C va 1 ues of carbonate minera 1 s) range 
from -8 to -3 per mil, and have a median value of -3,5 per mil (Colvine et 
al., op. cit . ) . This is consistent with a magmatic source (Burrows et al., 
1986), although a metamorphic origin cannot be ruled out. Possibilities 
include the dissolution of carbonate related to regional zones of 
carbonatization and regional faults (Perring et al., 1987). 

3.4.4. Oxygen and Hydrogen Isotope Constraints 

8180 and 8D values for the water component of ore fluids within the Yilgarn 
Block of Western Australia, and the Superior- and Slave-Provinces of 
Canada, lie in the range +2,5 to +10,0 per mil and 0 to -70 per mil, 
respectively (Colvine et al., 1988). As illustrated in figure 6, the data 
lie in the overlapping fields of magmatic and metamorphic fluids, and 
therefore do not adequately discriminate between them. 

3.4.5. Summary of Constraints 

Fluid inclusion and isotopic data identify two possible orlglns for 
auriferous fluids with similar compositional and isotopic characteristics 
to those observed with in Archaean lode go 1 d depos its, name ly metamorph i c 
and magmatic. To date, fluid inclusion studies and stable isotop ic data 
cannot satisfactorily discriminate between the two processes. 
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Figure 6. 5180 vs. 5D isotopic fluid classification diagram. showing the 

empirical fields f or magmatic and metamorphic fluids. and the meteoric 

water line. The fields for data from Archaean gold deposits are 

indicated (after Colvine et al .• 1988). 

3.5. Timing 

Gold was introduced in a single event that followed the intrusion of syn­
to late-tectonic felsic plutons into previously deformed volcano­
sedimentary sequences in the greenstone belts (Colvine et al., op. cit.). 
Barley. and Groves (1990) state that this event is closely associated with 
the f i na I stabi I i zat ion of Archaean cratons. The approx imate age of the 
gold mineral ization event within the Superior Province of Canada ranges 
from 2718 to 2660 Ma (Colvine et aI., 1988) . Similar ages for gold 
mineralization occur within other Archaean granite-greenstone terranes. 
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4. Models of Archaean Granite/gneiss-hosted Gold Mineralization. 

The origin of the Archaean gold-bearing fluids has been a major controversy 
of the past decade. Two major theories exist. Thl. first, termed the 
magmatic model, holds that the hydrothermal fluids responsible for gold 
mineralization are magmatic in origin and are derived from granitic 
/porphyritic intrusions . The second proposal is that the hydrothermal 
fluids were derived by metamorphic dewatering during prograde metamorphism, 
and is known as the metamorphic replacement model. These models are now 
reviewed. 

4.1. Magmatic Model. 

The major factor influencing the impetus for th i s model is the close 
spatial association between gold deposits and certain granites, 
part i cu 1 ar ly in Canada and Zimbabwe. It must be emphas i zed however, that 
gold deposits are by no means confined to the vicinity of granitic 
intrusions, and in many cases there is no evidence that these intrusions 
could have given rise to the observed mineralization in gold deposits. 

Recent reviews of Archaean lode gold deposits believed to be magmatic in 
origin are supplied by Mann (1984)i Wood et. al. (1986)i Burrows et al. 
(1986)i Burrows and Spooner (1987); Cameron and Hattori (1987)i Burrows and 
Spooner (1988), Fyon et al. (1988) and Spooner (1991). 

The actual magmatic processes involved in the evolution of magmatic­
hydrothermal gold deposits can, for convenience, be subdivided into 
orthomagmatic-, transitional- and hydrothermal-processes. Most of the 
following summary is based on Burnham and Ohmoto, (1980). Orthomagmatic 
processes invo 1 ve the in it i a 1 generation of s i 1 i cate me lts by part i a 1 
melting of older rocks. Transitional processes begin when orthomagmatic 
processes are sufficiently advanced to form a separate aqueous magmatic 
phase . The lower limit for transitional processes can be arbitrarily set at 
the H20-saturated solidus of the magma. This stage marks the beginning of 
the hydrotherma 1 processes and invo 1 ves aqueous fl u i ds and so 1 i d phases 
(hydrothermal fluids and wallrocks). 
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4.1.1. Orthomagmatic processes 

The orthomagmatic processes that are relevant to ore-formation begin with 
the generation of magmas by partial melting of older rocks. The partial 

melting is induced by the presence of H20, and the amount of melt produced 
is direct ly proport i ona 1 to the H20 content of the ori gi na 1 rock. For a 
geologically reasonable H20 content of 1,0 wt.% within the original rock, 
the amount of melt produced typi ca lly ranges from 10 to 25% (Burnham and 
Ohmoto, op. cit.). 

The influence of the total H20 content of a given source rock on the amount 
of melt produced is important as it provides a mechanism for greatly 
enriching early-formed partial melts with certain elements, compared to the 
concentration of these elements in the original source rocks. The 
enrichment factors of elements that are contained in minor mineral phases 
of the source rocks, and which dissolve completely in early formed melts, 
are inverse ly proport i ona 1 to the H20 content of the source rock. On the 
other hand, the enrichment factors of elements contained within major 

mineral solid solutions which coexist with early-formed melts, are 
dependent upon the part i t i on coeffi c ients amongst the coexi sti ng phases 
(Burnham and Ohmoto, op. cit.). For example, copper is highly concentrated 
in the minor iron-rich sulphides of mafic amphibolites and may undergo a 
five-fold or greater enrichment in early formed melts. However, an element 
such as lead can easily substitute for potassium in alkali feldspars, and 
therefore undergoes little, if any enrichment in melts formed from 
metasedimentary rocks. 

In areas of great crustal pressure (depth), such as deep continental crust 
- and even greater pressures within SUbduction zones, the parental rocks 
have essentially zero porosity, and the water probably occurs as the (OH)­
ion (Burnham and Ohmoto, op. cit.). In mafic rocks, the predominant hydrous 
mineral is amphibole, whilst in felsic metasedimentary rocks, the hydrous 
minerals are mostly represented by micas. Mafic source rocks tend to have 
higher average contents of base- and precious-meta 1 s compared to fe 1 sic 
metasedimentary rocks; hence their partial melts (magmas) are enriched in 
these elements. Fe 1 sic source rocks, on the other hand, tend to yi e 1 d 
partial melts that are enriched in tin, the alkali metals, beryllium etc., 
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(Burnham and Ohmoto op. cit.). Therefore, magmas derived from mafic source 
rocks are favoured for gold mineralization, and should be preferably meta­
aluminous in composition (Whitney, 1988). 

At depths shallower than about 70 km, a non-porous mafic amphibolitic rock 
begins to melt at temperatures between 9400C and 10400 C, and the H20 
content of the melt must exceed 2,7 wt.%. At greater depths (75 - 80 km) as 
in subduction zones, amphibole is not stable at any temperature, and the 
amphibolitic rock can begin melting at about 660°C. However, for melting to 
occur at such low temperatures, 
H20 (Burnham and Ohmoto; 1980). 

the melt must contain approximately 27 wt.% 
This is illustrated in figure 7. 

The minimum of 2,7 wt.% H20 in the initial melt is important because: (1) 
it ensures that the magma wi 11 evo 1 ve a 
upon cooling and crystallization when 

separate magmatic aqueous phase 
emplaced in shallow crustal 

environments necessary for hydrothermal ore processes to operate; (2) it 
greatly enhances the solubilities of metal sulphides in initial melts 
compared to solubilities in anhydrous melts of the same silicate 
composition through equilibrium reactions such as 2Fe5 (solid) + 2H20 
(melt) + 5i02 (melt) ---> Fe25i04 (melt) + 2H25 (melt); thereby providing 
the hydrous magmas with high sulphur carrying capacity; and (3) hornblende 
and/ or biotite generally crystallizes from these magmas upon cooling at 
depths greater than about 2 km; thus providing a possible exploration guide 
for intrusive igneous bodies that might have been associated with 
hydrothermal ore forming processes. The dioritic to granodioritic 
compositions of the hydrous magmas formed is important, because most 
magmatic-hydrothermal ore deposits are associated with intrusive igneous 
bodies of these compositions (Burnham and Ohmoto, op. cit.). 

The intrusive igneous bodies associated with magmatic-hydrothermal ore 
mineralization are usually emplaced at depths of less than 10 km. Many of 
these intrusions reach depths as shallow as 1 or 2 km, and some appear to 
have vented at the surface (Burnham and Ohmoto, op. cit.). It should be 
noted that granitic magmas with water contents greatly in excess of 4 wt.% 
are unsuitable for magmatic-hydrothermal deposits as they would become 
vapour saturated at high pressures, and wou 1 d tend to crysta 11 i ze duri ng 

ascent to a fine-grained granite before reaching shallow depths (Whitney, 

1988) . 
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Figure 7, Pressure-temperature projections of melting relations for 

muscovite- and biotite-bearing schists and gneisses, and hornblende­

bearing basaltic amphibolites, The curves labelled GD-S and BA-S(aw=l) 

are the H20-saturated solidus f o r average granodiorites and basaltic 

amphibolites, respectively; the curves labelled Mu-S (8,4% H20), Bi-S 

(3,3% H20), and BA-S (2,7% H20) represent the divariant, fluid-absent, 

beginning of melting of non-porous gneisses and amphibolites. The 

percentage H20 figures are the H20 contents, in weight percent, of the 

first-formed melts produced by incongruent solutions of muscovite, 

biotite and hornblende, respectively (after Burnham and Ohmoto, 1980), 

Duri ng the coo 1 i ng of gran iti c me lts, fract iona 1 crysta 11 i zat i on occurs, 
and results in the concentration of ore metals, sulphur and chlorine in the 
more hydrous residua l melt . Further cooling and resultant fractional 
crystallization beyond these points of H20-saturation (Fig . 7), results in 
the H20 separating from the residual melt by retrograde boiling, thus 
becomi ng a separate f 1 ui d phase. Eventua 11y I a 11 the H20 content of the 
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except the structurally bound fluid within hydrous 
as a separate fluid phase (Burnham and Ohmoto, op. cit.). 

The evolution of this separate, H20-rich (aqueous) volatile phase, is 
controlled principally by the solubility of H20 in the melt. This H20 
solubi 1 ity is strongly pressure dependant, but weakly temperature 
dependant. For example, at a pressure of 500 bars, which is approximately 
the lithostatic pressure at a depth of 2 km, the maximum solubility of H20 
in melts of granitic compositions is only 2,7 to 3,0 wt.%, whereas at a 
pressure of 2000 bars (8 km depth), it is 6,1 to 6,4 wt.%. At 5000 bars (18 
km depth). it is 9 to 10%. According to Burnham and Ohmoto (op. cit.), 
melts initially containing 2,0 wt.% HzO, would become H20-saturated after 
about 33% crysta 11 i zat ion at 2 km, 73% crysta 11 i zat ion at 8 km and 83% 
crystallization at 18 km. 

4.1.2. Transitional Processes 

In terms of this discussion, transitional processes begin with the 
formation of a separate magmatic volati le (aqueous) phase by retrograde 
boil ing. Phys i ca lly, trans it i ona 1 processes are characteri zed by vo 1 ume 
changes that accompany the second boiling reaction: H20-saturated melt ---> 

crystals + volatile phase. Chemically, transition processes are dominated 
by melt-volatile (aqueous fluid) equilibrium. These processes are now 
discussed. 

Physical Processes 

A hydrous magmatic body that is emplaced within colder wallrocks, must lose 
heat to its surroundings; hence crystallization generally proceeds inwards 
from the walls of the magma chamber. As there is a very low diffussivity of 
dissolved HzO in silicate melts; the magma first becomes H20 saturated at 
the margins . The resu ltant H20 saturated ri nd effect i ve ly i so lates the 
interior from the transfer of matter (except hydrogen), either in or out 
(Burnham and Ohmoto, op. cit.). 

As second boi 1 ing proceeds within the H20-saturated carapace, the magma 
body must either expand or the internal pressure must increase because the 
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reaction, H20-saturated melt ---> crystals + volatile phase, results in an 
increase in volume at all crustal pressures. This increase in volume is 
more or less directly proportional to the H20 content at saturation, and 
inversely propor+; 0nal to pressure . An example is a gt c'u;udioritic melt 
containing 2,7 wt.% H20. As illustrated in figure 8, the rock will expand 
nearly 50% upon complete crystallization at a depth of 2 km (550 bars). At 
a depth of 4 km, the same body will expand approximately 15% after complete 
crystallization. At the shallow depths described above, most wall rocks 
have high rigidity and cannot accommodate such large increases in volume . 

Mech. Energy (PAVr ) , Ergs km-3 of Magma x 10-23 
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Figure 8. The change in volume (lower abscissa) in t he s econd-boiling 

reaction : H20-saturated melt ---> crystals + vapour. Values of BVr and 

PBVr are for complete crys t a l lization of a granodioritic magma with an 

initial H20 content of 2,7 wt. Z. The depth of transition between 

'explosive' (volcanic eruption) and 'strong' fracture regimes is 

approximate, as it depends upon the size and shape of the magma body 

(after Burnham and Ohmoto, 1980). 
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Therefore, as cooling and crystallization proceeds, the internal pressure 
within the H20-saturated carapace must increase and could reach several 
thousand bars. As the tensile stress of the wall rocks are at most a few 

hundred bars, brittle failure occurs. Expansion generally occurs within a 
horizontal plane as this is the plane of least principal stress. The 
resu 1 tant fracturi ng tends to be subvert i ca 1. The expans i on of the magma 

also causes stress within the surrounding host rocks, and results in small, 
upward propagating fractures. Quartz veins and quartz stockworks are mostly 
associated with these fractures (Burnham and Ohmoto, op. cit.) . 

Thus the major cause of fracturi ng appears to be the mechani ca 1 energy 
released by second boiling during the cooling of a shallow seated hydrous 
magma. The fracturing is essential in the localizing of the ores in most 

magmatic-hydrothermal ore deposits, as they represent permeable channelways 
for the migration of hydrothermal ore forming fluids, irrespective of their 
origin (Burnham and Ohmoto, op. cit.). 

Chemical Processes 

The generation of the magmatic aqueous phase by second boiling is 
accompanied by partitioning of all elements in the system, such that the 
chemical potential or fugacity of each chemical species is the same in all 
phases at equilibrium (Burnham and Ohmoto, op. cit.). Chlorine occurs 
within the silicate melts as the chloride ion (Cl·) and during second 

bo i 1 i ng, it is part i t ioned strong ly towards the magmat i c aqueous phase as 
(1); chloride minerals are not stable in magmas of intermediate to felsic 
compositions and (2); it forms highly stable neutral chloride complexes 

with hydrogen, alkali metals, alkaline earths, and heavy metals in aqueous 
solutions at magmatic temperatures and low to moderate pressures. A 
chemi ca 1 reacti on to account for the transportat ion of go 1 d as ch lori de 
complexes in magmatic fluids is: 

Au + aHCl + b02 ---> [Au complex) + cH20 

(after Henley, 1973). 

Sulphur occurs within hydrous melts principally as thiosulphide complexes, 
and is also partitioned strongly in favour of the magmatic aqueous phase. 

Low concentrations of CO2 occur within felsic melts and also partition into 
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the volatile phase, but do not greatly affect transitional processes 
(Burnham and Ohmoto, op . cit.) . 

Partition coefficients of the ,,!:';;ve-mentioned volatiles between the aqueous 
fluid and the melt appear to be relatively insensitive to temperature, and 
except for sulphur, pressure. The partition coefficient of sulphur is 
sensitive to both H20 pressure and to oxygen fugac i ty (fo2 ) because sulphur 
exists within the aqueous phase as H2S and S02 ' whereas within the hydrous 
melts, it occurs as thiosulphide complexes (HS-). At a given phase 
assemblage and constant f02, increasing pressure (fH2, hence fH20) increases 
the proportion of H2S to H20 in the aqueous phase; hence the partition 
coefficient for sulphur (:SSv/:Ssm) is decreased. If the pressure i s kept 
constant and the f02 is increased, the concentration of hydrogen is 
decreased within the system, and the proportion of S02 is increased; hence 
the partition coefficient for sulphur is increased. The above-mentioned 
behaviour of S occurs because S02 is much less soluble than H2S in hydrous 
magmas. Therefore the partition coefficient of sulphur between the aqueous 
phase and the melt is much higher in magmas with high oxygen fugacity 
compared to those with low oxygen fugac ity. These high f02 magmas may 
therefore contain potentially high concentrations of sulphur and heavy 
metals (almost entirely as chlorides; Burnham and Ohmoto, op. cit.) . 

The f02 of a magma, pri or to the onset of second bo il i ng, is 1 arge ly 
controlled by the Fe3 +/Fe2+ ratio in the magma, and this in turn is 
controlled by the type of source rock from which the magma is generated . As 
illustrated in figure 9, the f02 in felsic magmas that were generated by 
partial melting of metamorphic, volcanic and igneous rocks, is generally 
higher than that of the QFM buffer (Carmi chae 1 et a 1., 1974). The S02/H2S 
fugae ity rat i 0 ranges from 0,1 to 10. The f02 of fe 1 sic magmas that were 
generated by part i a 1 me 1 t i ng of carbonaceous meta sed iments, on the other 
hand, are genera lly lower than the QFM buffer and the S02/H2S fugae ity 
ratio is generally much smaller than 0,01. 

Sil ica, together with KC1 , NaCl, HC1, CaC12, FeC1 2, and FeC1 3 , form the 
major portion of the total dissolved solutes in the magmatic aqueous phase 
of granodioritic magmas. Their relative proportions (e .g. NaCl/KCl ratio) 
are strongly dependant upon melt composition, pressure and the nature of 
the coexisting mineral assemblage (Burnham and Ohmoto, op. cit.) . 
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Figure 9. Oxygen fugacity vs. temperature relations for the predominant 

sulphur species and carbon species (broken lines) in aqueous fluids, 

and the stability fields of pertinent iron-bearing mineral assemblages 

(solid lines), all at approximately 1kb. The S02!HS04· and HS04·! H2S 

boundaries are for unit activity ratios at pH = 4. Mineral equilibria 

represented are: (1) magnetite + hematite, (2) fayalite + magnetite + 
quartz, (3) pyrrhotite + pyrite + magnetite, (4) biotite (38% annite) + 
K-feldspar + magnetite, and (5) anorthite + K-feldspar + pyrite + 

muscovite + quartz + anhydrite. Also shown (stippled) are approximate 

f02 - T fields for typical magnetite-bearing 'I-type' and 'S-type' 

felsic magmas, as well as for porphyry copper-gold and porphyry tin 

types of mineralization (after Burnham and Ohmoto, 1980). 

L itt le is known about the part i t ion ing of most ore meta 1 s and aqueous 

chloride solutions, however as gold is preferentially associated with 

sulphide metals, it is expected that aqueous chloride solutions in which 
the fugacity of 502 is approximately equal to, or greater than H25, should 
be effective in scavenging a magma and adjacent wallrocks of their metal 
content. Consequently, aqueous fluids that separate from so-called I-type 
magmas tend to produce sulphide-rich mineralization, whilst fluids derived 
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from so-called S-type magmas produce sulphide-poor type mineralization. As 
gold is prefentially associated with sulphide-related minerals, high f02 , 

I - type magmas are preferable for potential gold mineralization . 

Finally, it should be noted that fluids originating from chloride-poor 
magmatic sources are generally poor in HC1, sulphur, iron and other metals; 
but richer in silica and alumina (Burnham and Ohmoto , op. cit.). 

4.1.3. Hydrothermal Processes 

The boundary between transitional processes and hydrothermal processes is 
the temperature, for a gi ven tota 1 pressure , be 1 ow wh ich the hydrous 
silicate melt is not thermodynamically stable. This boundary may be sharp 
in some systems and gradational in others . Burnham and Ohmoto (op. cit . ) 
places the boundary at the H20-saturated solidus of the magma (Fig. 7). The 
trans i t ion occurs wi th fa 11 i ng temperature or a marked decrease in fl u i d 
pressures, and results in disequilibrium conditions between wallrocks and 
fluids. The degree of disequilibrium depends on the init i al conditions of 
equilibrium within the magmatic system, and also the extent to which 
pressure and temperature decrease. It should be noted that transitional 
processes and hydrothermal processes may coexist in some instances . 

Aqueous chloride solutions from high temperature magmatic sources tend to 
be HC1-ri ch. At hi gh temperatures, these hydrotherma 1 fl ui ds wi 11 react 
with the wall rocks to produce aluminium-silicate alteration with or 
without biotite; and muscovite (sericitic, phyllic) alteration at lower 
temperatures (Fig. 10). Fluids that equilibrated with hornblende-bearing 
magmas are enriched in KCl relative to NaCl and HC1; hence potassic 
alteration occurs. This potassic alteration is indicated by the production 
of biotite and potassic feldspars, and is caused by the exchange of 
potassium with sodium and especially calcium. These exchange reactions 
lower the KC1/HCl ratio in the aqueous phase, which leads to entry into the 
muscovite stability field (H+ metasomat i sm; sericitic or phyllic 
alteration) near its high temperature limit for the prevailing pressure. 
Therafter, further coo 1 i ng of the fl u i ds causes the KC1/HCl rat i 0 to 
increase as K-rich fe ldspar is converted to muscovite and quartz. 
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The decrease in pressure and temperature associated with the escape of the 
magmatic aqueous phase into fractured wallrocks may result in condensation 
of a chloride-rich liquid consisting mainly of NaCl, KCl and iron­
chlorides. Due to differences in density, the liquid may become separated 
from the gaseous volatile phase, which is enriched in HC1, CO2, S02 and 
H2S. It is this acid-enriched volatile phase that may be responsible for 
part of the sericitic and argillic alteration in the upper (outer), cooler 
parts of the fracture systems (Burnham and Ohmoto, op. cit.). 
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Figure 10. Log (mvK+KO/mvH+HO) vs. temperature at 1 kb showing variations 

in mVKO/ mvHO of magmatic aqueous chloride solutions as a function of 

phase assemblage, and possible non-equilibrium cooling paths of these 

fluids in a porphyry fracture system. Solid circles represent 

compositions of aqueous chloride solutions in equilibrium with 

granodioritic magmas, and open circles represent fluid compositions at 

isobaric invariant points (H20-saturated solidus and the muscovite + 
quartz ---> K-feldspar + aluminium silicate + 'vapour' equilibrium), 

(after Burnham and Ohmoto, op. cit.). 
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Hydralysis .of S02-rich fluids belanging ta I-type, high f02 magmas (4S02 + 

4H20 ---> H2S + 3 H2S04 ) results in a cantinuaus increase in the activities 

and cancentrat ian .of bath H2S and aqueaus su 1 phates. The temperature at 

which this hydralysis .occurs depends an several factars, including pH, 

tatal fluid pressure, mNaCI ' mKCI and meaD' but mastly ranges fram 500°C ta 

350°C. The presence .of ferraus iran-beari ng minera 1 sin wa 11 rocks may cause 

the activity .of H2S ta be increased at the expense .of S02 (S02 + 6FeO + H20 

---> H2S + 3Fe203 ). In either case, the increased activity .of H2S causes 

precipitatian .of sulphide are minerals fram the metal chlaride camplexes 

(mainly .of iran) in aqueaus salutian which, in turn, praduces HCl (4FeC1 2 + 

7H2S + H2S04 ---> FeS2 + 4H20 + SHC1). Gold is generally associated with 

these sulphides (e.g., Saager and Meyer, 19S4). The praduction of HCl also 

results from the precipitation .of anhydrite (CaC1 2 + H2S04 ---> CaS04 + 

2HC1) from the aqueous CaC1 2 produced in K <---> Ca exchange reactions, and 

by direct reaction .of H2S04 with calcium-bearing minerals in the wallrocks. 

4.1.4. Styles of gold mineralization 

Magmatic-derived, Archaean granitic gold deposits are most likely to 

consist .of quartz veins representative of brittle and brittle-ductile 

shears, and stackworks associated with small, late-Archaean, hydrothermally 

altered, preferably meta-aluminous granitic plutons. 

Gold deposits in granitic racks in Zimbabwe most commonly cansist .of quartz 

veins canfined between well developed shears in the granite (e . g., Galden 

Oriole Mine in Esigadini; Mann, 19S4). The gold .occurs in the quartz veins 

and is generally associated with sulphide mineralizatian which is 

concentrated near one or other of the sidewalls . Wallrock alteration is 

usually confined to greisenization of the granite and the introduction of 

minor diffuse sulphides into the immediate walls of the vein. Where the 

veins are assaciated with megaxenaliths within the granites, sulphide 

minera 1 i zat ion tends to concentrate on the side c lasest to the xeno 1 ith. 

Disseminated sulphides; mostly pyrite, occur far distances up to 200cm into 

the xenaliths (Mann, op. cit . ). Stockwarks are less common than the vein 

depos i ts, and may be subd i v i ded into two types. The one is a netwark of 

fine sulphide veinlets, with or without quartz in the granite (e.g., 
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Grandeur Mine; Robertson, 1976). The other, typified by the Ayrshire 
orebody (Stagman, 1961), consists of a series of quartz veinlets in a mafic 
mega-xenolith in otherwise unmineralized granite (Mann, 1984). Minerals 
as~ociated with gold deposits in granitic rocks in Zimbabwe 
arsenopyrite, scheelite, molybdenite, chalcopyrite, galena, 
stibnite and pyrrhotite (Mann, op. cit.). 

4.2. Metamorphic Replacement Model 

are pyrite, 
sphalerite, 

Groves and Phillips (1987) provide an extensive review of the metamorphic 
replacement model, which forms the basis of the following discussion. They 
propose that the hydrothermal ore fluids originated by the dehydration and 
decarbonation of volcanic rocks deep in the greenstone pile, above 450·C 
during upper greenschist and amphibolite facies metamorphic conditions, 
giving rise to low salinity H20-C02 fluids. 

Komatiitic lavas are favoured to be the major source of the gold. According 
to Keays (1984), the komatiites should be enriched in gold relative to the 
more widespread tholeiitic basalts as the sulphur solubility is generally 
low at temperatures required to produce tholeiitic magmas «0,1 wt.% S), 
and may be exceeded at or near the source. Therefore, precious metals that 
partition strongly into immiscible sulphide liquids, are lost from magmas 
at source, and the resultant basaltic rock has a low gold content. 
Komatiitic magmas, on the other hand, represent higher degrees of partial 
me lt ing at higher temperatures where su 1 phur so 1 ubil ity is enhanced, and 
the possibility of earlier formation of immiscible sulphides is much lower. 
Hence, komatiitic magmas may be erupted below sulphur saturation, but 
exsolve immiscible sulphides, containing gold during crystallization, 
thereby providing a suitable source of gold and sulphur during later 
metamorphic leaching (Groves and Phillips, 1987). 

4.2.1. The Genetic Model 

A diagrammatic representation of the metamorphic replacement model, 
proposed by Groves and Phillips, (op. cit.) is illustrated in figure II. 
The metamorphic fluids originated by devolatilization of volcanic rocks 
deep in the greenstone pi le duri ng prograde metamorph i sm at amph ibo 1 ite 
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facies with high geothermal gradients and in the absence of significant 
me 1 t i ng. They evo 1 ved from gra i n reacti ons, and therefore had effect ive 
contact with the whole greenstone pile and the ability to extract Au and 
other ore components efficientiy. 

The syn-kinematic felsic intrusives and granitoids commonly associated with 
Archaean gold mineralization may represent emplacement of magmas formed by 
deep crustal melting during the same thermal event that induced 
metamorphism in the greenstone belts at higher crustal levels (Groves and 
Phillips, op. cit.). Both magmas (described above) and hydrothermal fluids 
used available structural channelways. 
helped to redistribute heat and provide 

Possibly, these intrusive rocks 
some hydrothermal fluids locally. 

Carbon isotope data suggest that mantle-derived carbonate was the source of 
CO2, rather than sea-floor alteration (Groves and Phillips, op. cit.). 
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Figure 11. Schematic representation of the metamorphic replacement model 

for the generation of Archaean gold deposits showing fluid access and 

siting of gold deposition. Early carbonation is showed schematically 

(after Groves and Phillips. 1987). 
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In the source region, conditions of low fluid/rock ratios existed. The hot, 
CO2-H20-rich, low-salinity and low-density fluids were focussed and 
channelled upwards by greenstone-scale faults and shear zones. Fluid 
channelization into fault zones probably took place via mass-transfer 
processes such as seismic pumping; resulting in high fluid/rock ratios 
along channelways. 

The process of seismic pumping is caused by contrasting fluid-pressure 
and/or temperature regimes within the first- and second-order fault 
structures (Chapter 3). Prior to brittle failure, fluid pressures increase, 
then drop to a minimum after fai lure. This causes a pressure gradient 
between the first-order structures with relatively constant fluid pressure, 
and the second-order structures with periodically varying fluid pressure. 
The result is a net fluid flow into the latter with a high fluid/rock ratio 
(Kerrich, 1985; Neall, 1987). Note that this type of environment is more 
common within sub-amphibolite facies domains. 

The derivation and/or interaction of fluids with mafic-ultramafic sequences 
accounts for their near-neutral to slightly'alkaline character, with gold 
and as soc i ated elements bei ng transported as reduced su 1 phur comp lexes 
[e.g., HAu(HS)2; Groves and Phillips, 1987]. The common association of gold 
with arsenic and antimony suggest that arsenothio- and antimonothio­
complexes [e.g., Au(AsS2)O, Au (AS3 )2- and Au(Sb2S4)-] may also be 
significant in the transport of gold in hydrothermal solutions (Seward, 
1984) . 

Gold deposition took place mostly within sub-amphibolite facies conditions, 
in the P-T range 300-450°C at 1-2 Kb, owing to the solubility decrease of 
reduced sulphur complexes below 500°C (Seward; 1979, 1984). Many large 
gold deposits formed due to sulphidation of the wallrocks where structural 
channelways such as faults or shear zones intersected Fe-rich tholeiitic 
basalts or dolerites within greenschist facies domains. Stratabound, or 
locally stratiform ores also formed, due to sulphidation of fracture zones 
within oxide-rich BIF-units (fig ll). Other deposits formed when fluid -
wall rock interactions with less Fe-rich rocks caused fluid oxidation or 
reduction and/or lowering of pH, resulting in significant gold deposition 
where very large and efficient channelways were present. Felsic intrusions 
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and granitoids also host gold deposits, but are in the minority, possibly 
due to their low Fe-content. 

The i,;~ tamorph i c rep lacement mode 1 a llows some go 1 d depos its that were 
formed initially at greenschist facies conditions to be overprinted by 
amphibolite facies metamorphism (e.g. Big Bell in Western Australia). 

Phillips (1985) states that although the metal associations at Big Bell are 

simi lar to greensch i st fac i es Archaean go ld depos i ts, there is alack of 
CO2 and depletion of Na; which may be expected at the prevailing 

amphibolite facies conditions. He envisages the introduction of gold-rich 
hydrotherma 1 fl u i ds pri or to the peak of metamorph i sm, probab ly under 
greensch i st faci es cond i t ions as per the metamorph i c rep lacement mode 1. 

However, the mineralization was overprinted at a later stage due to 
continuing prograde amphibolite facies metamorphism. Small-scale 
remobilisation and concentration of gold occurred in response to the 
introduction of retrogressing fluids after the peak of metamorphism. 

4.2.2. Styles of Gold Mineralization 

Figure 12 briefly summarises the styles of gold mineralization associated 

with Archaean epigenetic gold deposits in Western Australia. 
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Figure 12. Schematic representation of the nature of Archaean gold 

mineralization showing various structural styles and host rocks (after 

Groves and Phillips, 1987). 
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As illustrated, the gold mineralization appears to be structurally 
controlled, and varies from alteration haloes (+/- quartz veins) in shear 
zones, through 1 ami nated quartz veins in shear or fau lt zones, to quartz 
vein stockwork deposits in volcanic/intrusive hosts, as well as stratabound 
and locally stratiform deposits in BIF and Fe-rich sediments. 

Gold deposits in sub-amphibolite facies domains have distinctive alteration 
haloes, with zones of intense K-mica (+/- albite), ankerite-dolomite and 
Fe-su 1 phide a lterat ion surrounded by broader zones of carbonat i on. The 
gold commonly occurs as submicroscopic grains within Fe-sulphides (+/­

arsenopyrite) in the alteration assemblage rather than within syn- to post­
tectonic quartz veins. This association of gold with sulphides, together 
with the iron-rich nature of the mafic host-rocks and lack of mobility of 
Fe, suggests that gold deposition was related to sulphidation of Fe-rich 

wall rocks (Phillips and Groves, 1983; Neall, 1985) for most large 
depos its. Ag, As, B, Sb and Ware genera lly assoc i ated with the go 1 d 
mineralization. Base-metals are in the minority (Groves and Phillips, 
1987), although exceptions do occur. 

4.3. Magmatic or Metamorphic Fluids? 

The close spatial, structural and time relationships between Au-quartz vein 
minera 1 izat i on and granite i ntrus ions (Chapter 3) are the major factors 
supporting a magmatic origin for the gold-bearing fluids. However, Fyfe and 
Kerrich (1984) maintain that the granite intrusions commonly associated 
with gold mineralization are volumetrically insignificant and could not 
have produced the volume of ore fluid necessary to produce a reasonable 
gold deposit. As previously discussed, granitic melts containing greater 
than 4 wt.% water are unsuitable for magmatic-hydrothermal deposits as they 
would become vapour saturated at high pressures, and would tend to 
crystallize before reaching shallow depths (e.g., Whitney, 1988). 

Instead, Groves and Phillips (1987) propose that the magmas and 
mineralization are a product of the same thermal event, with magmas 
representing melting at deeper crustal levels. According to the metamorphic 
replacement model, these magmas may be selectively emplaced along crustal 
fractures that also localised earlier mantle degassing and controlled the 
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1 ocat ion of 1 ater greenstone sca le fau lts, and hence the sit i ng of go 1 d 
mineralization. 

Metamorphic fluids on the other hand, are an integral part of greenstone 
belt development and represent a potentially huge reservoir of gold-bearing 
fluids. Assuming this to be correct, an important question arises - if the 
fluids are of metamorphic origin, why do all metamorphic terranes not 
contain gold deposits? 

An answer to this question probably lies in the presence of gold in an 
available form for metamorphic leaching in Archaean mafic-ultramafic 
sequences, but the P-T conditions of metamorphism are potentially a more 
critical factor (Groves and Phillips, 1987). An important characteristic of 
greenstone belt evolution is the typical low pressure metamorphism (e.g. 
Binns et al., 1976), implying high geothermal gradients. This means that 
the isotherms may have been closely spaced in the greenstone pile, causing 
devo 1 at i 1 i zat ion to occur over a sma 11 interva 1; thus provi ding idea 1 
conditions for intense focussing of large volumes of ore fluid (Groves and 
Phillips, 1987). Furthermore, an important consequence of a high geothermal 
gradient and low pressures is the increased importance of devolatil ization 
reactions compared to melting reactions. Crustal melting will produce melts 
with significant amounts of dissolved H20, thereby reducing the amount of 
fluid available for gold transport. Figure 13 illustrates how low pressures 
and high geothermal gradients are vital for the production of large volumes 
of metamorphic fluid. 

Groves and Ph ill ips, (1987) state that a 1 though it is d i fficu lt to prove 
conclusively that the hydrothermal systems responsible for the formation of 
Archaean epi genet i c go 1 d depos its were domi nated by metamorphi c fl u ids, 
such a model is favoured for the following reasons:-

1) It explains the universal occurrence of gold deposits in Archaean 
greenstone belts. 

2) It is consistent with deposit location, primarily in greenschist facies 
domains in low-pressure metamorphic terranes. 
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3) It is cons i stent with broad timing constra i nts, and with heated wa 11 
rocks implied by the lack of vertical zonation. 

4) ;~ explains the association of mineralization with faults and shear 
zones in greenschist terranes. 

5) It could potentially explain the limited range of ore fluid compositions 
if they are buffered by assemblages in largely mafic-ultramafic lithologies 
during prograde metamorphism. 

6) It explains the apparent lack of a consistent association between gold 
deposits and specific igneous rock types on a world wide scale. 

Finally, it is probably correct to say that magmatic and metamorphic­
rep 1 acement mode 1 s for Archaean granite/gnei ss-hosted go ld mi nera 1 i zati on 
form end members of a vast array of types of gold deposits. 
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Figure 13. P-T paths illustrating the importance of a high geothermal 

gradient in the generation of auriferous metamorphic fluids. Palli A at 

pressures above the A12SiOs triple point leads to vapour-absent melting 

(curve ii), effectively eliminating the potential for substantial fluid 

generation from dehydration reactions. Palli B, at lower pressures, leads 

to dehydration at lower temperatures than melting, with the potential 

for large volumes of metamorphic fluid with gold leaching and 

transporting capabilities (after Groves and Phillips, 1987). 
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4.4. Exploration targets for Archaean granite-/gneiss-hosted gold deposits. 

For a gold deposit in the Abitibi greenstone belt, Hodgson and Troop (1988) 
used a go 1 d-assay cutoff va 1 ue of 19/metri c ton over wi dths of at least 
several metres, or higher grades over narrower widths and/or verbal 
descriptions that indicate such values (e.g., visible gold, significant 
values, etc.) . It should be emphasized that according to this definition, a 
depos i tis not necessarily an economi ca 11y exp loitab le concentrat i on of 
minerals under present, or any forseeable future economic conditions, 
a lthough further exp lorat ion mi ght lead to the discovery of an economi c 
deposit on the site of a known deposit. These criteria, used by Hodgson and 
Troop (op. cit.) for a gold deposit within the Abitibi greenstone belt, are 
also applicable to this project. 

The 'magmatic' and 'metamorphic' exploration targets for Archaean granite­
/gneiss-hosted gold deposits are similar despite the different processes 
involved in the formation of the gold deposits. 

The exploration target according to the 'magmatic' model is a late 
Archaean, meta-aluminous, hydrothermally altered granitic intrusion 
associated with the third magmatic cycle (Chapter 2); preferably (but not 
necessarily) with a granodioritic/quartz-dioritic composition. The granite 
should contain extensive shearing in the form of brittle and brittle­
ductile quartz veins, and be hydrothermally altered. The hydrothermal 
alteration should be represented by a potassic alteration zone surrounded 
by a propylitic alteration zone. These alteration zones may be overprinted 
by phyllic alteration, consisting of quartz-sericite-pyrite mineralization 
within stockworks or shears within the intrusion. Carbonate alteration may 
a 1 so be present. A lbit i zat i on is a common a lterat i on feature of Archaean 
granite-hosted gold deposits, and is possibly controlled by the hydrolytic 
breakdown of alkali feldspar to albite plus sericite (Colvine et al., 
1988). The gold mineralization should occur within the potassic- and 
phyllic-alteration zones, quartz veins and quartz stockworks. Gold may be 
present in its native state, or be associated with sulphide minerals such 
as pyrite, arsenopyrite, scheelite, molybdenite, chalcopyrite, galena, 
sphalerite, stibnite and pyrrhotite (Mann, 1984). 
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Large scale area selection criteria (Fig. 2 and Appendix 1) for magmatic­
related gold deposits within granites are: (1) the intrusion should be of 
late-Archaean age, (2) it should be hydrothermally altered, and (3) 
possibly be located within a shear zone . Smaller scale area selection 
criteria are: (1) the intrusion should be extensively sheared with an 
abundance of quartz veins in brittle and brittle-ductile fractures, and (2) 
sulphide mineralization should be associated with these quartz veins, and 
a 1 so quartz stockworks . The 1 eve 1 of eros ion shou ld a lways be cons idered 
as the patterns of hydrotherma 1 a lterat ion and geochemi ca 1 anoma 1 i es can 
vary. Enrichments of Ba, Sb and As within the primary dispersion 
environment are considered to be indicators of a supra-ore halo, whilst Mo 
and W enrichments suggest a sub-ore halo (Levinson, 1980). 

The major exploration target for the 'metamorphic replacement model' is a 
granitic stock that has intruded a zone of crustal weakness such as a shear 
zone, active during the late Archaean. Alternatively, the granitic 
intrusion should be affected by late-Archaean sh~aring. Styles of 
deformation within the intrusion will change according to P-T variations, 
and vary from brittle and brittle-ductile structures such as tension- and 
shear-veins to ducti le structures such as replacement-veins. Brittle and 
brittle-ductile deformation structures predominate in greenschist 
metamorphic conditions , whilst ductile deformation structures are generally 
associated with amphibolitic metamorphic conditions (Colvine et al., op. 
cit.). Hydrothermal- and carbonate-alteration, and possible sulphide 
mineralization should be present in haloes surrounding the quartz veins 
within the adjacent wallrocks. 

Large scale area selection criteria for metamorphic-related gold deposits 
in granites are: (1) the granite intrusion should be located within a shear 
zone, or alternatively the granite intrusion should be affected by 
regionally extensive, late-Archaean shearing/deformation, and (2) the 
granite intrusion should display hydrothermal alteration. Smaller scale 
area selection criteria are: (1) shearing within the granite. The style of 
shearing could vary from brittle to brittle-ductile to ductile, depending 
on the grade of local metamorphism , and (2) sulphide mineralization 
together-with associated hydrothermal and possible carbonate alteration 
should be present within adjacent wallrocks of the quartz veining, and in 
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quartz stockworks . Elements commonly associated with the gold 
mineralization are K, S, As, Sb, W, Band Ag. Base metals such as Cu, Pb 
and Zn also occur, but are in the minority (Groves and Phillips, 1987). 
Colvine et al., (1988) add B, Li, Ba, Cr and Rb to the list, but stres~es 

these enrichments are not consistent for all deposits. 

Pathfinder elements/ratios applicable to the primary dispersion environment 

in both the magmatic- and metamorphic-related gold deposits are K/Na, Cu, 
Ba, Mo , As and Sb. The K/Na rat io shou 1 d increase as the ore zone is 

approached (Levinson, 1980). Suitable pathfinder elements for the secondary 
dispersion environment depend on the sampling medium being used. As and Mo 
are suggested for stream sediment sampling; as neutral to alkaline 
conditions generally prevail within the streams (Levinson, op. cit . ) . 
Oxidizing conditions generally occurs within residual soil, however the 
weathering of sulphides associated with gold deposits can cause acidic 
conditions. Therefore, Cu, As and Mo are suggested pathfinder elements for 
soil sampling as their relative mobilities are similar. Ba and Sb are 
suitable for more detailed fo l low- up surveys (Levinson, op . cit.) . 

The use of LANDSAT images forms an integral part of the 'Regional Area 

Selection' phase of exploration in this project. Features that can be 
located on LANDSAT images used in this project, that may be an indication 
of area selection criteria for granite/gneiss-hosted gold mineralization 
are clay-mineralization (an indication of possible hydrothermal 

alteration), outcrops with an indication of their composition, lineaments 
and major fault zones. Further details are given in Chapter 6. 
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5. The Pietersburg granite-greenstone terrane 

The P ietersburg granite-greenstone terrane (Fi g. 14) is located in the 
northern portion of the Kaapvaal Craton, adjacent to the southern marginal 
zone of the Limpopo Belt (e.g. Brandl, 1986; Van Reenen et. a 1., 1987; 
1988; Smit et. a1., 1988 and Roering et. a1., 1990a). The first gold 
deposit in South Africa was discovered in the Pietersburg granite­
greenstone terrane on the farm Eersteling 17KS during 1871; and is a shear­
zone hosted gold deposit within the greenstones. Table 1 gives the 
approximate gold production figures of various gold deposits within the 
Pietersburg granite-greenstone terrane between 1906 and 1937. 

Table 1: Approximate production figures of gold from tbe Pietersburg granite·greenstone terrane. 

i 

I 
IGoldfield Farm I Period I Crushed ore I Recovered Aul Alluvial Aul Total Production I 
I I I (tonnes) I (kg) I (kg) I of goldfield (kg Au)1 
I I I I I I I 
I I Eerstelling 17KS I 1906-1937 I 49010 320,43 (1) I I 
I Eerste 11 i ng I Waterva 1 181<S I 1913-1935 I 1712 4.36 97,14 I 438,94 I 
I I Vrischgewaagd 33KS I 1906-1937 I 4275 17,01 (2) I I 
I I I I I I 
I I Roodepoort 744LS I 1905-1937 I 25778 159.86 (3) I I 
I Roodepoort I Palmietfontein 24KS I 1907-1936 I 10067 72,44 (4) 0,42 I 245,08 I 
I I Wildebeesfontein I 1907-1937 I 2021 12,36 (5) I I 
I I I I I I 
I Marabastad I Snymansdrift 738LS I 1907-1910 I 21837 I I 
I I landrivier 742LS I I 5 56,25 (6) I 334,55 I 
I I I I I I 
IMount Robert I Potberg Mine I 1 I I Undisclosed I 
I Occurrence I I I I I 
I 

, i , i I 
I Grand Total recorded· 1018,57 kg . I 
1(1) Includes some from Vrischgewaagd 33KS. I 
1(2) Includes 0,09 kg from an unknown source . I 
1(3) Includes 6,36 kg from an unknown quantity of are, I 
1(4) Includes 1,1 kg from by-products . I 
1(5) Includes 0,04 kg from an unknown source. I 
1(6) Includes some from Snymansdrif 738LS. I 
I I 
ISource: Willemse (1938). (after Franey, 1987) . I 
I I 
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Figure 14. A geological map of part of the Pieters burg gr anite - greenstone 

terrane showing the localities of selected granites for this project. 

This map is compiled from the 1:250000 Geological Survey Maps 2328 and 

2428, and from SACS (1980) . 
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Granite-associated gold deposits within the Pietersburg granite-greenstone 
terrane include: 

1) The Roodepoort 744LS deposit. Part of the ·~otal gold mineralization 
occurs within an altered granodiorite locally called the 'Knights or 
Roodepoort Pluton'. 

2) . The Palmietfontein 24KS and Wildebeesfontein 20KS deposits. These are 
shear-zone hosted within Turfloop Granite. 

3). The Waterval 18KS deposit. This is also shear-zone hosted, but occurs 
along the contact of the Turfloop Granite and greenstones of the 
Pietersburg Group. 

Approximately 24% of the gold production between 1906 and 1937 originated 
from these deposits. 

5.1. The geology of the Pietersburg granite-greenstone terrane 

The Pietersburg granite-greenstone terrane (Fig. 14) consists of a 
greenstone belt (the Pietersburg Group) bounded to the north and north-east 
by the Hout River Gneiss and Goudplaats Gneiss respectively (collectively 
known as the Baviaanskloof Gneiss; Barton et. al., 1990). Both the 
greenstone belt and the gneisses have been intruded by two generations of 
granitic to granodioritic plutons (Barton et. al., op. ciL). The 
lithostratigraphic subdivision of the Pietersburg greenstone belt is given 
in Table 2. 

5.1.1. The greenstone belt 

The Pi etersburg greenstone be lt compri ses two major tectonostrat i graphi c 
rock sequences, separated by a well defined unconformity. The lower (older) 
sequence constitutes the greenstones of the belt, and consists of massive 
to pillowed and ocelli-bearing metabasalts, mafic metatuffs, metagabbros, 
and serpentinites (a variety of metaperidotite), interlayered with banded­
iron formation (BIF), ferruginous shales, minor cherts, minor 

meta carbonates and quartz-mica schists (SACS., 1980; De Wit, 1991). These 
lithologies belong to the Eersteling, Mothiba, Ysterberg and Vrischgewaagd 
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Formations (Table 2), and have many lithologic, structural, petrologic and 
chemical similarities to the Onverwacht Group of the Barberton greenstone 
belt (Grobler, 1972; De Wit, 1990 and Jones, 1990). Whole rock Pb isotopic 
data from tholeiitic lavas of the Eersteling Formation yield a seconda~;' 

Pb-Pb isochron age of 3455 +120/-128 Ma (95% confidence level), (Byron and 
Barton, 1990). 

The upper sequence, often referred to as the cover sequence, is composed of 
a variety of sandstones, si ltstones, grits, conglomerates, breccias and 

shales in varying states of deformation (De Wit, 1991). These rocks 
compri se the Uitkyk Format ion (Tab le 2), and unconformab ly over 1 ie the 
greenstone-BIF sequence. 

Table 2: Litbostratigrapbic subdivision of the Pietersburg granite-greenstone terrane. 

I I I 
1 Format;on Lithology 1 Maxillllm Thickness (m) Correlation 1 
1 (SACS, 1980) 1 (de Wit, 1984) 1 
1 1 1 
1 1 1 
IUitkyk 1 Quartzites, conglomerates, shale, 1 1500 Cover Sequence 1 
1 1 quartz-mica schists, B.I. F .s. 1 1 1 
r----------r - -----------------r-----------t-----------, 
1 1 1 1 
IVrischgewaagd 1 Chlorite and quartz schists. 500-1000 1 1 
1 1 1 1 
Ilandrivierspoort 1 1 Mafic meta-lavas with inter-layered 500 1 1 
1 1 1 magnetite-quartzite. 1 1 
1 1* 1 1 1 
IEerstelling 1 1 Mafic meta-lavas with subordinate 10000 1 Greenstone Sequence 1 
1 J 1 ultramafics. quartz-feldspar 1 1 
1 1 porphyry and felsic lavas . 1 1 
1 1 1 1 
IYsterberg 1 Felsic lavas and tuffs, shales, 1400 1 1 
1 1 inter-bedded quartz schist, banded 1 1 
1 1 banded chert, B.I.F., quartzite. 1 1 
1 1 1 1 
IMothiba 1 Ultramafics with minor amphibolite, 7500 1 1 
1 1 quartz-schist, quartz-feldspar 1 1 
1 1 porphyry, B.I.F. 1 1 
1 1 
1 1 
IVarious types of granite and gneiss intrusive into all formations. I 
1 1 
I "'" coeval (after Franey, 1987).1 
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5.1.2. The granitic rocks 

The major granites/gneisses associated with the Pietersburg granite­
greenstone terrane are "!:~e Goudplaats Gneiss and Hout River Gneiss, Geyser 
Granite, Matok Granite, Moletsie Granite, Turfloop Granite and Matlala 
Granite, Uitloop Granite and Lunsklip Granite (Fig. 14). 

GoudpJaats Gneiss 

The Goudplaats Gneiss comprises gneiss, banded-gneiss and migmatite 
associated with leucocratic granites in varying proportions. The layering 
is defined by thin bands of alternating melanocratic and leucocratic 
material. The melanocratic bands generally consist of biotite, hornblende, 
oligoclase, quartz and hypersthene. The leucocratic material is composed of 
perthite, oligoclase and quartz; with biotite, garnet and sillimanite as 
accessories. Chemical analyses indicate that the grey migmatitic gneiss has 
a tonalitic, and in places, quartz-diorite composition. The leucocratic 
material ranges in composition from adamellite to tonalite (Brandl, 1986). 

Radiometric ages for this rock vary between 2652 and 3054 Ma (Burger and 
Walraven, 1979b; Walraven et al., 1981), however they may reflect 
metamorphic overprints . Brandl (1986) suggested that the Goudplaats Gneiss 
forms the basement of the Pietersburg Group. 

Hout River Gneiss 

A number of different types of granitic rocks comprise the Hout River 
Gneiss. They vary from leucocratic migmatite and gneiss, grey and pink 
hornblende-biotite gneiss, grey biotite gneiss and pegmatitic rocks. These 
rocks are poorly exposed, hence the actual contact between the Hout River 
Gneiss and the Goudplaats Gneiss is uncertain (Brandl, 1986). Radiometric 
ages for this rock cluster around 2700 Ma (Walraven et al., 1981). Brandl 
(1986) suggests however, that these ages reflect the last metamorphic 
event. 
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Geyser Granite 

The Geyser Granite is a biotite granite-gneiss (SACS., 1980), and was 
emplaced about 2900 Ma to 2800 Ma ago (Barton et al., 1990). 

Matok Granite 

This granite is characterised by the presence of a mafic phase and a 
younger granitic phase (Du Toit, 1979). The granitic phase consists of 
various rocks ranging in composition from adamellite to granodiorite. The 
main variety is a grey and pink, coarse-grained porphyritic granite 
composed of microcline phenocrysts, oligoclase, quartz and biotite. Minor 
varieties include a medium-grained hornblende granite and a pink medium­
grained biotite-granite . Enclaves of Goudplaats Gneiss are commonly 
observed in the Matok Granite. The age of the granitic phase is about 
2650 Ma (Barton and Ryan, 1977). 

Moletsi Granite 

This is a medium- to coarse-grained, pink to grey biotite granite . Locally, 
the granite which has a granodioritic composition contains biotite 
clusters, now largely altered to chlorite. Inclusions of banded gneiss and 
leucocratic granite are also present (Van Wyk, 1977). Rb - Sr isotopic ages 
of this granite ranges from 2546 Ma to 2640 Ma (Barton, 1990j pers . comm). 

Turtloop Granite 

This granite is a major batholithic intrusion, and flanks the southern edge 
of the ?ietersburg Group. It forms numerous isolated hills, and is located 
near many Archaean gold deposits. It is a medium- to coarse-grained, grey 
to pink biotitic rock of adamellitic to granodioritic composition, and 
contains orthoclase, microcline, quartz, sodic plagioclase and biotite with 
apatite, alunite, sphene and zircon as accessories (Jantsky, 1978). Ages 
range between 2566 and 2660 Ma (Burger and Walraven 1977, 1979a). 
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Matlala Granite 

The Matlala Granite is a roughly circular batholith northwest of 
Pietersburg. It is composed of eight varieties of granite ranging from 
fine- to coarse-grained , and in colour from light grey through pink to red. 
The most widespread type is a fine-grained pinkish-grey biotite rock of 
granodioritic composition . Assimilated inclusions of gneiss are often 
present near the contacts with country rock (Potgieter, 1976) . Radiometric 
ages vary between 2236 and 2491Ma (Burger and Walraven 1979a,b). 

Uitloop and Lunsklip Granites 

These are homogenous, coarse-grained to porphyritic biotite-granites with 
minor hornblende (SACS, 1980). Their ages are as follows: 

5.1.3. Deformation 

Uitloop Granite 

Lunsklip Granite 

2545 ± 55 Ma . 

2610 ± 55 Ma. 

(after Burger and Coertze, 1975- 76). 

The Pi etersburg granite-greenstone 1 itho logi es have been dismembered by 
movements along a series of approx imately N- 110o and N-70o trending shear 
zones. The N-llOO shear zones dip steep ly to the south and apparent ly 
predate the response phase of the ± 2700 Ma Limpopo Orogeny and the 
emplacement of the Turfloop batholith (Barton et al., 1990). However, minor 
movement on these shear zones also post-date the emplacement of the 
Turfloop batholith (Barton et al . , op . cit . ; Byron and Barton, 1990) . 

The N-70° shear zones dip steep ly to the north and are be 1 i eved to be 
associated with the Limpopo Orogeny (Van Reenen et al. , 1987; Sm i t et al ., 
1988). Subsequent movement on the N-70o shear zones displaced rocks of the 
Transvaal Sequence (Willemse, 1938), implying that the shearing also 
occurred more recently than about 2430 Ma ago (e.g., Roering et al., 1990b; 
Barton et a 1., 1990 and Wa lraven et a 1., 1990). 
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A general map of the southwestern part of the Pietersburg granite­
greenstone terrane is illustrated in figure 15. Oe Wit (1991) identified 
four deformation events in this area (01 to 04). The greenstones have been 
affected by all the~~ deformation events, whilst the rover rocks (Uitkyk 
Formation) have been affected by O2 to 04 only . 

The 01 event, consisting of lagging, 
localities within the greenstones (Oe Wit 

is only recognised at 
et al., 1982). 

isolated 

The O2 event pre-dates 2700 Ma (Oe Wit et al., 1991), and involved a period 
of progressive compressional deformation, affecting all rocks of the 
greenstone sequence. It is the most prominent deformation period 
characterized by a series of northward verging, south dipping, thrusts 
followed by continued compression (Fig. 16). An upright cleavage 
schistosity (52; Oe Wit, 1984) is representative of this deformation event. 
The d i sp 1 acement a long the thrusts is not known, but must have been 
considerable in places (i.e. >5 km) where the greenstones have been 
displaced against the cover rocks (e.g., Mount Mare area; Oe Wit, 1991). At 
high levels in the crust, the deformation was accompanied by syntectonic 
sedimentation along active margins or within collisional zones. At the 
deeper levels, the shear zones were intruded by syntectonic granites (Oe 
Wit, op. cit.). 
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Figure 15. General structural and lithotectonic framework of the 

southwestern part of the Pietersburg greenstone belt (after De Wit, 

1991) • 
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Figure 16. Schematic representation of the D2 tectonic evolution of the 

south western part of the Pietersburg greenstone belt (after De Wit. 

1991) . 

Hori zonta 1 movement of up to lOs of kilometres a long NE-SW shear zones 
affected the greenstone belt on a regional ' scale during the later D3 and/or 
D4 deformation periods (Fig. 15). The Wi llemse shear zone is the most 
prominent, and also had a vertical displacement of between 3 and 10 km (De 
Wit, op. cit.). 

The N-110o shear zones mentioned above are possibly associated with the D2 
event, whilst the N-70° shear zones could be a product of the D3 event 
(Fig. 15). Assuming the above-mentioned deformation events (D1 to D4) are 
correct, the Limpopo Orogeny and the associated Turfloop batholith, should 
be of D3 age, or younger. 

5.1.4. Metamorphism 

M1 is confined to the greenstones of the Pietersburg Group and was a period 
of regional hydration under greenschist- to lower amphibolite-facies 
conditions (De Wit, 1991). The presence of pillow lavas indicates almost 
instantaneous rock-fluid interaction. De Wit (1990) and Jones (1990) 

maintain that the entire period of M1 overlapped with the initial mafic-
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u ltramaf i c igneous act i vity and was of the hydrotherma 1 contact type as 
shown to be operative along modern mid-oceanic ridges. 

M2 was a period of dynamic metamorphism, 
affected the entire Pietersburg Group. It 

syn-kinematic to O2; which 
is characterised by the 

introduction of low-temperature greenschist-facies minerals such as 
actinolite, tremolite, chlorite and hornblende into the above-mentioned 
rocks (De Wit, 1991). Franey (198?) suggests that the syn-D2 metamorphic 
peak is probably related to heat from the syntectonic granitic intrusions 
which surround (and underlie) the greenstone belt. 

The M3 and M4 events were relatively static periods or thermal peaks under 
lower greenschist facies metamorphic conditions. Possibly, these 
metamorphic events, associated with the 03 and 04 shearing, caused the 
partial remobilization of gold into these shears (De Wit, 1984, Barton et 
al., 1990), along which some granites were intruding (e.g., Barton et al., 
op. cit . ) . 

S.l.5. Tectonic Setting 

An original oceanic or back-arc basin setting is proposed for the 
Pietersburg greenstone belt. Tectonic imbrication of this crust occurred 
between about 2900 Ma and 2700 Ma during northward-directed thrusting (De 
Wit, 1991). Sedimentary basins formed in response to this thrusting (Fig. 
16), and took place predominantly in subaerial environments, in an alluvial 
fan of an active foreland basin (De Wit, op. cit.). Syntectonic granites 
intruded these shear zones, and was followed by bulk shortening (Fig. 16). 
Finally, the rocks were tectonically deformed in a major strike-slip fault 
system with both transpressional and transtensional kinematics (Fig. 15; De 
Wit, op. cit.). The intrusion of late to post-tectonic granites such as the 
Turfloop batho 1 i th were probab ly associ ated with the latter deformation 
events (e.g. Barton et al., 1990) . 

5.2. Selected granites for exploration 

Five areas containing granites were selected nearby Pietersburg for 
logistical reasons. The granites chosen varied from having known gold 

mineralizat ion to being previously unexplored. Figure 14 illustrates their 
localities. 
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5.2.1. Roodepoort 744LS 

The Kn i ght 's Pl uton at Roodepoort is a known altered granod i orite-hosted 
gold deposit, and served as an orientation survey in this project. 

5.2.2. Waterval18KS 

The granite on the farm Waterval is also a 'Turfloop granite'. Previous 
soil sampling results from A.A.P.S., Pietersburg show that it is anomalous 
in Au. One soil sample assayed 740ppb Au . A shear-zone hosted old-gold 
working (Waterval Gold Mine) on the edge of the Turfloop Granite occurs 
nearby, 2 km NNE of this locality. In addition, the recently closed shear­
zone hosted Eersteling Gold Mine is about 5km W of this granite. 

5.2.3. Ramagoep 

This is a known remote-sensing 'clay-bearing' anomaly (Franey, 1989; pers. 
comm.), apparantly within the Goudplaats gneiss. It is interesting because 
there appears to be no outcrop in the area. 

5.2.4. Matlala and Moletsie 

The Matlala and Moletsie Granites are intrusive into the Hout River Gneiss, 
and apparantly have similar conpositions to the Turfloop Granite (Brandl, 
1986). To date, they are unexplored for gold. 
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6. LANDSAT Images 

The interpretation of LANDSAT images form an integral part of the 'Regional 
Area Se lecti on I phase of exp 1 orat i on in th i s project. The lmages were 
processed from data obtained from the LANDSAT 5 satell ite, which has a 
thematic mapper (TM) containing six sensors each with a resolution of 30m x 
30m. An additional sensor in the thermal infra-red band has a resolution of 
120m x 120m. The above sensors cover the various wavebands of the 
electromagnetic spectrum as shown in Table 3. A general discussion on 
LANDSAT images is given in Appendix 2, whilst the types of images used in 
this project; and their application are described below. This is followed 
by the LANDSAT image interpretations for the areas selected for 
exploration. 

Table 3: Thematic Mapper Spectral Bands 

IBand Wavelength (pm) 

I 
I 0,45 - 0,52 

I 
I 
I 
I 
I 2 0.52 - 0,60 

I 
I 
I 3 0,63 - 0,69 

4 0.76 - 0,90 

5 1.55 - 1,75 

6" 10.40 - 12,50 

7' 2.08 - 2,35 

Nominal Spectral location Characteristics 

Blue Haxinurn penetration of water, which is useful for I 
bathymetric mapping in shallow water. Usefu l for I 
distinguishing soil from vegetation and deciduous 1 

from coniferous plants. I 
I 

Green Hatches green reflectance peak of vegetation , which 1 

is useful for assessing plant vigour. I 
I 

Red Matches a chlorophyll absorption band that is useful 1 

for di scr iminating vegetat ion types. 1 

I 
Near-infrared Useful for determining vegetation types, vigour and , \ 

Mid-infrared 

Thermal-infrared 

Mid-infrared 

biomass content. for delineating water bodies, and 1 

for soi I rrcisture discrimination. I 
I 

Indicates rooisture content of soil and vegetat ion. In I 
addition, this band gives an indication of brightness I 
(albedo) . This is ifTlWlrtant as sorre rocks have I 
reflectance spectra with simi Jar structures, but I 
different albedo (i.e. basalt and marl). Basalt has a I 
low albedo and appears dark on images of single bands I 
cDlf4>ared to marl with a high albedo and light I 
appearance. I 

I 
Useful in vegetation stress analysis, soil moisture I 
discrimination, and thermal mapping applications. I 

I 
Coincides with an absorpt ion band caused by hydroxyl I 
Ions in minerals. Ratios of bands 5 and 7 are 
potentially useful for mapping hydrothermally altered 
rocks associated with mineral deposits. 

I 
I 
I 
I 

* Bands 6 and 7 are out of wavelength sequence because band 7 was added to the TH late in the or iginal I 
system des ign process. 1 

(modified after lillesand and Kiefer, 1987: and Sabins, JR., 1987). I , 
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6.1. Tvpes of Images 

The three types of images used in this project are the Maximum Entropy 
Scale (MES) iWoages , Clay-iron images and Wallis filter images. 

6.1.1. MES Images 

MES images are images in which the digital numbers (DNs') of a particular 
image histogram (Appendix 2) are stretched so as to provide the best 
spectral contrast in an image. This is an 'in-house' Anglo American image 
enhancement technique. The MES images util ize the Thematic Mapper (TM) 
bands in combinations of three. The combinations used in this project are 
741 and 751. Reds and browns on both the MES 741 and MES 751 images depict 
areas that are reflective in band 7 of TM, which is usually assumed to be 
due to weathered iron-rich minerals. 

Green on the MES 741 images represent areas reflective in band 4 of TM. The 
most likely cause of this is strong vegetation cover. The different shades 
of green represent the different types of vegetat ion, state of hea 1 th, 
etc . . Green on the MES 751 images represent areas reflective in band 5 of 
TM, and is also probably caused by various types of vegetation and their 
moisture content. 

Blue on the MES 741 and MES 751 images indicates soil cover as opposed to 
vegetation cover, and also the presence of water . 

Grey on the MES 741 and MES 751 images indicates the presence of granite­
derived soi 1. 

6.1.2. Clay·iron Images 

This image is an 'in-house' product of Anglo American Corporation involving 
band-ratioing techniques . The following description is based on discussions 
with Nick Franey. 

Red, orange and yellow depict areas in which there is a strong absorption 

of band 7. This is generally attributed to the presence of clay minerals or 
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minerals or minerals containing hydroxyl ions (OH-). Green and blue 
represent areas in which band 7 is reflective, which means little and no 
clay mi nera 1 content, respect i ve ly. In th i s context, 'c 1 ay mi nera 1 s' mean 
kaolinite, montmorrilonite, illite, etc .. phyllosilicates such as micas 
(e.g. biotite, muscovite, sericite) and some amphiboles (e.g. tremolite, 
act i no 1 i te, etc.). 

Bright colours on the image depict areas in which there is a strong 
absorption of band 4 which is generally attributed to iron-rich minerals. 
Pastel shades depict areas in which band 4 is reflecting; this means little 
or no iron. 

The various colours are interpreted as follows: 

* Bright red, orange and yellow. These colours indicate high clay/ high 
iron. 

* Pink, pale-orange or pale-yellow. These colours indicate high clay/ low 
iron. 

* Bright green and blue. These colours indicate 'no' or 'low' clay/ high 
iron. 

* Pale green and pale blue. These colours indicate 'no' or 'low' clay/ no 
iron. 

6.1.3. Wallis Images 

A Wallis image is derived from a sophisticated local stretching technique. 
A 41 * 41 pixel square matrix scans over an image, pixel by pixel. At each 
stop, it calculates the frequency histogram for the above 'matrix window', 
app 1 i es a 1 inear stretch to that data on ly, and reass igns a ON to the 
central pixel. This produces good contrast images on the local scale 
although large area contrasts are lost. Therefore a large light area will 
look similar to a large dark area after this process. The danger is that 
valuable large scale information is lost in this process. 
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6.2. Land features identifiable on LANDSAT images 

The LANDSAT images are restricted to a maximum scale of about 1:50000 due 
to the pixel size of 30m2 • After this, too much resolution i, lost and 
therefore, small scale features cannot be detected. For the purposes of 
this project, the following features can be identified as an aid to the 
exploration of Archaean granite-/gneiss-hosted gold deposits: 

6.2.1. Clay.iron images 

* Clay-bearing areas; an indicator of possible hydrothermal alteration. 
* Iron-rich areas. 

6.2.2. MES images 

* Vegetation. 
* Lineaments. 
* Major outcrops. 
* An idea of different soil types . 
* An idea of rock composition. 

6.23. Wallis Images 

This image is simi lar to the MES and Clay-iron images, however local 
contrast is enhanced while regional resolution is lost. 

6.3. LANDSAT Image Interpretations 

In this section, the image interpretations of the areas chosen for 
exporation (Roodepoort, Waterval , Ramagoep, Matlala and Moletsie) are 
discussed. The actual fieldwork resulting from these interpretations is 
described in Chapters 7,8,9 and 10, respectively. The fieldwork of 
Matlala and Moletsie are both described in Chapter 10. 
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6.3.1. Roodepoort 744LS 

Figures 17 and 18 are photographs of the MES 741 and Clay-iron images used 

in this interpretation. Figure 19 is a geological sketch based on the image 

interpretations. 

MES 741 Image (Fig. 17). 

This image shows a distinct grey-coloured outline (1) surrounded by 

brownish bands (2), particularly on the southern side. The grey-coloured 

out 1 ine infers granite-deri ved soil, and the brown i sh bands are poss i b ly 

the greenstones. A number of lighter brown areas also exist within the 

grey-coloured outl ine (3) and may represent iron-rich soil and disused 

cultivation fields with dryish vegetation. 

Figure 17. MES 741 image of Roodepoort. The features indicated by numbers 1 

to 12 are described in the text. Lateral field of view = 7,5 km. 
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A NNW-trending lineament (4) is prominent and various outcrops are evident. 

One occurs just east of the NNE-trending road (5). According to its rounded 
shape, it is probably a granitic body. Less prominent granitic outcrops (6) 

are present on either side of the lineament, and also at (7) and (8). The 

dark grey outcrop (9) just southeast of the grey co loured out 1 i ne has a 

very low reflectivity, and is therefore possibly a mafic intrusion. 

If thi s image is exami ned more close ly, it is noted that the grey co lours 

form haloes (10 in Fig. 17) around the proposed granitic outcrops described 

above, representing granite-derived soi 1. Possibly, subcropping granites 

occur at (11) and (12). 

Clay·iron image (Fig. 18) 

Figure 18. Clay-iron image of Roodepoort. The features indicated by numbers 

1, 4 and 13 to 16 are described in the text. Lateral field of view = 

7,5 kID . 
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The broad outline (1) is readily seen in the Clay- i ron image, although 
consisting of different colours. The NNW-trending lineament (4) is clearly 
displayed. Various shades of yellow/orange indicating the presence of clay­
minerals (13) are mostly assoc i ated with the proposed ' !";ranitic' rocks 
described in the MES 741 image interpretation. One anomaly is represented 
by a red dot (14), which also indicates the presence of clay-minerals . 
Pos sib 1 y, hydrotherma 1 a lterat i on may be present in some of these areas 
indicated by (13) and (14) . The blue colours (15) indicate areas in which 
band 7 i s strongly reflect ive, and could be attributed to iron-rich soils 
derived from greenstone belts or cultivation fields. This tallies with the 
MES interpretation . The greenish colours (15) could be due to vegetation 
cover. 

Discussion 

As illustrated in the geological sketch (Fig. 19), the areas indicating the 
presence of clay-minerals occur roughly in an ENE-trending band. According 
to the LANDSAT images, possible area selection criteria for granite/gneiss ­
hosted gold mineralization in this area are the NNW-trend i ng lineament with 
proposed granitic rocks on either side. The presence of clay-minerals 
associated with these outcrops may represent hydrothermal alteration . The 
other granitic outcrops that appear to be associated with clay-minerals are 
also worthy of a field visit. 



-58-

29·26' 

24 '02' 

Field of view = 7 5 km 29·26' 

+ 
+ 

+ 
+ 

+ 

------------­... ---_----..c--____ 
+ 

.8 

+ 

+ 

+ 

-Grey-coloured 
outline on MES 741 
image 

LEGEND 

Vegetation cover 

[lay mineralization 

+ Granitic rocks 

Greenstones 

Mafic rocks 

Lineament 

Cultivation field 

Road 

.2 LANDSAT feature 

24'02' 

Figure 19. A MES 741 and Clay-iron image interpretation of part of 

Roodepoort 744LS. The locality of this area is given in figure 14. 
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present just south of the dyke. The purplish areas on both these images (5) 
possibly represents iron-rich soil-cover with a lack of vegetation, and is 
outs i de the area of interest. The varyi ng shades of green (6) probab ly 
represent vegetation cover. The Eersteling and old Waterval gold mines are 
located at (7) and (8), respectively. The hills on the southwestern corner 

of the MES and MES Wallis images (9) comprise rocks of the Wolkberg Group . 

Figure 21. MES Wallis 751 image incorporating Waterval 18KS. The features 

indicated by numbers 1 to 9 are described in the text. Lateral field of 

view = 15 kIn. 

Clay·iron image (Fig. 22) 

No distinct outcrops are present in the area outlined by the proposed 
granite-derived soil (1 in Figs. 20 and 21), however the EW-trending 
1 ineament (3) is quite prominent. The Clay-iron image shows that clay­
minerals could be present in two areas. The one area is displayed by a 

yellow-red colour on the southern edge of the proposed subcropping granite 

(10), and the other area (11) is located alongside the lineament. According 
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to an aerial photograph of the area (1 in Figs. 20 and 21), (10) coincides 
with an old cultivation field. 

Discussion 

The actua 1 i nterpretat ion (F i g. 23) is restri cted to the north-eastern 
portion of the images as illustrated in figure 20. The indication of clay­
minerals just on the edge of the lineament (11 in Fig. 22) in the vicinity 
of the proposed granite-derived soil is the only potential area selection 
criterion for granite/gneiss-hosted gold mineralization in this area. 
Furthermore, the lineament extends westwards directly towards the recently 
closed Eersteling Gold Mine. The location of nearby known mineable gold 
deposits is especially promising. 

Figure 22. Clay-iron image incorporating Waterval l8KS. The features 

indicated by numbers 3, 10 and 11 are described in the text. Lateral 

field of view = 15 Ian. · 
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of Waterval 18KS. The interpretation is restricted to the north-eastern 

portion of figure 20. The locality of Waterval is given in figure 14. 
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6.3.3. Ramagoep 

MES 751, MES Wallis 741 and Clay-iron images were used for the 
interpretat ion of th i s area, and are illustrated in fi gUY"es 24, 25 and 26 
respectively. The actual interpretation is illustrated in figure 27. 

Figure 24. MES 751 image of the Ramagoep area . The features indicated by 

numbers 1 to 5 are described in the text. Lateral field of view = 15 

km. 

MES 751 and MES Wallis 741 images (Figs. 24 and 25) 

Most of the area outlined by these images appear to be covered by soil with 
hints of vegetation. A distinct NW-trending diagonal line (1) cross-cuts 
the centra 1 part of the images. Be low th i s 1 i ne, there is a purp 1 i sh­
coloured area (2), which possibly represents soil cover without vegetation, 
whereas above this line (3), there is a faint greenish colour (more 
prominent on the MES Wallis image) that suggests some form of vegetation. 

Towards the south of these images, faint concentric bands (4) are present, 
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and are more promi nent in the MES Wa 11 is image than the MES image. An 
outcrop of very low reflectivity, possibly a mafic intrus ion occurs in the 
southern part of the image (5). 
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Figure 25. MES Wallis 741 image of the Ramagoep area. The features 

indicated by numbers 1 to 5 are described in the t ext . Lateral field of 

view = 15 km. 

Clay-iron image (Fig. 26) 

The centre of this image (6) displays a circular feature characterised by 
orange-yellow colours. This indicates the presence of clay-minerals in the 
area. The surrounding areas (7) are turquoise in colour, indicating little 
or no c 1 ay-mi nera 1 presence. A very prominent purp 1 e/b 1 ue band (8) is 
located sub-parallel to the road above the clay-anomaly, inferring iron­
rich material, and possibly representing a different rock composition to 
the turquoise-coloured areas. The concentric bands (4) are al so di splayed 
in this image. Less prominent bands (9) subparallel to the concentric bands 
occur throughout the circular feature . 
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Figure 26. Clay-iron image of the Ramagoep area. The features indicated by 

numbers 4 and 6 to 9 are described in the text. Lateral field of view = 

15 km . 

Discussion 

The circular feature (Fig. 27) indicating the presence of clay-minerals is 
the only possible area selection criterion for Archaean granite/gneiss­
hosted gold mineralization. If this is an area containing hydrothermal 
alteration, it may be associated with the 'cupola' of a subcropping 
granitic intrusive stock. In addition, the concentric bands may be 
fractures resulting from this intrusion. 
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6.3.4. Matlala 

MES 741 and 'Clay-iron + Wallis' images were used to interpret the Matlala 
area. Photographs of ~hese images are given in figures 28 and 29 
respectively. Only the images for the eastern portion of the granite are 
available. 

Figure 28. MES 741 image of part of Matlala. The features illustrated by 

numbers 1 to 3 are described in the text. Lateral field of view = 15 

kIn. 

MES 741 image (Fig. 28) 

The granitic outcrops (1) are illustrated on the western side of the image. 
They have a slightly reddish tinge implying that the granites are slightly 
reflective in band 7. This is generally attributed to the presence of iron­
rich weathered minerals. The reddish-brown areas (2) on the eastern side 
represent soil-covered areas with little or no vegetation. The yellow-green 

port ions of the image (3) represent areas wi th greater vegetat i on cover. 

There is no indication of any lineaments in the area. 
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Clay-iron and Wallis image (Fig. 29) 

The granitic outcrops (1) are also illustrated on the western side of this 
image. The rest of the image is blue-green in colour; inferr ing that little 
or no clay-mineralization is present . This is accentuated by examining the 
weathering products of the northernmost granite outcrops (4) _ These are 
represented by bright blue colours indicating a very high i ron content. 

Figure 29. 'Clay-iron + Wallis' image of part of Matlala . The features 

illustrated by numbers 1 and 4 are described in the text . Lateral field 

of view ~ 15 km . 

Discussion 

The Matlala Granite has different characteristics compared to the granites 
previously described. As an example, the weathering products of these 
granitic rocks (their haloes) appear more iron-rich compared to Roodepoort, 
Ramagoep or Waterval. According to the LANDSAT images of Matlala, there are 
no features that i nd i cate poss i b le area se lect i on criteria for Archaean 

granite-/gneiss-hosted gold mineralization in this area. 
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6.3.5. Molelsie 

The area was interpreted us i ng MES 741 and 'Clay- iron + Wa 11 is' images. 

Photographs of these images ar~ illustrated in figures 30 and 31. 

MES 741 image (Fig. 30) 

The gran it i c outcrops (1) are located between the two southeast-trend ing 

streams (2), and have a slight reddish 'tinge' indicat i ng the presence of 

some iron-rich weathered minerals. The yellow-green coloured area (3) 

surrounding the granites indicates vegetation cover, whi 1st the reddish­

brown coloured areas (4) indicate soil cover with an absense of vegetation. 

Figure 30 . MES 741 image of part of Moletsie . The features illustrated by 

numbers 1 to 4 are described in the text. 

Clay·iron + Wallis image (Fig. 31) 

The granite outcrops (1) are quite prominent, and are commonly surrounded 

by blue-green (5) and bright-blue (6) haloes, thus inferring a lack of 

clay-minerals required for possible hydrothermal alteration . 
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Discussion 

According to the LANDSAT images of Moletsie, there appears to be no 
features that indicate possible area selection criteria for Archaean 
granite/gneiss -hosted gold mineralization in this area. This granite 
displays similar alteration features to the Matlala Granite. 

Figure 31. 'Clay-iron + Wallis' image of part of Moletsie. The features 

illustrated by numbers 1, 5 and 6 are described in the text. 
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7. Roodepoort 

It is not known when gold mlnlng began, however it is thought that 
Roodepoort was an extension of the Eersteling goldfield which Degan 
production in 1877. Available production records are 1 isted in Table 1. 

Figure 32 is a simplified geological map of the area showing the positions 

of the old gold workings. 
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Gold mineralization occurs in numerous rock types along three sub-parallel 
ENE-trending shear zones; the Southern Line, Old Freda Line and the 
Knight's-Pietersburg Line. Gold mineralization at the Southern- and Old­
Freda-L ines is shear-zone hosted within the greenstones of the Mothiba 
Formation. At the Knight's-Pietersburg Line, it is also hosted by the 
Knight's Pluton in addition to the greenstones. 

7.1 LANDSAT anomalies 

As described in the LANDSAT images interpretation (section 6.3.1 and 
illustrated in Fig. 19), a number of anomalies occur at Roodepoort : 

1). The 'grey-coloured' outline is probably partly due to granite-derived 
soil as shown on the MES image . Figure 17 shows that the Turfloop Granite 
intruded the greenstones of the Moth i ba Format i on, represented by the 
brownish bands (2 in Fig. 17). 

3). The light brown areas represent old cultivation fields. 

4). The only field indication of the lineament is an elongate, well­
vegetated depression. 

5, 6, 7 and 8). These are granitic outcrops. 

9). This outcrop is part of a diabase dyke. 

10). These haloes represent granite-derived soil. 

11). This anomaly represents granite-derived soil from subcropping 
granitic rocks. 

12). Uitkyk metasediments comprlslng a series of conglomerates, sandstones, 
shales and quartz-mica schist outcrop in this area. The indication of clay 
minerals on the Clay-iron image can be attributed to minerals such as mica 
within the quartz-mica schist (see Section 6.1.2.). 
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13). The only granitic outcrops that display distinct alteration in the 
field are located at (6) and (7). The outcrops at (6) are locally known as 
the Knight's or Roodepoort Pluton, and the old Kn i ght' s Pi etersburg go ld 
mine is situated at (6) . The minor granite outcrop at (7) appears to be an 
apophysis of the Knight's Pluton. It is located near the old Northern Hope 
gold mine within talc-chlorite schist of the Mothiba Formation. Extensive 
diggings occur in these areas with resultant residual soil which may also 
contribute to the presence of clay-minerals. A chemical reaction to account 
for the production of clay from potassic feldspar is: 

K-feldspar Kaolinite (after Levinson, 1980). 

14). The red dot is the site of a brick factory. 

15). The bright-blue colours represent old cultivation fields that are 
covered by little or no vegetation. The greenish-coloured ~~eas (16) have 
greater vegetation cover . 

7.2. The geology of part of the farm Roodepoort 744LS 

Roodepoort is ideally suited as an orientation survey for this project 
(Appendix 1), as it contains a known altered granodiorite-hosted gold 
deposit; the Knight's Pluton. However , outcrop is quite poor, due to 
extensive soi 1 cover . The area was mapped with emphasis on locating all 
outcrops of altered granite. The map is illustrated in figure 33. 
Lithogeochemical samples were collected to determine styles of 
mineralization and pathfinder elements using the analytical techniques 
described in Appendix 3. In addition, a vertical drill core through part 
of the Knight's Pluton (RDP2) was available for logging and petrographical 
work. The core was prev i ous ly ana lysed for go 1 d by the Eerste 1 i ng Go ld 
Mining Company Limited, using the fire-assay method. 

Outcrop within the area mapped comprises rocks of the Mothiba and Uitkyk 
Formations of the Pietersburg Group, and intrusive Turfloop Granite . 
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7.2.1. Pietersburg Group 

The rocks of the Mothiba Formation form the greenstone sequence and consist 

of quartz-carbonate rocks, banded-i ron-format i on, serpent in i te and ta lc-
chlorite schists. The Uitkyk Formation is represented by an outlier of 
metasediments in the far west of the area. The metasediments comprise a 

series of conglomerates, sandstones, shales and quartz-mica schists. 

7.2.2. Tnrfloop Granite 

The Turfloop Granite at Roodepoort outcrops within the northern portion of 

the geological map (Fig. 33) in a roughly ENE-trending band. The granites 

are transected by steep, north and south dipping quartz veins, commonly 
with an ENE-trend. A photomicrograph of a Turfloop Granite sample 

collected at a quarry in Pietersburg, owned by Noordvaal Crushers, Ltd., is 

illustrated in figure 34. 

Figure 34. A photomicrograph of Turfloop Granite. It is a porphyritic 

granodiorite comprising oligoclase (01) and microcline (Mc) megacrysts 

surrounded by a finer-grained groundmass of quartz (Qz) and biotite 

(Bi) . The o : / i~ oclase contains sericitic alteration. Cross-polarized 

light . Lateral field of view = 3,5 mm. 
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It is a greyish, porphyritic granodiorite 

microcl ine megacrysts, surrounded by a 

01 i goc 1 ase (An l2 ) , quartz and biot ite. 

consisting of 01 igoclase and 

finer-grained groundmass of 

The primary oligoclase is 

seri cit ized to varyi ng degr~.::, as opposed to the mi croc 1 ine, wh i ch i < 

seri cite-free. Apat ite, sphene and ca 1 ci te are present in trace amounts 

(not visible in Fig. 34). The approximate modal compositions of granitic 

samples collected at the above-mentioned quarry and determined by thin­

section analysis, are given in the Streckeisen plot (Fig. 35). As 

illustrated, the samples plot mainly as granodiorites and quartz-diorites. 

One sample plots as a granite. 

7.2.3. The Knight's Pluton 

The Knight's Pluton (Fig. 33) is a massive body of leucocratic to mesotype 

rock situated along a steeply northward dipping N-700 trending shear-zone 

(the Knight's Pietersburg Line) in extensively altered ultramafic and mafic 

greenstones and banded-ironstones of the Mothiba Formation (Pietersburg 

Group). It is separated from the Turfloop Granite. Quartz-sericite schist, 

possibly representing sheared granite, is present along the northern margin 

of the Roodepoort Pluton in the vicinity of the shear. Minor lit-par-lit 

intrusions occur west of the Knight's Pluton near the old Northern Hope 

Mine. A log of the RDP2 core is given in figure 36. 
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Figure 35. Streckeisen QAP plot of Turfloop Granites (Diagram after 

Streckeisen, 1976). 
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The Knight's Pluton grades from an upper leucocratic phase to a lower grey 

phase. A photomi crograph of the upper phase (0 - 12m) is i 11 ustrated in 

figure 37. It is a coarse-grained granodiorite composed of albite (± 75 

modal %), quartz (± 24 modal %) and muscovite/seri :ite (± 1 modal %). The 

production of albite is possibly due to hydrolysis of alkali feldspar, as 

per the reaction: 

4 (Na ,K)A1Si30S + 2H+ 

Alkali feldspar 

NaAlSi30S + KA13Si30lQ( OH)2 + 6Si02 + 2Na+ 

Al bi te Serici te Quartz 

(after Colvine et al . , 1988) . 

The propylitic zone of hydrothermal alteration exists between 12 and 36 m 

(Fig. 36) . A photomicrograph representative of this alteration zone is 

given in figure 38 . 

Figure 37 . A photomicrograph of the upper phas e of the Knight's Pluton . It 

is a coarse-grained granodioritic r ock comprising albite (Ab), quartz 

(Qz) and minor musc ovite/sericite (Ms ) . Cross polarized light . Latera l 

field of view = 3 , 5 mm . 
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A. 

B. 

Figure 38. Photomicrograph of the propylitic alteration zone of the 

Knight's Pluton in the RDP2 core (26,77 m). Chlorite alteration is 

prevalent. Chl chlorite, 01 oligoclase, Op = opaque, Cb = 

carbonate and Qz = quartz. (A) = plane polarized light, and (B) = cross 

polarized light. Lateral field of view = 3,5 mm. 
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As illustrated, it is predominantly a chlorite-rich zone with pervasive 
calcite and minor sericite. In places, the chlorite and associated opaques 
(mainly magnetite and some pyrite) display remnants of an amphibolitic 
cleavage. A possible reaction to account for the alteration of hornblende 
to a chlorite-calcite -quartz-magnetite assemblage is as follows: 

2Ca2(Mg,Fe2+)4Fe3+AISi-fl2Z(OH)Z + 4COz + 2HzO + 1/302 
Amphibole 

Mg-chlorite Calcite Magnetite Quartz 

(after Colvine et al., 1988). 

At a depth of 36 to 75 m, deformation increases to such an extent that a 
gneissic texture is developed . The propylitic alteration zone is replaced 
by a potassic alteration zone (Fig.39). Biotite and potassic feldspar are 
present, but chlorite is essentially absent . The potassic feldspar has been 
sericitized to varying degrees. According to Burnhan (1979), this 
sericitization is a common feature of porphyries in which a strong phyllic 
alteration zone is developed. Chemical reactions that account for the 
potassic alteration are as follows: 

Anorthite Quartz K-feldspar 

Albite K-feldspar 

(After Burnham, 1979). 

A reaction to account for the sericitization of potassic feldspar is: 

K-feldspar Sericite Quartz 

(After Burnham, 1979). 
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Phyllic alteration, characterised by quartz-sericite-pyrite alteration and 

velnlng, overprints the potassic alteration zone at intervals between 
depths of 60 and 71,5 m (the lower contact of the granite). Figure 40 is an 

example of this alteration. Talc-chlorite schist . is present below 75m. 
Pervasive carbonate alteration occurs throughout the Knight's Pluton, but 
appears minor within the upper leucocratic phase. 

It is interesting to note that an argillic zone of hydrothermal alteration 

in this core is absent . According to Boyle (1984), argillic alteration is a 
common type of a lterat i on in Tert i ary and in some Mesozoi c go 1 d-quartz 
deposits, but is uncommon in Precambrian deposits. 

Figure 39. Photomicrograph of the potassic alteration zone of the Knight's 

Pluton in the RDP2 core (39,33 m). This alteration zone is 

characterized mainly by the presence of potassium feldspar containing 

sericitic alteration. Chlorite is absent. Kf = potassium feldspar, Cb = 

carbonate, Qz = quartz. Mu = muscovite. Ap = apatite. S = sericite. Py 

= pyrite and PI = plagioclase. Cross-polarized light. lateral field of 

view = 0 t 9 rmn. 
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Figure 40. A typical example of the phyllic alteration (69,66 - 69,74m) 
within the RDP2 core. The quartz and pyrite alteration are clearly 
seen. Qz = quartz and Py = pyrite. 

7.2.4. Structure 

The structure at Roodepoort is extremely complex, and is largely concealed 
by soil cover . The c1eavage-schistocity of the greenstones, the Turf100p 
Granite and Knight's Pluton all have an approximate ENE-trend. This trend 
broadly coincides with that of the Knight's Pietersburg Linej one of three 
subparallel shear zones at Roodepoort. The Turfloop Granite and outcropping 
Upper Phase of the Kn i ght' s Pluton are re 1 at ive 1y unfo 1 i ated. The Lower 
Phase of the Knight's Pluton, as indicated by the RDP2 core, becomes 
i ncreas i ng 1y fo 1 i ated towards the lower, sheared contact with the 

greenstones. 

Extensive, ENE-trending mini-shears occur within the outcropping Upper 
Phase of the Knight's Pluton. According to the magmatic model, these mini­
shears may be due to the physical processes discussed in section 4.1.2., 
and possibly served as loci for subsequent hydrothermal activity (e.g., 

Barton et a1., 1990). The northern contact of the Knight's Pluton with the 
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Knight's Pietersburg Line is extensively sheared, and resembles a quartz­
sericite schist. This implies that the above-mentioned shear zone was also 
active after the intrusion of the Knight's Pluton. Late, probably D4-age, 
generally ENE- trending quartz-veins truncate all earlier deformation 
events, and intrude the greenstones, Turfloop Granite and Knight's Pluton . 
At present, extensive drilling is being done in the area as part of the 
on go i ng exp lorat ion at Roodepoort, and shou ld ass i st in dec i pheri ng the 
structure. 

7.3. Geochemical Analyses 

The analyses of lithogeochemical samples collected in this project (Table 
6), with details of the samples taken, and their positions (Fig. 61), are 
given in Appendix 4. The analytical techniques used for these 
lithogeochemical samples are described in Appendix 3. Fire-assay gold 
analyses of the samples show that notable gold mineralization (>50ppb Au) 
occurs only within the Knight's Pluton. The gold is mainly associated with 
shearing (e.g., the quartz-sericite schist, possibly representing sheared 
granite at the northern contact of the Knight's Pluton with the Knight's 
Pietersburg Line; Fig. 41), but also occurs within quartz stockworks (Fig. 
42). It occurs in the form of free gold (Barton et al., 1986) and 
associated with pyrite. Fire-assay gold analyses of the RDP2 core (Fig. 36) 
that were done by Eerstel ing Gold Mining Co. Ltd., show that significant 
gold mineralization is also located at the sheared lower contact of the 
Knight's Pluton with the greenstones. 

Figure 43 shows plots of Pb, Sr, Y, In, As, Cu, Ba, Nb, lr and Rb versus Au 
for the Roodepoort lithogeochemical samples described in Table 6. As 
illustrated, there appears to be a correlation between Au and Y, As, Ba, Nb 

and Rb. 

The correlation between Rb and Au is due to the substitution of Rb for K, 
as the upper phase of the Knight's Pluton is enriched in K20 relative to 
the Turfloop Batholith (Barton et al., 1990). However, as both the 
unaltered and altered Turfloop Granites contain minerals such as K­
feldspar, Rb is not a good pathfinder-element in the primary environment. 
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Figure 41. Quartz-sericite schist at the northern contact of the Knight's 

Pluton with the Knight's Pietersburg Line (shear zone). See RDH 2808, 

2811 and 2816 in Appendix 4. 

Figure 42. Gold mineralized quartz-stockworks within the Knight's Pluton. 

See RDH 2805, Appendix 4. 
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As is known as a good pathfinder element for Au; it has a high mobility in 
the primary environment, and concentrates within veins and late 
differentiates; as does gold (Levinson, 1980). Ba also has a high mobility 
in the primal'y envirrmment, and is a good pathfinder-element for 
recognising mineralized granites (Levinson, op. cit.). However, it is 
important that Ba anomalies are interpreted in conjunction with As 
anomalies, as Ba also substitutes for elements such as K and Rb. As 
discussed in Section 4.4., Ba and As tend to form supra-ore haloes 
(Levinson, op. cit.) . Assuming this to be correct, the level of erosion of 
the Knight's Pluton is not too great. 

The correlation between Nb and Au is possibly due to Nb tending to 
concentrate within albitic granites (Levinson, op. cit.); the same 
compos it ion as the upper phase of the Kni ght 's Pluton. However, it also 
substitutes in minerals such as sphene and biotite (Levinson, op . cit.) 
which are common minerals within the Turfloop Granite. Therefore Nb is not 
proposed as a pathfinder-element for granite/gneiss-hosted gold 
mineralization. 

The correlation between Y and Au is probably due to the enrichment of CaD 
in the upper phase of the Knight's Pluton compared to the Turfloop 
Batholith (Barton et al., 1990). As Y is known to replace Ca in minerals 
such as apatite (Reedman, 1979); a common mineral within the Turfloop 
Granite, it is also not a good pathfinder-element for granite/gneiss-hosted 
gold mineralization. 

In summary, As and possibly Ba proved to be suitable pathfinder-elements 
for granite/gneiss-hosted gold mineralization in the primary environment at 
Roodepoort, using the analytical techniques described in Appendix 3. As is 
suggested as a pathfinder-element for stream sediment and soil samp 1 ing, 
whilst Ba should be useful in detailed soil sampling. 

7.4. Discussion 

Table 4 displays the average chemical compositions of the Turfloop Granite, 
and the Upper and Lower phases of the Knight's Pluton (sheared and 

unsheared) . 
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Table 4: Average cbemical compositions of rock units mentioned in the text. 

Oxide/ Turfloop Batholith Upper Phase Upper Phase Lower Phase Lower Phase 
Element Porphyritic Granite Knight's Pluton Knltt's Pluton Knight's Pluton Knltt'S Pluton 

(n • 7) (n • 4) sheared) sheared) 

Sio, 70,69=0,96 60,69=3,42 57,40 42,4 49,7 

TiOl 0,29=0,07 0,43=0,03 0,54 1,55 1,53 
AI2O) 14,07=0,20 16,78=0,30 21 ,09 14,8 15.5 
Fe,O) 1,84=0,39 2,00=0,81 6,35 10,4 8,81 
FoO 0,85=0,46 1,49=0,37 nd nd nd 
MoO nd 0,05=0,06 0,11 nd nd 

MgO 0,54=0,24 0,67=0,36 0,70 5.52 3.22 

C.O 1,59=0,1 5 2,51=1,10 1,78 7,84 5,92 

NaJO 4,61=0,19 10,25= 1,24 1,94 5,50 4,50 

K,O 4,64::0,20 0.21)::0,11 5,1)7 1,76 0, 14 

P20S 0,31 =0,07 0,19=0,24 0,61 1,14 0,86 
CrJO) 0,18=0,10 
CO, O,07=0,Dl 3,25=1,61 1,50 
H2O+ 0,31 =0,08 0,29=0,01 1,95 
H2O- O,06::U,OI 0,08=0,04 0,19 
LOI 10.25 7,02 
S nd 0,46=0,14 0,57 0,17 O,fJ5 

Toul 99,80=0,75 ,)Y,61 !:O,43 "Xl, 1 5 91),54 9~,42 

Au (ppm) = 0,001 0,5 - 2,0 I,U - I b,O 0,05 0,01 
I'b (ppm) 34= 1,6 22 25 S 7 
Cu (ppm) 9= 3,5 11 12 55 10 
Zn (ppm) 41 ::: IO,M 5 12 73 124 
Z, (ppm) 253::: 46,6 175 252 218 210 
U (ppm) nd nd nd 6 2 
'In (ppm) 12= 3 0 15 27 8 
B. (ppm) 1155::244 441 1187 124 1074 
Rh (ppm) 169= 44 1,28= 0,32 2U 3,So 0,42 
S, (ppm) 389= 100 387=26 468 483 932 

nd • not detectable (after Barton ot ai" 1990), 

The Lower Phase of the Knight's Pluton has a meta-a l uminous composition, 

whilst the Turfloop Batholith, the sheared Lower Phase of the Knight's 

Pluton, the Upper Phase of the Knight's Pluton and the sheared Upper Phase 

of the Knight's Pluton have per-aluminous compositions . 

The meta-aluminous composition of the Lower Phase of the Knight's Pluton 

supports a magmatic-hydrothermal origin for the gold (see Section 4.1.). 

This cannot be confirmed however, as the gold mineralization within the 

Knight's Pluton is now secondary, due to remobilization by later shearing 

(Barton et al ., 1990). 

Barton et al . , (1990) proposed that the Knight's Plu~on was originally part 

of the granitic magma associ ated from the Turfloop Batho 1 ith, although 
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separated from the ma in batho 1 ith. It intruded into a shear zone (the 
Knight's Pietersburg Line) along which alteration involving CO2 and Au 
mineralization were occurring, and was itself completely altered. Barton et 
a 1., (op. cit.) suggested that crusta 1 thi ckeni ng and subsequent rapid 
i sotherma 1 decompress ion duri ng the Limpopo Orogeny about 2700 Ma ago, 
resulted in appreciable volumes of granitic magma being generated by 
part i a 1 me lt i ng of port ions of the upper mantle and lower crust in the 
over-ridden plate, and by hydration of lower portions of the over-riding 
plate. These granitic magmas then moved along shear zones formed during the 
Limpopo Orogeny to 
as conduits for 
crystallization of 
et al., 1988}. 

higher crustal levels . The same shear zones also acted 
fluids derived by crustal dehydration and by 

granitic magmas (Van Reenen et al., 1987, 1988; Barton 

This latter model for the origin of the gold is similar to the metamorphic 
replacement model described in Section 4.2. A further period of late, 
probably D4-age shearing at about 2340 Ma (Barton et a1., op. cit.) is 
represented by the extens ive ENE-trend i ng quartz vei ns found wi th i n the 
mapped area (F i g. 33) that truncate both the gran ite and greenstones. 
Accord i ng to Barton et a 1., (op. cit. ), the go 1 d was remobil i zed and 
redistributed into these shear zones. 

The favourable area selection criteria for Archaean granite-/gneiss-hosted 
go 1 d mi nera 1 i zat ion at Roodepoort are the major ENE-trend i ng shear zone 
(the Knight's Pietersburg Line), the NNW-trending lineament; shearing 
quartz-stockworks, hydrothermal alteration and sulphide mineralization 
associated with the Knight's Pluton. 

The MES image interpretation correctly identified the granites, greenstones 
and the NNW-trendi ng 1 i neament. The C lay- iron image i nterpretat i on a 1 so 
correctly located clay-bearing areas. However, field visits were necessary 
to show that on ly the a ltered granites on either side of the 1 i neament 
contained hydrothermal alteration. 

The correlation of Au with As, Ba and Rb in the primary dispersion 
env ironment confi rms the genera 1 enri chment of these elements (amongst 

others) in Archaean gold deposits, discussed in Chapter 4. 



-89-

8. Waterval 18KS 

The LANDSAT features described in this chapter are illustrated in figure 
21. A field visit to t:-,~ anomalous area (1) confirmed the LANDSAT images 
interpretation of sparse outcrop and reasonable vegetation cover. The clay­
bearing area (10) coincides with an old cultivation field. The only 
indication of a possible lineament is the stream (3). The dyke-like feature 
(2) consists of mafic rocks. Trenches were dug at (11) in order to expose 
the granites. Figure 44 is a locality map of these trenches. A plan view of 
trenches (1 and 2) is illustrated in figure 45. The other sites (3, 4 and 
Peg 2400/650) consisted of pits within granite. The samples were analysed 
by fire assay for gold. The granites samp led at site number 3 assayed 20 
ppb Au. Those at site number 4 and Peg 2400/650 both assayed 40 ppb Au. 

TN 

~ ••• " .. , 18 KS 

SCAlE "'5000 

LOCALITY MAP I 

24°06' 24°06' 

I 29°23' 
SCAlE'/250000 

, 
• 

LEGEND 

nAY I1INERAUZA TION 

TURF LOOP GRANITE 

MOTHIBA FORHATION I PIETERSBURG I 
I GROUP I 

STREAH 

MAIN ROAD 

FARH ROAD 

STORE 

TRENCH SITES 

Figure 44. A locality map of the trenches within Waterval l8KS. 
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The other samp les, in trenches 1 and 2 assayed between 20 and 100 ppb Au 
(Fig. 45), however an apophysis of the granite (Trench 1) within the 
greenstones assayed 860 
pyrite mineralization, 

sericitic alteration. 

ppb Au. This particular sample contained 
however all the granites uncovered 

traces of 
contained 

A photomicrograph of the mineralized granite described above is given in 

figure 46. It is a coarse-grained granodiorite containing oligoclase (An18 , 

± 70 modal %) and quartz (± 25 modal %). Sericite (± 2 modal %) and calcite 

(± 3 modal %) is also present. A reaction to account for the 
sericitization of the oligoclase is as follows: 

+ + 
Na-plagioclase 

2H+ 

Fluid 

= KAl3S i 30 lO ( OH) 2 

Sericite 

+ 6Si02 + 3Na+ 

Fluid 

(after Roberts; 1987). 

Figure 46. A photomicrograph of the granite at Waterval in trench 1. It is 

a coarse-grained granodiorite comprising oligoclase (01) and quartz 

(Qz), with sericite-alteration (S) and calcite-alteration (Cc) . Cross 

polarized light. Lateral field of view = 3,5 ffiffi. 
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8.1. Discussion 

The uncovered granites depicted by the clay-bearing area (11 ) clearly 
contain sericitic alteration, but lack any significant gold minerali<ation. 
Although the granite apophysis within the greenstones was enriched in Au 
compared to the other granite samples, 86D ppb Au is of no economic 
significance. A soil sampling program in the vicinity of (10). previously 
completed by A.A.P.S. Pietersburg, also revealed no geochemical anomalies. 
Therefore, no further work is recommended in this area. 
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9. Ramagoep 

The Ramagoep area was visited, and a geological map (Fig. 47) produced with 
the aid of 1: 100000 sca 1 e LANDSAT images, fi e ld-work and the pub 1 i shed 
1:250000 scale Geological Survey map '2328 Pietersburg'. The area consists 
of Goudplaats Gneiss, Hout River Gneiss and Matok Granite. Two sub-parallel 
NE-trending faults cross-cut the area . Isolated bands of amphibolites and 
banded-iron-formation belonging to the Zandrivierspoort Formation occur 
towards the south of the area. 

All LANDSAT features discussed in this chapter are illustrated in figure 
27. The NW-trend i ng d iagona 1 1 i ne (1) separates the 'overgrazed' area to 
the south (2) from the reasonably well vegetated area to the north (3). The 
concentri c bands (4) represent amph i bo 1 i te bands of the Zandri vierspoort 
Formation, and not fractures as suggested in the LANDSAT images 
interpretation (section 7.3.). The outcrop with very low reflectivity (5) 
consists of banded-iron-formation. The clay-bearing area (6) is underlain 
by weathered Goudplaats Gneiss; and is surrounded by Hout River Gneiss (7) 
and Matok Granite (8). The well developed fol iation of the Goudplaats 
Gneiss (Fig. 48) accounts for the faint bands (9). 

A photomicrograph of a rock sample collected within the clay-bearing area 
(RDH2839; Fig. 47) is illustrated in figure 49. It has a granite 
composition, consisting of quartz (± 30 modal %), perthite (± 65 modal %), 
muscovite (± 3 moda 1 %) and sill iman i te (± 2 moda 1 %). The presence of 
sill iman ite i nd i cates upper-med i um- to high-grade metamorph i c cond it ions 
where temperatures of greater than 600°C prevail, and is attributed to the 
following reaction: 

Muscovite + 
+ Si02 

Quartz 

---> + + 
K-feldspar + Sillimanite + Water 

(after Winkler, 1979). 

The sillimanite indicates a possible pelitic origin for this rock, 
inferring that it is an S-type granite. 
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Figure 48 . An outcrop of the extensively foliated Goudplaats Gneiss in the 

Ramagoep area . Note the pencil for scale. 

9.1 Discussion 

The idea of a subcropping granitic intrusion with surrounding concentric 
fractures is comp 1 ete ly incorrect. It is proposed that the c 1 ay-beari ng 
area (Fig. 47) is a product of the weathering of potassic feldspars within 
the Goudplaats Gneiss. The most common form of clay produced within 
climatic areas such as Ramagoep is illite (Levinson, 1980). 

The Goudplaats Gneiss probably formed during the first magmatic cycle 
described in Chapter 2, whereas the Archaean gold mineralization event was 
coeval with the third magmatic cycle (Chapter 3). Therefore, according to 
the magmatic model (Chapter 4), it is unlikely that the Goudplaats Gneiss 
hosts significant gold. There is also an absence of major shears and 
hydrothermal alteration; requirements for the metamorphic replacement model 
(Chapter 4). Therefore, no further exploration is recommended for this 
area. Four geochemical analyses of Goudplaats Gneiss were barren in gold 
(Append i x 4). 
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Figure 49. A photomicrograph of a gneissic outcrop within the clay­

bearing anomaly (RDH2839; Fig. 47) at Ramagoep. It has a granitic 

composition and comprises quartz (Qz), sillimanite (51), muscovite (Ms) 

and perthite (Per). Cross polarized light. Lateral field of view = 3,5 

mm. 
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10. Matlala and Moletsie 

Figure 50 is a geological map of Matlala and Moletsie . As illustrated, the 
Matlala and Molet~;~ Granites are both intrusive into the Hout River 
Gneiss. 

The granite outcrops in both of these areas appear almost identical, and 
weather into huge, pink-coloured rounded boulders (Fig. 51). They appear 
un deformed and unaltered. Vegetation cover is quite reasonab le in both 
areas, in the vicinity of the granites. The bright-blue haloes (inferring 
iron-rich weathered minerals) surrounding some granitic outcrops in figures 
28 and 30 represent part i a lly i nhab ited areas where vegetat ion cover is 
removed. 

A photomicrograph of the Matlala Granite (sample number 4) is illustrated 
in figure 52. It is a medium- to coarse-grained, essentially equigranular 
rock comprising quartz (± 45 modal %), plagioclase (An9 ; ± 5 modal %). 

microcline/microperthite (± 40 modal %) and biotite (± 3 modal %), and 
plots as a syenogranite on the QAP diagram of Streckeisen, (1976). The 
individual grains vary in shape from being anhedral to subhedral. Perthitic 
and myrmekitic exsolution textures are displayed. Greenschist facies 
metamorphic conditions are indicated by the presence of epidote. Trace 
amounts of sphene (not shown in Fig. 52) also occurs within this granite. 

A photomicrograph of the Moletsie Granite (sample number 1) is illustrated 
in figure 53. It is a coarse-grained inequigranular rock comprising biotite 
(± 5 modal %). quartz (± 25 modal %). microcline (± 60 modal %) and 
p 1 agioc 1 ase (An lO ; ± 10 mod a 1 %). Trace amounts of sphene and secondary 
ilmenite are present. Sericitic alteration occurs within the plagioclase. 
The presence of epidote indicates greenschist facies metamorphism. It 
shou 1 d be noted that the above-ment i oned modal percentages are those for 
the entire thin section. This rock plots as a syenogranite on the QAP 
diagram of Streckeisen (1976) . 
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Figure 51. A granite outcrop at Moletsie. 

10.1. Discussion 

A QAP plot of the Moletsie and Matlala Granites, that were determined by 
thin section analyses, is given in figure 54. As illustrated, all the 
samples plot as syenogranites and monzogranites. The Matlala Granites 
appear more quartz-rich than the Moletsie Granites. ACGording to the 
magmatic hydrothermal model (Chapter 4), the syenogranite and monzogranite 
compos it ions, imp ly that they are unsu itab 1 e for magmat i c-deri ved go 1 d 
mineralization. Furthermore, no evidence of shearing or hydrothermal 
alteration is present within the granites, to satisfy the metamorphic model 

(Chapter 4). 

It is suggested therefore, that the granites at Matlala and Moletsie are 
not worthy of further exploration for Archaean granite-/gneiss-hosted gold 
mineralization. Four geochemically analysed samples were barren in gold 
(Appendix 4). 
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Figure 52. A photomicrograph of the Matlala Granite. It is a medium- to 

coarse-grained syenogranite comprising biotite (Bt), albite (Ab), 

quartz (Qz) and microcline (Me). Perthitic (P) and myrmekitic (M) 

exsolution textures are displayed. Trace amounts of epidote (Ep) are 

present. Cross-polarized light. Lateral field of view = 3,5 mm. 

The modal mine hosted by Zimbabwean granitic rocks occurs within 2 km of 
the greenstone contact, and has produced 10 - 100 kg of gold at a yield 
grade of 5.4 - 8.0 g/t (Mann, 1984). However, the grade and production of 
these gold deposits decreases exponentially with distance from the 
greenstone contact. This phenomenon is thought to be partly due to the 
increase in ferrous iron within the greenstones, which reduces the oxygen 
fugacity of the granitic melts and enhances the possibility of gold 
deposition (Mann, op. cit . ). It is interesting to note that the Matlala and 
Moletsie Granites are approximately 30 km from the major Pietersburg 
greenstone belt. 
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Figure 53. A photomicrograph of the Moletsie Granite. This is a coarse­

grained inequigranular syenogranite comprising biotite (Bt), quartz 

(Qz), albite (Ab) and microcline (Me). Trace amounts of sphene (Sp) and 

secondary ilmenite (II) and epidote (Ep) are present . Sericitic 

alteration (5) occurs within the albite. Cross-polarized light. Lateral 

field of view = 3,5 mm. 

Q 

Syenogranite 

+ + 

A P 

x = Matlala Granite + = Moletsie Granite 

Figure 54. A Streckeisen QAP plot of the Matlala and Moletsie Granites 

(after Streckeisen, 1976). 
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11. Conclusion. 

Archaean granite-greenstone terranes broadly comprise structurally complex, 
discontinuous greenstone belts engulfed in a sea of intruded granitic 
plutons, and are surrounded by extensive high-grade gneissic terranes. Gold 
mineralization within Archaean granite-greenstone terranes occurs both 
within the greenstone sequences and the granites. The gold mineralization 
event occurred during the late Archaean, and followed the intrusion of syn­
to late-tectonic felsic plutons into previously deformed volcano­
sedimentary sequences in the greenstone belts (Colvine et al., 1988). Fluid 
inclusion studies and isotopic data identify two 
auriferous fluids; namely metamorphic and 
satisfactorily discriminate between the two. 

possible origins for the 
magmatic, but cannot 

The magmatic model of Archaean gold mineralization proposes that the 
hydrothermal ore fluids responsible for the gold mineralization are 
magmatic in origin, and are derived from gran~tic/porphyritic intrusions. 
The exploration target for Archaean granite/gneiss-hosted gold deposits 
according to the magmatic model, is a late Archaean, meta-aluminous, 
hydrothermally altered granitic intrusion associated with the third 
magmatic cycle (Chapter 2). The intrusion should be extensively sheared and 
hydrothermally altered. Magmatic-related gold mineralization generally 
occurs within quartz veins (concentrated near one or other of the 
s i dewa 11 s) and stockworks with i n the gran ites. The go ld may occur in its 
native state, or be associated with sulphide minerals such as pyrite, 
arsenopyrite, scheelite, molybdenite, chalcopyrite, stibnite, pyrrhotite, 
galena and sphalerite (Mann, 1984). Large scale area selection criteria for 
this type of gold deposit are: (1) the intrusion should be of late-Archaean 
age, (2) it should be hydrothermally altered, and (3) possibly located 
within a shear zone. Smaller scale area selection criteria are: (1) the 
intrusion should be extensively sheared with an abundance of quartz 
veining, and (2) sulphide mineralization should be associated with the 
quartz veins and quartz stockworks . 

The metamorphic replacement model, on the other hand, proposes that the 
hydrothermal fluids were derived by devolatization of volcanic rocks deep 
in the greenstone pile during prograde metamorphism at amphibolite facies, 
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with high geothermal gradients and in the absence of signifi cant melting. 
In terms of this model , the granites commonly associated with Archaean gold 
mineralization may represent emplacement of magmas formed by deep crustal 
melting during the same thermal event that induced metamorp~ism in the 
greenstone be lts at higher crusta 1 1 eve 1 s. Both the gran it i c magmas and 
hydrothermal fluids used available structural channelways (Groves and 
Phillips, 1987). 

The exploration target for Archaean granite/gneiss-hosted gold deposits 
according to the metamorphic replacement model is a granitic stock that has 
intruded a zone of crustal weakness such as a shear zone, active during the 
late Archaean. Alternatively, the granitic intrusion should be affected by 
late-Archaean shearing. Styles of deformation will depend on local P-T 
conditions, and will vary from brittle, to brittle-ductile and ductile 
deformation . This granitic intrusion should also contain hydrothermal 
alteration. Gold mineralization in this type of deposit occurs 
predominantly as submicroscopic grains within Fe-sulphides (± arsenopyr~te) 

in the a lterat i on assemb lage rather than withi n penecontemporaneous to 
slightly later quartz veins (e.g., Groves and Phillips, 1987). Elements 
such as K, S, W, Ag, Sb, As and B are commonly associated with the gold . 
Large scale area selection criteria for metamorphic-related gold deposits 
in granites are: (I) The granitic intrusion should be located within a 
shear zone, or alternatively the granitic intrusion should be affected by 
regionally extensive, late Archaean shearing/deformation, and (2) the 
granitic intrusion should display hydrothermal alteration. Smaller scale 
area selection criteria are : (I) shearing within the granite and (2) 
sulphide mineralization together-with associated hydrothermal and possible 
carbonate a lterat ion, shou 1 d be present with i n adjacent wa 11 rocks of the 
quartz veining, and in quartz stockworks. 

Favourable area selection criteria for granite/gneiss-hosted gold 
minera 1 i zat i on at Roodepoort are the major ENE-trend i ng shear zone (the 
Knight's Pietersburg line), the NNW-trending lineament, shearing, quartz­
stockworks, hydrothermal alteration and sulphide mineralization within the 
Knight's Pluton. 
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The origin of the gold within the Knight's Pluton is uncertain. The meta­
aluminous, granodioritic compos i tion of the Lower Phase of the Knight's 
Pluton supports a magmatic-hydrothermal origin for the gold. Alternatively, 
Barton et al . , (1990) proposed that during the Limpopo Orogeny, about 2700 
Ma ago, the Knight's Pluton intruded into a late Archaean shear zone (the 
Knight's Pietersburg line) along which alteration involving CO2 and Au 
mineralization were occurring, and was itself completely altered. This 
model is simi lar to the metamorphic replacement model for gold 
mineralization. Subsequent shearing at about 2340 Ma, remobilized and 
red i stri buted the go ld into these 1 ate shears (Barton et a 1., op. cit.). 
Geochemical analyses, using the analytical techniques described in Appendix 
3, shows that As is a suitable pathfinder-element for granite/gneiss­
hosted gold mineralization . Ba is suitable for lithogeochemical sampling 
and detailed soil sampling . At present, extensive drilling is currently in 
progress at Roodepoort, as part of the ongoing exploration. 

The only area selection criterion for granite/gneiss-hosted gold 
mineralization at Waterval is the sericitized granites located within the 
trenches. An apophysis of the granite within the greenstones assayed 860 
ppb Au, but is of no economic significance. No further exploration for 
granite/gneiss-hosted gold mineralization is recommended in this area. 

No area selection criteria for granite/gneiss-hosted gold mineral ization 
were located at Ramagoep. The idea of a subcropping granitic intrusion with 
surrounding concentric fractures is completely incorrect. The clay-bearing 
anomaly indicated by the Clay-iron image interpretation is probably due to 
the weathering of the Goudplaats Gneiss to produce clay. No further 
exploration for Archaean granite/gneiss-hosted gold mineralization is 
recommended for this area. 

No area selection criteria for granite/gneiss-hosted gold mineralization 
were located within the granites at Matlala and Moletsie. No further 
exploration for gold is recommended for these areas. 

The MES, Clay-iron and Wallis images proved very useful 
for Archaean granite/gneiss-hosted gold deposits . 
i nterpretat ions were successfu 1 in d ifferenti at i ng 

in the exploration 
The MES image 

between granitic 
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outcrops (grey to brown rounded shapes), greenstones (medium brown bands), 
very iron-ri ch and maf i crocks (i so 1 ated black co lours wi th low 
reflectivity), vegetation cover (varying shades of yellow, green and light­
brown), soil-covered areas with sparse vegetation (purple and blue), 
lineaments and granite-derived soil (grey). The Clay-iron images adequately 
differentiated between iron-rich areas (varying shades of blue) and clay­
bearing areas (yellow, orange and red). However, not all clay-bearing areas 
are associated with hydrothermal alteration; field checks were necessary to 
discriminate between weathered granites and hydrothermally altered 
granites. The Wallis images served to locally enhance the contrasts of the 
MES and C 1 ay- iron images. Hence, a lthough remote sens i ng techni ques are 
useful in the exploration for Archaean granite/gneiss-hosted gold deposits, 
field checks are always necessary to confirm the interpretations. 

Finally, it is interesting to note that the gold-bearing granites (located 
on the farms Roodepoort and Waterval) have intruded the greenstones. 
Possibly, the proximity of greenstone belts to the granites does have an 
influence on Archaean gran ite/ gnei ss-hosted go ld mi nera 1 i zat ion, as 
discussed by Mann (1984). 
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Appendix 1: The Exploration of Archaean granite/gneiss-hosted 
gold deposits 

The objective of mineral exploratiurr is to focus attention progressively on 
the most favourable parts of an area, so that as exploration proceeds, the 
chances of an economic mineral deposit being found continuously increases 
(Hodgson, 1990). Two factors are critical to a good exploration strategy; 
namely: 
1) optimizing on the cost in relation to the effectiveness of methods used 
to determine the presence or absence of features on which the area 
selection process is based, and 
2) using the appropriate criteria for exploration area selection. Large 
scale area selection criteria define the geological environment which is 
favourable for mineralization, whilst the smaller scale features define the 
deposit (e.g., Fig. 55). These area selection criteria should be relatively 
easily identified by field techniques (Hodgson, op. cit.). 

As described in Section 4.4., large scale area selection criteria for 
magmatic-related gold deposits within granites are: (1) the intrusion 
should be of late-Archaean age, (2) it should be hydrothermally altered, 

and (3) possibly be located within a shear zone. Smaller scale area 
selection criteria are: (1) the intrusion should be extensively sheared 
with an abundance of quartz veins in brittle and brittle-ductile fractures, 
and (2) sulphide mineralization should be associated with these quartz 
veins (concentrated near one or other of the sidewalls), and also quartz 
stockworks . 

Large scale area selection criteria for metamorphic-related gold deposits 
in granites are: (1) the granite intrusion should be located within a shear 
zone, or alternatively the granite intrusion should be affected by 
regionally extensive, late-Archaean shearing/deformation, and (2) the 
granite intrusion should display hydrothermal alteration. Smaller scale 
area selection criteria are: (1) shearing within the granite. The style of 
shearing could vary from brittle to brittle-ductile to ductile, depending 
on the grade of local metamorphism, and (2) sulphide mineralization 
together-wi th assoc i ated hydrotherma 1 and carbonate a lterat i on shou 1 d be 

present within the immediate wallrocks of the quartz veining, and in quartz 
stockworks. 
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Figure 55. Diagrammatic illustration showing how the di stinction between 
geological characteristics of the 'deposit', and the geological 
characteristics of the 'deposit environment' depends on the scale of 
the geo 1 og i ca 1 feature ilSSOC i ated wi th mi nera 1 i zat i on (after Hodgson, 
1990) . 

Pathfinder-e lements for geochemical exploration depend on the type of 
sampling being undertaken, the sampling media and associated Eh/Ph 
conditions, local geographic and climatic conditions, the type of 
geochemical analyses available to exploration geologists and the ,phase of 
exploration involved. As discussed in Section 4.4., suggested pathfinder­
elements/ratios for Archaean granite/gneiss-hosted gold deposits are as 
follows: 

Lithogeochemical samples : Ba, Cu, Mo, KINa, Sb and As . 

Stream sediment sample s : Mo and As. 

Soil sample s : Mo, As and Cu . 

Ba and Sb (for more de tail ed soi l surveys). 

Prior to proceed ing with the exploration, i t is useful to do an orientat ion 
sur vey over an orebody, s imilar to those being explored for . The 
orientation survey should establish the local geographical conditions under 
which the exploration i s to proceed, and the response of the exploration 
techniques to be used in the particular phase of exploration (e.g., LANDSAT 
images and geochemical analyses techniques available for the exploration 
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program) . In addition, a vertical profile of the gold deposit (perhaps an 
old drill core) should be examined/logged, and the nature of the 

mineralization determined (Peters, 1978) . The Knight's Pluton at Roodepoort 
is a knowli gold deposit, h0~t:!d by altered granodioritic intrusion within 
the Pietersburg granite-greenstone terrane, and served as an orientation 
survey for this project (see Chapter 7) . 

The exploration sequence is displayed in figure 56. As illustrated, each 
exploration phase is separated by a decision point, prior to proceeding to 
the next exp lorat i on phase. Ideally, the exp lorat i on techniques used in 
each exploration phase should have the lowest cost/benefit ratio . The 

'Regional Area Selection' phase of exploration that is applicable to this 
project, and proposed programs for further exploration are described below. 

Co st , 

Detailed Follow - up 

" 

Dreliminary Follow-up 
, , 

Reconnaissance Exploration 

. , Decision point - start of reconnaissance exploration 
Regiona l Area Selection 

Benef it 

Figure 56. Diagrammatic representation of the exploration sequence, in 
terms of cost/benefit ratio. The optimal exploration strategy is that 

succession of exploration activities which in aggregate has the lowest 

total cost, relative to the economic return. Each type of exploration 

activity gives a diminishing return on investment as it is pursued, and 
is replaced by the next most cost-efficient type of activity at the 

decis ion points where the size of the area being explored is reduced 
(after Hodgson, 1990). 
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Regional Area Selection 

Area selection in mineral exploration is based on the presence or absence 
of the above-ment ioned 'area se lect ion criteri a' (Hodgson, 1990). In th i s 
project, the use and interpretation of LANDSAT images formed an integral 
part of the exploration techniques (Fig. 2); to assess their usefulness in 
the exploration of Archaean granite/gneiss-hosted gold deposits . They also 
represent a potentially cost-effective exploration tool; an important 
component of a good exploration strategy (Hodgson, op. cit.). The LANDSAT 
images used in this project were processed and made available by the Remote 
Sensing Department, Anglo American Corporation of South Africa limited. The 
images were interpreted with emphasis on identifying possible large-scale 
'area selection criteria' described above. 

The fieldwork consisted of locating the latter features on the ground and 
carryi ng out pre 1 iminary exp lorat i on for both large and sma 11 er sca 1 e 
'area selection criteria'. This involved geological mapping and trenching 
where necessary, and the co 11ect ion of 1 ithogeochemi ca 1 samp les. 
Representative samples were analyzed by fire assay for gold and the multi­
element XRF (X-ray fluoresence) analytical technique available to 
exploration geologists of A.A.C. (Appendix 3). Laboratory work involved 
petrographic examinations of selected granitic samples from each of the 
five areas chosen for exp 1 orat i on; to determi ne thei r approx imate moda 1 
compositions and types of alteration. 

Finally, recommendations for the future of each area, in terms of gold 
exploration, were offered. The recommendation for the 'Regional Area 
Selection' phase of exploration to be upgraded to the 'Reconnaissance' 
phase of exploration (Fig. 56) is based on the presence of 'area selection 
criteria' within the selected areas chosen for exploration. 

Reconnaissance Exploration 

Having established the presence of 'area selection criteria' within an area 
se 1 ected for exp 1 or at i on, the next stage is to use appropri ate rapi d 
sampling techniques that are able to delineate mineralized areas for 
follow-up studies, and eliminate barren ground. It must be recognised that 
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most potential orebodies discovered during present-day exploration are 
likely to be blind deposits. The resultant geochemical anomalies caused by 
these potential orebodies at surface will probably be very subtle. 
In it i a lly, the best techni qll'! for reconna i ssance exp lorat i on is stream 
sediment sampling. An orientation exercise should be conducted within the 
streams to determine the the optimum size sampl ing fraction. An initial 
sample spacing of 400m is recommended. In addition, every confluence must 
be sampled; slightly upstream . 

The stream sediment ana lyses shou 1 d be p lotted on samp 1 i ng map over 1 ays, 
and as cumulative frequency diagrams on log-probabil ity graph paper; to 
enable the different sample populations (i . e. background and anomalous) to 
be determined with a reasonable level of confidence. The decision to 
proceed to the 'Preliminary Follow-up' phase of exploration is based on 
whether suitable anomalies exist. According to Levinson (1980), at least 
two contiguous anomalous samples are necessary for mineralization to be 
considered significant. Reedman (1979) stated that the average abundance of 
As and Mo within stream sediments are 1-50 ppm and 1-5 ppm, respectively. 

Preliminary Follow-up Phase of Exploration 

Having established the existence of a geochemical anomaly, its source must 
be located, and cause determined. Closer spaced stream sediment sampling 
fo 11 owed by bank samp 1 i ng, where poss i b Ie, are proposed as methods of 
isolating the source and possible causes of the anomaly. Examples of causes 
may be actual mineralization, groundwater seepages, contamination, etc .. 

The next step in the follow-up work is a soil sampling program within the 
drainage basin of the anomalous stream sediments. A soil sampling grid is 
suggested for the areas selected for exploration in this project. The base 
line of the grid should be placed subparallel to the strike of major shears 
or lineaments in the area, and the soil samples should be collected at 
right angles to the strike of the base line. If shear zones or lineaments 
are absent, a square or rectangular shaped grid should be used. As the most 
likely gold deposit is shear-zone hosted, the grid needs to have a 
reasonably narrow spacing, such as 100m by 50m. A big problem regarding 
soil geochemistry however, especially in a long-established gold producing 
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area such as the Pietersburg granite-greenstone terrane, is contamination 
from pre-existing gold workings, and should be borne in mind during any 
i nterpretat ion of so i 1 geochemi ca 1 data. Ana lyses shou ld be plotted, as 
grid overlays and contoured. Geophysical technioues such as ground 
magnetometer surveys and IP surveys are recommended as an aid to locate 
shear zones and to indicate areas of possible disseminated mineralization. 

Ideally, a small orientation soil sampling program should be done at the 
relevant area, prior to the follow-up soil sampling program. Soil samples 
should be taken from the 8-horizon of the soil profile, and sieved to 
various mesh sizes, prior to being submitted for XRFME analyses (Appendix 
3). The mesh size with optimum Cu, As and Mo values should be used. The 
decision to proceed to the 'Detailed' phase of exploration is based on a 
significant non-cultural anomaly being located. 

Detailed Exploration Phase 

Detailed exploration involves evaluating anomalies and outlining the 
location of mineralizat ion as closely as possible prior to drilling or 
initiating major surface/subsurface excavations (e.g., extensive trenching, 
adits), (Levinson, 1980). The anomalous area located during the 
' Preliminary Follow-up' phase of exploration should be soil sampled, using 
a smaller spaced grid of 50m by 25m. The soil samples should be analyzed 
for Au, Cu, As, 8a and Sb us i ng atomi c absorpt ion spectroscopy (AAS) . 
Results should also be plotted as grid overlays and and anomalous areas 
determined . These areas should be geologically mapped at a scale of 1:500 
or 1:1000, and lithogeochemical samples collected where possible. The 
lithogeochemical samples should be collected along traverses at regularly 
spaced intervals within the mapping area, and analyzed using the above­
mentioned technique for K and Na in addition to Au, Cu, As, 8a and Sb. The 
increasing K/Na ratio can be used as an indicator of hydrothermal 
alteration. If no outcrop exists, at least one percussion drill hole in the 
most anomalous area is recommended. The samples should be analyzed as 
described above. 

Particular attention must be given to locating shears, quartz-carbonate 
veins and alteration-types (phyllic, propylitic, potassic, carbonatization, 
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alunitization) during the geological mapping. Alteration is often revealed 
by a bleached appearance on weathered surfaces, although some surfaces are 
reddish due to iron-staining, and others are black due to manganese oxide 
staining. Where possible, thin-section petrographic work should be done ir. 
conjunction with the geological mapping as an aid for identifying the 
different haloes of hydrothermal alteration. Gold mineralization is usually 
greatest in the potassic and phyllic alteration zones, alongside shears and 
in areas of quartz-carbonate veining. The recognition of the propyl itic 
alteration halo is however, important for exploration purposes. 

As described in Section 4.4., the anomalous area located during the 
'Detailed Exploration Phase' is considered to be a gold deposit if gold 
assays ind i cate va lues of 19/metri c ton over wi dths of at 1 east severa 1 
metres, or higher grades over narrower wi dths and/or verba 1 descri pt ions 
that indicate such values (e.g. Hodgson and Troop, 1988). 

The decis~on to further evaluate the prospect depends on numerous factors 
such as Company policy, gold price, the economic climate, logistical 
factors (e.g., availability of electricity, ease of access, type of mining 
required, mining costs) and political climate . At a present gold price of 
approx imate ly R35000/kg and tota 1 operat i ng costs of about R30000/kg for 
underground gold mining operations, it is suggested that an open pit 
operation is the only viable economic target. Ideally, the mineralized 
granite should be in a semi-weathered state to keep processing costs such 
as crushing at an absolute minimum. 
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Appendix 2. LANDSAT Images 

The images used in th i s project are acqu i red from the 'Earth Observat ion 
Satellite Company', USA; ~nd originates from the LANDSAT 5 satellite 
launched in 1984. They are received in the form of a computer compatible 
tape, and are processed on a VAX 8600 computer using Anglo American 
Corporation 'in house' computer programs written by Dr Neil Pendock. 

The LANDSAT 5 satell ite has a thematic mapper (TM), which contains six 
sensors each with a resolution of 30m x 30m. An additional sensor in the 
thermal infra-red band has a resolution of 120m x 120m. 

The above sensors cover the various wavebands of the electromagnetic 
spectrum as shown in Table 3. 

Each of the sensors gather data simultaneously, but are restricted to their 
individual wavebands. The data in each sensor is collected as picture 
elements (pixels). Each pixel has a digital number (ON) assigned to it, and 
this represents the energy associated with the range of EMR wavelengths to 
which each detector is sensitive (Drury, 1987). For the visible and near­
infrared range, the energy is that reflected by the earth's surface 
together with a minor component scattered by the atmosphere. The data are 
stored as electrical potentials produced in a radiation detector by 
photons. These potentials are rescaled and transmitted to an earth 
receiving station as an 8-bit binary digit number. 

The ON's from the different bands for a particular pixel along a particular 
line coincide with one another. Therefore the data obtained from the 
different sensors can be correlated. As this data is in digital form, it 
can be manipulated using various mathematical techniques during the various 
processes neccessary for the final product. These processes consist mainly 
of pre-processing and image enhancement, and are described below. Details 
of these processes are obtained mainly from Sabins Jr., (1987), and will 
not be specifically referenced. 
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Preprocessing 

Preprocess ing i nvo lves app lyi ng correct i ve proceedures such as rep 1 aci ng 
dropped lines and ·geometrical r.orrections on origir.~' data. Dropped lines 
occur due to brief failures in the circuits of a detector which results in 
spurious signals during a scan. Geometrical rectification takes curvature 
of the earth into account, and converts the position of pixels to a two­
dimensional space. 

Image Enhancement 

Image enhancement covers all 'processing' operations concerned with making 
an image 'better' or more interpretable. These operations are of two types; 
point operations and neighbourhood operations. 

Point operations act upon the brightness values of individual pixels 
whereas neighbourhood operations change the pixel values as a function of 
the values of other pixels. 

The image histogram (Fig. 57) forms the basis of all image enhancement 
operations. 
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It is a plot of the brightness value represented by digital numbers (DNs') 
versus the frequency of their occurrence. The shape of the histogram and 
spread of its values determines the methods of enhancement. The most 
commonl y applied methods are contrast stretches, band ratioing and ecige 
enhancement. 

Contrast Stretches 

Contrast stretches are the basic working tools of the image analyst. Remote 
sens i ng systems are des i gned to record the fu 11 range of reflectances 
possible from all conceivable surface materials. Values range from black 
(DN = O) to white (DN = 255), however such extremes are rare on the earth's 
surface. Furthermore, the human eye is capable of only discriminating only 
about 30 grey levels providing they are adjacent to each other and sharply 
contrasting. Therefore it is preferable to stretch the image in order to 
highlight contrasts. The in-house Anglo American MES images are produced in 
such a. !!1anner. The major methods of stretch i ng ava ilab 1 e are the Linear 
Contrast Stretch, and Non-linear Contrast Stretch consisting of the Uniform 
Distribution Stretch and the Gaussian Stretch as illustrated in figure 58. 

The Linear Contrast Stretch is the most commonly used method and involves 
assigning a DN value at the low end of the original histogram to 0 (black) 
and a DN value at the high end of the original histogram to 255 (white). 
A 11 the data between these two va 1 ues are then 1 i near ly stretched. Th i s 
stretching improves the contrast of the image, thus enabl ing the 
enhancement of features such as fractures and individual rock-units, etc .. 
A disadvantage is that contrast is decreased at the extreme high and low 
end of the original image histogram. 

The Uniform Distribution Stretch is similar to the Linear Contrast Stretch 
and redistributes all the values of the original histogram uniformly over 
the ent ire hori zonta 1 ax is. Th i s stretch app 1 i es the greatest contrast 
enhancement to the middle brightness values (DNs') of the original 
histogram. The loss of contrast at the extreme light and dark ranges is not 
as severe as in the Linear Contrast Stretch. 
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Figure 58. Contrast enhancement methods (modified after Sabins Jr., 1987). 

The Gaussian Stretch approximates the original histogram to a normal 
distribution, thus enhancing the contrast within the tails of the histogram 
(i.e. it improves contrast between the light and dark ranges of the image 
at the expense of contrast in the middle ranges). 

Ideally, the user should inspect the original image and determine the 
elements of the scene (e.g. fractures, granites) that are of greatest 
interest. The appropriate stretching technique should then be applied. 
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Band Ratioing 

A lot of minerals have spectra with diagnostic absorption and reflectance 
characteristics (spectral signatures). Some are i l1\·strated in figure 59, 
which shows laboratory measured reflectance spectra for a number of common 
minerals over the wavelength range 0,4 - 2,5 ~m. As illustrated, kaolinite, 
alunite, montmorillonite and illite have prominent absorption features 
within band 7, and high reflectances associated with band 5. Limonite, 
hematite and goethite have weak reflectances in band 1, but strong 
reflectances in band 3. 
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Figure 59. Reflectance spectra of some minerals (after Sabins, JR., 1987). 
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Unlike the laboratory determined spectra using band-widths of 0,01 ~, the 
thematic mapper takes readings over larger band-widths, and therefore 
cannot diagnose the individual spectral differences. Instead, the 
individual band reflectance values are representative of the overall rock 
composition derived from a number of different minerals. This also applies 
to vegetation, soil, etc . . 

Figure 60 shows spectral reflectance curves for vegetation, hydrothermally 
altered rocks and unaltered rocks according to the LANDSAT TM. As 
illustrated, there is a distinct difference between the reflectance percent 
of hydrothermally altered rock and unaltered rock. This property is useful, 
especially as Archaean granite/gneiss-hosted gold mineralization is 
commonly associated with hydrothermal alteration. It should be noted that 
Band 6 of TM (10,4 - 12,5 11m) lies in the thermal IR region beyond the 
range of figure 60. 

Note that the altered rocks have high reflectances at 1,6 11m corresponding 
to band 5 and low reflectances at 2,2 11m corresponding to band 7. Therefore 
an image using the ratio 5/7 would enhance the reflectance of the altered 
rocks to a ratio of approximately 1,5 : 1 as the lower reflectance values 
of band 7 are in the denomi nator. The una ltered rocks have near ly equa 1 
reflectance values for bands 5 and 7; and therefore a ratio of 
appro x imate ly 1 : 1. The percentage ref 1 ect ion is usua lly represented by 
'grey-scales' with the lowest reflection being black and the highest 
reflection being white. These 'grey-scales' can be converted to colour by 
using a colour density slice, and is more 'pleasing' to the eye. Red and 
yellow colours for example, can be assigned to the highest ratio values; 
thereby suggesting the possible presence of altered rocks. Green and blue 
can be ass i gned to those rocks wi th the lowest rat i 0 va 1 ues, suggest ing 
unaltered rocks. 

Similarly, spectra of weathered iron-rich minerals (Fig. 59) have weak 
reflectance in the blue region (band 1) and strong reflectance in the red 
region (band 3). Therefore an image using the ratio 3/1 results in high 
reflectances for iron-rich areas, causing bright tones on the image. 
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Figure 60. Spectral bands for the TM system . Reflectance curves for 

vegetation, unaltered rocks, and hydrothermally altered rocks (after 

Sabins, 1983). 

It is also possible to produce an image using the ratios 5/7, 3/1 and 3/5. 
If one had to apply a 'colour density slice' to these ratios by assigning 
red, green and blue to these ratios respectively, orange and yellow tones 
would delineate possible altered rocks whilst blue would represent areas 
with little clay alteration. This type of image is often called a 'clay­
iron' image. Other combinations of band ratios are also possible and often 
used (e.g. the in-house Anglo American clay-iron image). 

Another effect of band ratioing is to remove the influence of topography 
and shadow caused by varying illumination from the sun. Theoretically any 
surface should recieve the same proportion of energy in all wavebands 
irrespective of its orientation to the sun. Hence the ratio between two 
bands for pixels containing the same kinds of surface material should be 
the same despite their varying orientations. In addition, the brightness 
(albedo) variation of the ground surface is decreased and the colour 
(spectral) differences increased. Problems related to band-ratioing 
include (Drury, 1987): 
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1). Emphasizing random noise, thereby enhancing spurious data. 

2). Removing surface brightness effects. This can in some instances remove 
the very parameter by which the analyst discriminates materials; two rocks 
can have similar spectra, but different albedos. 

It should be emphasized however, that not all alteration features indicated 
in Clay-iron images necessarily involve hydrothermal alteration. Therefore 
field visits are always needed to determine their cause. 

Edge Enhancement 

Edge enhancement techniques are specifically used for enhancing linear 
features, using various linear algebraic techniques. They fall into two 
categories; non-directional filters and directional filters. Non­
directional filters enhance linear features having almost any orientation 
in an image (except those features that are orientated parallel to the 
direct i on of f i 1 ter movement). 0 i rect i ona 1 f i 1 ters on the other hand, 
enhance specific linear trends in an image. 
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Appendix 3: Geochemical analytical techniques used in this project 

In this project, selected rock samples were analysed using the Anglo 
Amer i can Research Laboratory Xray Fluorescence Multi-element (XRFME) 
technique for base-metals and f i re-assay for gold. The XRFME package is the 
standard geochemical analysis method available for exploration. Table 5 
gives the limits of detection and precision for relevant elements using the 
XRFME method. The limit of detect ion of Au using the fire-assay method is 
50ppb. 

Element 

Ba 
Rb 
Sr 
Nb 
Zr 
y 

Cu 

Zn 

Pb 
As 

Table 5 
Geochemical Analyses Using The A.A.R.L ." XRFME Technique 

Working Range Precision 
L.L.D. Upper (1 std. dev.} 

50ppm llOOppm 38ppm @ 300ppm 
2ppm 1400ppm 2.5ppm @ lOOppm 
2ppm lOOOppm O.9ppm @ lOOppm 
Ippm lOOOppm Ippm @ lOOppm 
2ppm 5000ppm O.9ppm @ lOOppm 
2ppm lOOOppm 1.7ppm @ lOOppm 
5ppm lOOOppm 3ppm @ lOOppm 
5ppm lOOOppm 6. 1ppm @ 100ppm 
3ppm 1000ppm 3.9ppm @ 100ppm 
5ppm 1000ppm 5.1ppm @ 100ppm 

(modified after Feather and Baumgartner, 1983). 
"Anglo American Research Laboratories. 
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Appendix 4: Geochemical Analyses 

The geochemical analyses of the Roodepoort, Ramagoep, Moletsie and Matlala 

gran it i c rocks are 9i ven in Tab le 6. They were a 11 ana lysed us i ng the 

techniques described in Appendix 3. The granitic samples from Waterval were 

ana lysed separate ly by the Eerste 1 ing Go ld Mi n ing Company, Ltd. for go 1 d 

only, using the fire-assay technique. The results of these analyses are 

given in Chapter 8 and figure 45. 

As shown in Table 6, most of the samples are obtained from Roodepoort, the 

only really promising area for gold mineralization. Sample positions are 

illustrated in figure 61. The sampling positions for Roodepoort that are 

not illustrated in figure 61, are taken from pits, trenches and adits 

within the Knight's Mine. The sample positions at Ramagoep, Moletsie and 

Matlala are illustrated in figures 47 and 50 (Moletsie and Matlala) 

respectively. 
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