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FRONTISPffiCE: 

The Tati Greenstone Belt has a long, mining history dating from the 

prehistoric stone age to the present The two photographs in the frontispiece 
' 

illustrate part of this long mining tradition. 

IJwer Photo&filPh: 

A s~Jne carving which formed the mortar part of an ancient (pre-1866) mortar 

and pedestal gold processing plant. Such outcrops are scattered all over the Tati 

' 
Greenstone Belt, especially near river beds. The grinding stones (mortars) are very 

I 

difficult to find as they were made from loose stones. 

Lower Photo&mph: 

The ruins of an old gold mil1ing plant used during the post.:.186ti mining 

period. The photograph was taken at the, abandoned Ve~t1aak Mine, about 23 km 

east of Francistown. 
;l 
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ABSTRACf 

The Tati Greenstone Belt of Botswana occurs along the southern margin of 

the Archean Zimbabwe Craton in the northern contact zone of the Limpopo Belt. 

Detailed mapping and structural analysis indicates that the Tati Greenstone Belt 

consists of three fault-bounded volcano-plutonic sequences intruded by granitoids. 

The data further suggest that the belt fo~mec from the acc.retion of the volcano-

plutonic sequences to the Zimbabwe Craton in a manner. resembling modem 

orogenic belts. 

Geochemical data suggest that the Tati ; Greenstone Belt consists of a 

komatiite-tholeiite sequence representing a back-ar'~ basin and calc-alkaline volcanic 
· .. 

and feldspathic sedimentary rock sequences which overall indicate the existence of 

an arc environment. The geochemical data further indicate the presence of three 

different magmatic suites within the Lady Mary Group of the Tati Greenstone Belt 

and these suites have geochemical signatures similar to those of found in modem 

tectonic environments. Jbe three magmatic suites include LREE-depleted rocks, 
'I. 

LREE-enriched rocks and komatiites. The LREE-enriched rocks form the margins 

of a basinal structure with LREE-depleted and komatiites at the core. The komatiites 

are postulated to have formed from plume-type magmas generated in deep portions 

of the Archean mantle. 

Gold mineralization in the Tati Greenstone Belt, northeastern Botswana, 

formed as an integral component of the tectonic evolution of the belt. Three main 

stages of gold mineralization are recognized. The first mineralization stage is related 
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to the late stages of volcanism which formed the volcanic sequences in the belt 

During this stage hydrothermal fluids circulated through the volcanic structure along 

fissures, fractures and lithological boundarie&, leaching metals and creating extensive 

carbonate alteration rones. The contact zonc.·s between basaltic rocks aod synvolcanic 

gabbroic sills, and inter-pillow areas were the most extensively altered. Metal-bearing 

fluids, in which the metals were derived during the alteration of the basaltic crust, 

were discharged along the tops of the volcanic sequences depositing banded iron 

formations with siliceous, carbonate, oxiG~ and sulphide facies. In particular, sulphide 

facies banded iron formations in the Tati Greenstone Belt are discontinuous units 

located at the top of major volcanic sequences, which are either covered by 

sedimentary rocl-.s including carbonates and minor clastic rocks, or lie directly on the 

basaltic crust. In the waning stages of the hydrothermal activity, lower temperature 

phases of the hydrothermal fluids precipitated Au, Ag, Sb, As and other related 

metals in pockets at localized sites. 

The second stage of gold mineralization coincided with the deformation of the 

belt ·and the creation of favourable structural sites. During this stage, related toNE 

to N directed compression and thrusting (01), NE to N verging recumbent and 

overturned folds were formed. Volcanic sequences were thrust onto each other along 

lithQ~ogical boundary-parallel faults, which are demarked by banded iron formations 
),: 

and related sedimentary rocks. The second deformation, 0 20 was the main foliation

forming deformation event. Metamorphic de-watering during this event resulted in 

large scale foliation-parallel carbonate and quartz-carbonate veining. Carbonate 
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alteration formed during the first stage was extensively replaced by silica during this 

second stage, creating the silicified alteration zones which accommodated brittle 

deformation during subsequent deformation events . 

. The third stage of gold mineralization was related to 0 3 shearing of the 

volcanic rocks in the belt and major granitoid magmatism. Shearing and faulting 

created cross stratigraphy faults/shear zones. Banded iron formations and silicified 

zones formed during the D2 deformational event accommodated brittle failure during 

this D3 shearing event. Secondary fluids penetrated through the lithologies along 

numerous structures and were heated by granitoid magmas. These fluids remobilized 

metals from banded iron formations and massive sulphide horizons, redepositing 

them into brittle fractures. The brittle structures were localised to areas of 

lithological heterogeneity, such as at contacts between gabbroi<: sills and basaltic host 

rocks and in relatively structurally competent rocks such as banded iron formations. 

The mineral occurrences formed during this stage were low temperature Au-only 

deposits. 

Gold was produced from at least 70 small mines scattered across the Tati 

Greenstone Belt. Pre-1800 gold production by local tribesmen was also substantial. 

The various gold occurrences and their characteristics are summarized in a 

metallogenic map of the belt. Data presented on the metallogenic map include the 

main commodity produced, metallic associations, the form in which gold occurs, host 

rock type, and the nature of the structural control. 
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CHAPTER ONE 

1. INTRODUCI'ION 

1.1 Outline of the Project 

Although tremendous progress has been made in research on mesothermal 

gold mineralization in Archean greenstone belts, problems with respect to the sources 

of both metals and mineralizing fluids still remain largely unresolved. Structural 

studies during the past decade have revealed that mesothermal gold mineralization 

is structurally controlled at both deposit and district scales (e.g. Roberts, 1987; 

Colvine et al., 1984; Sibson, 1989; Hodgson, 1989; Poulsen and Roberts, 1989; Harris, 

1987; Eisenlohr, 1989; Muller and Harris, .1987; Cox et al., 1986). Mineralization is 

localized in ductile-brittle environments within cross-stratigraphy, secondary shear 

zones in greenstone belts (e.g. Sibs on, 1989). Such shear zones are generally 

. associated with large terrane boundary faults, which themselves are not mineralized. 

Studies on the chemical characteristics of gold mineralization have also 

contributed greatly to the understanding of Archean mesothermal gold deposits 

(Kerrich and Fryer, 1979; Colvine et al., 1984; Kerrich, 1989; Golding and Wilson, 

1987; Perring et al., 1987). Such studies have indicated that the ore fluids were 

generally low salinity, high pH, C02-rich and with low base metal contents. 

Inspite ofthe~_e determinations, disagreements still exist on what role host rock 

lithology plays in mineralization. For instance, most structural geologists contend that 

structure plays the dominant role in Archean rnesotherrnal gold mineralization, with 



2 

the host rock playing little or no role. In general, they suggest that mesothermal gold 

deposits are deposited in low strain areas; at structural jogs, bends and other related 

di1atant zones in strike-slip fault/shear zones. In such models, mineralizing fluids and 

metals are derived from the lower crust, and were transported to mineralized areas 

along terrane boundary faults. Hutchison and Burlington (1984), however, wondered 

why gold mineralization would be restricted to greenstone belts, if lithology and 

stratigraphy do not play any role during the deposition of these deposits. 

Geologists with a geochemical background, on the other hand, argue that the 

host rock lithology is a very important factor in loca1izing gold minera1ization, in 

terms of providing both a chemical control for the deposition of metals from 

hydrothermal fluids, Fe-rich rocks being more favourable ( cf. Phillips and Groves, 

1984), and a mechanical control as competent rocks fracture easily (e.g. Eisenlor et 

al., 1989). In the Zimbabwe Craton greenstone belts, Foster (1985) showed that gold 

mineralization is most common in banded iron formations, especially those related 

to tholeiitic ultramafic-mafic volcano-plutonic rocks. Roberts et al. (1990) suggested 

that gold mineralization in Archean greenstone belts is more prominent in tholeiitic 

rocks than calc-alkaline rocks. Madu et al. (1990) observed that Sb-Au deposits in 

greenstone belts are most common in turbidites or feldspathic sedimentary rocks. Pirc 

and Rose (1990), on the other hand, indicated that red-bed sedimentary rocks 

generally contain high background levels of antimony. Stone (1990) concluded that 

there is a restriction of gold orebodies to specific rock types, suggesting a 

stratigraphic control to gold mineralization. 
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In general, however, the geochemical and structural characteristics of Archean 

mesothermal gold mineral deposits are similar whatever the host lithology within and 

between greenstone belts. Differences in the metallic associations of deposits may be 

a function of the interaction of mineralizing fluids with different host lithologies. The 

extent to which lithology and stratigraphy control gold mineralization is, however, 

poorly understood as research is generally undertaken on the scale of individual 

deposits or mines. Results from such small scale studies are usually extrapolated to 

suggest belt, or province, -wide characteristics. In such situations, similarities are 

usually overemphasized at the expense of distinct differences. 

To reconcile these polarized views, an integrated approach to research is 

required. Such an integrated study should combine structural, stratigraphical and 

geochemical data at both deposit and regional scales. In a study of this nature, it 

should be possible to (i) assess the role of structure in the distribution and 

localization of mineral deposits, (ii) identify the relative influences of lithology on 

mineralization, (iii) define the interrelation of the rock succession (e.g. petrogenetic 

suites) with the tectonic evolution of the belt, and (iv) identify both the mode of 

assembly (or accretion) of disparate terranes that constitute the belt, and the 

structures that are related to that accretion such as faults, shear zones, folds and 

thrust slices. If all of the relevant data are available, it would then be possible to 

develop a comprehensive meta11ogenic model. 

This then is the approach taken in this metallogenic study of gold 

mineralization in the Tati Greenstone Belt of northeastern Botswana. Unfortunately 
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the geology of the Tati Greenstone Belt is poorly defined. This means that much of 

the required data had to be generated during the limited time span of this Ph.D 

research project, and therefore, some aspects of the metallogenic study were not 

subjected to the same degree of scrutiny. The relative value of specific components 

in the study depended on the author's perception of its relation to the understanding 

of gold mineralization. Nevertheless, a regional study of this magnitude, that 

integrates the stratigraphy, structure and tectonic history is essential to assess the 

distribution and locaJization of gold mineraJization. 

MetaJiogeny is defined as the study of factors that control the distribution of 

mineral deposits in space and time (Strong, 1987; Laznicka, 1985). In other words, 

the tectonic settings of ore-bearing lithologies control the distribution and nature of 

mineral deposits that develop in a particular environment. The metaJiogenic 

characterization of a tectonic environment and the understanding of lithological 

associations in that environment, require high quality stratigraphical, structural and 

geochemical data. 

The main focus of this study is the relationship of gold mineralization to the 

evolution of the Tati Greenstone Belt. Although organized mining in Tati Greenstone 

Belt las_ted for just under a century from 1866 to 1964, all mining activities were 

centred around ancient (ie. pre-1866) mining excavations and most modern mineral 

eXploration has been concentrated around these ancient workings. Rainbow is the 

only gold deposit discovered by conventional mineral eXploration techniques. There 

has been very little primary eXploration in the unexamined areas of the belt. Key 
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(1976) suggested that for a belt of its size, very little gold has been lJroduced from 

the Tati Greenstone Belt. Much greater gold production has been achieved from 

greenstone belts of similar size in adjacent Zimbabwe, and also in other parts of the 

world. As such, it was concluded that the Tati Greenstone Belt has a great, if 

unexamined, potential for further mineral discovery. Successful exploration, however, 

will depend o:.: understanding the nature and distribution of the mineralization, and 

the relationship of mineralization to the tectonostratigraphic evolution of the belt. 

Essentially, the controls on the mineralization need to be evaluated. 

1.2 Objectives and Aims of the Study 

The aims and objectives of this study are as follows: 

1. To constrain and evaluate the geotectonic setting of Tati Greenstone Belt 

rocks through the use of geochemical and structural data. Such geochemical 

studies will also contribute to the understanding of the geological evolution of 

Archean greenstone belts in general. 

2. To constrain the stratigraphy of problem areas within the belt through the 

use of geochemical data. 

3. To investigate the relationships between gold mineralization and the 

tectonic evolution of the Tati Greenstone Belt. 

4. To compare mineralizing fluids from different types of gold deposits in the 

belt through comparative geochemical analysis of alteration zones at the 

Shashe and Signal Hill Deposits. 
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5. To produce a metallogenic map and model for the Tati Greenstone Belt. 

This study was also aimed at utilising the abundant data accumulated during 

mining and mineral exploration periods (albeit incomplete) to produce a metallogenic 

map. It is hoped that this study will provide a basis for future mineral assessment of 

the Tati Greenstone Belt and similar belts elsewhere in Botswana. 

1.3 Location and Access 

The study area is located in northeastern Botswana, between latitudes 21 °00' 

and 21°30' south and longitudes 27'25' and 27"45' east and is covered by Botswana 

quarter degree map sheet 2127B and a portion of 2127A (Figure 1.1). The Tati 

Greenstone Belt extends from Francistown, eastward for about 60 kilometres to 

Matsiloje village. The Ramokgwebana River, which flows through Matsiloje, forms 

both the international boundary between Botswana and Zimbabwe and the eastern 

limit of the Tati Greenstone Belt (Figure 1.2). The belt extends to the south from 

Francistown to the Shashe River. This river lies in the Tuli-Sabi shear zone system 

of the Limpopo Belt. 

Francistown, with a population of about 70,000, is the second largest town in 

Botswana. A road network connects Francistown to the southern part of the country 

and to western Zimbabwe. Other roads link Francistown to the western part of the 

country and a gravel road runs westwards for 200 kilometres from Francistown to the 

Orapa Mine, the largest diamond mine in Botswana (Figure 1.1). A north-south 

railway line runs the entire length of eastern Botswana, connecting Botswana, 
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Zimbabwe and South Africa. A second railway line runs northwestwards from 

Francistown to the mining town of Sua in the Makgakgadi salt pans (Figure 1.1). 

Good tracks and mineral prospecting cutlines traverse the study area. These 

tracks were developed during past and current mineral prospecting endeavours. A 

gravel road runs eastward through farms and mining camps connecting Matsiloje to 

Francistown. Farm roads and fence cutlines also provide important access routes 

through much of the Tati belt. Two major rivers, the Tati and the Sekukwe, also 

traverse the Tati Belt from the northwest and north to the southeast and provide 

good cross sections of the geology within the belt. The area between Francistown and 

Matsiloje is a very important cattle farming area. Disused mines on these farms arc 

commonly used as watering points for cattle. 

1.4 Physiography 

The area is flat, with low lying hills throughout the entire exposure of the belt. 

Granitoid hills are prominent in the south and hills underlain by banded iron 

formations dot the area to the east. The highest hills in the area are the Matsilojc 

Ridges and Signal Hill with elevations of 1187m (3957 ft) and 1136m (3786 ft) above 

sea level, respectively (Figure 1.3). Nyambabwe Hill, in Francistown, is 1081 m (3604 

ft) above sea level. 

The Matsiloje Ridges and Signal Hill are underlain by banded iron formations. 

Nyambabwe Hill in Francistown is composed of tonalite. Valleys and low land areas 

are underlain by mafic rocks and gneisses. Geological control of the topography is 
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also reflected in the distribution of soP~ and vegetation. The mafic rock-bearing areas 

are covered by black cotton soils, grey earthy soils, and small thorny, scrub bushes 

with long grass. The granitoid and pink gneiss areas are overlain by pink sandy soils 

with tall savanna-type trees and short grasses. 

1.5 Previous Studies 

1.5.1 Exploration 

The first discovery of gold in Southern Africa was made by Ce!rl Mauch in 

1864 in the Tati Greenstone Belt. Following this discovery, mining started in 1866 and 

carried on for almost a century until 1964 when th\.! last operation ceased production. 

Although mining went on for almost a century, mining and exploration records from 

this period were poorly kept. The Tati Company, formed in 1871, acquired exclusive 

mining rights in the area in the early 1960's. The company undertook several 

exploration programmes throughout this period, and the most comprehensive of these 

programmes was carried out in 1960. The 1960 program included an evaluation of 

abandoned gold mines, and belt-wide geochemical sampling with limited geophysical 

surveys. Anomalies were further investigated by wagon and diamond drilling. Between 

1969 and 1971 Sedge Botswana, a subsidiary of Anglo American Corporation, 

undertook an extensive exploration programme in Tati Greenstone Belt, which 

included geochemical sampling and drilling, to estimate mineral potential of 

abandoned small gold mines. Geophysical surveys and wJgon drilling were used to 

further evaluate geochemical anomalies. Two small mines, Map-Nora and Bonanza 
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(Figure 1.3), were reported to have mineral potential (Molyneux, 1971). Prussag 

Botswana also explored the Tati area between 1978 and 1979. 

The increase in gold price during the early 1980's led to renewed interest in 

the Tati Greenstone Belt. This interest centred mainly on secondary recovery from 

mine dumps. Grassroots exploration was carried out by Falconbridge Ltd. (Johnston 

and Griffiths, 1982) and Goldfields (Sheeran, 1986). Morex Botswana concentrated 

on the evaluation of massive sulphide deposits at Selkirk and Phoenix. They also 

evaluated abandoned gold mines in the Tekwani and Rainbow areas and brought the 

Rainbow Mine into production in 1986. Map-Nora (now called the Shashe Mine) was 

operated between 1988 and 1990 by Phelps Dodge, Botswana. The Bonanza deposit 

is now being worked on a small scale. Joint venture partners Falconbridge and 

Seltrust evaluated the Signal Hill Au-Sb prospect for three years, until 1989, when 

Seltrust withdrew from the venture. Falconbridge is continuing with its exploration 

programme at Signal Hill. Morex and BCL are mining the Selkirk massive sulphide 

deposit. Mining and Development .Botswana is currently evaluating the Monarch mine 

west of Francistown. 

1.5.2 Previous Geological Research 

The first geological map of the Tati area was produced by Tulloch in 

1929. Several members of the then Bechuanaland Geological Survey (now the 

Botswana Geological Survey) reviewed different aspects of the geology and mineral 

deposits of the Tati Greenstone Belt. Booccck (1951) mapped part of the southern 
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arm of the belt. Kyanite and gold occurrences in the belt were reviewed by Lamont 

(1950a; 1950b) and Poldervaart (1950). Gerrard (1960) produced petrographic 

descriptions of some rocks from the belt. Chemical analyses of metalliferous samples 

were carried out by Van Straten (1954). Gravel resources of the area were assessed 

by Jones (1962). Mason mapped the Tati Greenstone Belt, and the adjacent area of 

Limpopo Belt, for his Ph.D. thesis between 1967 and 1969 (Mason, 1 970). Key ( 1976) 

carried out further geological mapping in the area covered by Mason. A 

photogeological interpretation of the Archean geology of NE Botswana was 

undertaken by Key and Hutton (1976). Baldock et al. (1976) commented on the 

geology of the area while reviewing the mineral deposits of Botswana. Crockett ct al. 

(1974) produced a map of the Precambrian geology of northeast Botswana, and 

Bennett (1971) produced a tectono·metamorphic map of the same area. Structural 

studies on portions of the belt were carried out by the Leeds University structural 

geology group between 1973 and 1976 (Coward et al., 1973,1976; Coward and James, 

1974; Coward, 1980,1984). These studies concentrated on the relationship between 

the Limpopo Belt and greenstone belts of the Zimbabwe Craton. Mineralogical and 

fluid inclusion studies were carried out by Harwood (1986), for Falconbridgc 

Exploration Botswana, on samples from the Signal Hill Au-Sb prospect. 

Regional geophysical survey coverage of Botswana has been completed. 

Gravity surveys were carried out between 1970 and 1971 (Reeves ami Hutchins, 

1976). Aeromagnetic surveys were completed between 1976 and 1977 in western 

Botswana (Reeves, 1978); and in 1986 in eastern Botswana. 
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1.6 Method of Research 

1.6.1 Laboratory and Desktop Studies 

There are a considerable amount of data on mineral deposits within the Tati 

Greenstone Belt on file with the Botswana Geological Survey, and thus considerable 

time was spent synthesizing and collating these data to compile a metaJJogenic map. 

It was initia11y planned to compile the geological information available from all 

existing geological maps as a geological base for the metallogenic map. It was soon 

realized that mo~t of the geological information and interpretations in these maps 

could not be reconciled. An extensive photogeological interpretation was therefore 

undertaken using aerial photographs of the area, at a working scale of 1:50,000, and 

satellite imagery. The combination of aerial photogeological interpretation, systematic 

field checks and the incorporation of the recently acquired aeromagnetic data for 

eastern Botswana, made it possible to adapt and re-interpret geological data 

contained on old geological maps. The data were also used to produce the current 

version of the geological map, on which the metallogenic map was based. 

Rock sample preparations were carried out (see Appendix for details) at both 

the Botswana Geological Survey and the Centre for Earth Resources Research 

(CERR)/Department of Earth Sciences, Memorial University of Newfoundland. 

Analyses were completed at the CERR laboratories. Major elements were 

determined by atomic absorption spectroscopy (AAS), while trace element (Nb, Zr, 

Y, Ga, Rb, Pb, Th, U, Sr, Cr, Zn, Cu, Ni, and V) contents were determined on 

pressed powder pellets by X-Ray Fluorescence spectroscopy. A suite of samples was 
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analyzed for trace elements, including rare earth elements (REE), by Inductively 

Coupled Plasma-Mass Spectrometry (ICP-MS). C and 0 isotope data for carbonate 

mineral separates were determined with a gas source mass spectrometer. Fluid 

inclusions in doubly polished sample wafers were analyzed using a Leitz petrographic 

microscope with a Fluid Inc. heating/freezing stage. 

1.6.2 Field Work 

Field work was carried out during two field seasons; the first covered the 

period from July to October 1988, and the second was from June to September 1989. 

The field work involved general field mapping, field checking of the photogeological 

map, and investigation of lithological, stratigraphic and regional structural relations. 

Rock samples for geochemical studies were collected from both the regional mapping 

and selected cored boreholes at the Shashe and Signal Hill Deposits. Field traverses 

were carried out along major rivers and streams that provide cross sections of the 

geology of the area. 
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CHAPTER1WO 

2. REGIONAL GEOWGICAL FRAMEWORK 

2.1 Introduction 

The Archean Tati Greenstone Belt is one of the greenstone belt enclaves of 

the Zimbabwe Craton (Figure 2.1). The Zimbabwe Craton is separated from the 

Kaapval Craton by linear, polydeformed, high metamorphic grade rocks of the 

Limpopo Belt. These two Archean cratons and the Limpopo Belt constitute the 

oldest Precambrian shield in the southern African Subcontinent (Kalahari Shield; 

Figure 2.2). Isotopic ages of rocks from this shield suggest the presence of crust older 

than 3.64 Ga (Hunter, 1991) or even as old as 3.8 Ga (Barton, 1981). 

This chapter briefly reviews the geology of the Zimbabwe Craton, with the aim 

of introducing the broad regional stratigraphic and tectonic relations of the Archean 

supracrustal rocks that constitute this craton. Furthermore, this review will attempt 

to summarize the stratigraphy of supracrustal rocks from the Zimbabwe Craton in 

light of recent research on Archean greenstone belts elsewhere in the world, most 

especially in Canada and Australia (Ayres and Thurston, 1985; Thurston and Chivers, 

1990; Barley and Groves, 1990). The geological and stratigraphic relations of rocks 

within the Limpopo Belt, especially along the northern margin, will also be 

summarized. The northern margin of the Limpopo Belt constitutes a unique 

geological terrane, the Northern Marginal Zone, that has different structures and 

stratigraphy than the other terranes within the Limpopo Belt. The Tati Greenstone 
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contains the Archaan Cratons of Zimbabwe and Kaapvaal (modified after Clifford, 1968). 
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Belt shares a boundary with the northern margin of the Limpopo Belt. 

2.2 Zimbabwe Craton 

The Archean Zimbabwe Craton underlies most of the areal surface of 

Zimbabwe and a portion of northeastern Botswana (Figure 2.1). Proterozoic to 

younger cover rocks obscure the western margin of the craton. The Mozambique and 

Limpopo belts form the eastern and the southern margins of the craton, respectively. 

As in Precambrian shields elsewhere in world, two tectonostratigraphic terranes have 

been described in the Zimbabwe Craton; (i) polydeformed, high metamorphic grade 

. (granulite facies) gneiss-granulite terranes, and (ii) lower metamorphic grade 

(greenschist facies) granite-greenstone belts (Stagman, 1978; Wilson, 1979; Or pen and 

Wilson, 1981 ). 

It is generally suggested that the gneiss-granulite terranes are older than the 

granite-greenstone belts. For example, high grade gneisses in the Minnesota River 

Valley, Superior Province, have isotopic ages of up to 3.5 Ga, compared to the 2.7 

Ga average age of greenstone belts in the province (Card and Ciesielski, 1985). The 

Ancient Gneiss Complex of Swaziland and South Africa contains rocks with isotopic 

ages up to 3.64 Ga compared with the 3.5 or 3.46 Ga ages of granite-greenstone belts 

(Kroner and Compston, 1988; Hunter, 1991). In western Australia, the Western 

Gneiss Terrane contains rocks with isotopic ages of around 3.4 Ga compared with 2.7 

Ga for old granite-greenstone belts of the YiJgarn Block and the > 3.0 Ga old 

greenstone belts of the Pilbara Block (Einsenlohr et al., 1989; Barley, 1992). 
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Structural and stratigraphic relations suggest that contacts between gneiss-granulite 

terranes and granite-greenstone belts, although disrupted by granitoid plutonism, were 

tectonic (e.g. Card, 1990; Drugova et al., 1990; Hunter, 1991). 

In some Precambrian shields, high grade gneisses similar to those in gneiss

granulite terranes have been suggested to form basement upon which the volcano

plutonic sequences of granite-greenstone belts were emplaced (Hunter, 1991; 

Drugova et al., 1990; Eisenlohr et al., 1989). For example, in western Australia, the 

Western Gneiss Terrane has been interpreted as exhumed deep crustal material that 

formed basement upon which the greenstone belt sequences were deposited (Myers, 

1990). In Zimbabwe, it has also been suggested that some greenstone belt rocks may 

have been emplaced in a continental environment on a basement consisting of high 

grade gneisses (Hawkesworth and O'Nions, 1977). 

2.2.1 Basement Complex 

There is no hard evidence in the Zimbabwe Craton for the existence of 

basement gneisses. Furthermore, it has proven very difficult to differentiate between 

basement gneisses and diapiric granitoids within greenstone belts, because the 

Archean terranes are highly tectonized and deformed. Contacts between lithological 

units are highly sheared and faulted, making it very difficult to differentiate initially 

conformable contacts from unconformable and faulted contacts. Several claims have, 

however, been made as to the existence of basement gneisses in the Zimbabwe 

Craton (e.g., Wilson et al., 1978; Coward and James, 1974; Coward et al., 1976). 
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Coward et al. (1976) argued on structural grounds that there is "indisputable 

evidence" which indicates the existence of basement gneisses in the Zimbabwe 

Craton. They pointed out that sedimentary rocks near Shabani, in Zimbabwe, were 

deposited unconformahly on a migmatite basement (Figure 2.3). They further argued 

that the gneisses on which these sedimentary rocks were deposited have a dominant 

NE-SW structural trend which is different from the dominant SW-NE structural trend 

developed within most of the greenstone belts. 

In Botswana, NNW-trending high grade gneisses cropping out west of 

Francistown have been described as basement gneisses (Key, 1976; Key et al., 1976; 

Key and Hutton, 1976; Tankard et al., 1982). These rocks constitute Key's (1976) 

Shashe Gneiss Formation and also form Crockett's (1968) Shashe Mobile Belt, 

suggested to be an offshoot of the Limpopo Belt. The tectonic affinity of the Shashc 

Gneiss Formation in Botswana is, however, uncertain and only serves to underscore 

the difficulties in distinguishing basement gneisses from other types of granitoids. It 

has proven extremely difficult to recognise indisputable basement to Archean 

supracrustal rocks within the Zimbabwe Craton. 

2.2.2 Greenstone Belts of the Archean Zimbabwe Craton 

The supracrustal stratigraphies within Archean greenstone belts throughout the 

world, including those in the Zimbabwe Craton, are similar from belt to belt and as 

such the belts can be described by the same stratigraphic and/or tectonic model 

(Anhaeusser, 1973; Windley, 1973; Tarney et al., 1976; Jahn and Sun, 1979; Goodwin, 
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1981; Sun, 1984). The classic stratigraphic models for Archean greenstone belts were 

based on the stratigraphy of the Barberton Mountain Land Greenstone Belt of South 

Africa and Swaziland. The Barberton stratigraphy consists of two main units; a lower 

unit of volcano-plutonic rocks (Onverwacht Group) and overlying, younger, clastic 

sedimentary rocks (Fig Tree and Moodies groups). The Onverwacht Group is 

generally subdivided into two main subgroups, the lower Tjakstad and upper Geluk. 

The two subgroups are separated from each other by a thin persistent unit, the 

Middle Marker, which consists mainly of cherts and carbonate sediments. 

The Tjakstad Subgroup is comprised mainly of ultramafic-mafic volcano

plutonic rocks, especially in the lower Sandspruit and the topmost Komati Formations 

(Viljoen et al., 1983). The middle unit, the Theespruit Formation, consists mainly of 

siliceous sedimentary and volcanic rocks with minor intercalations of ultramafic-mafic 

rocks (Viljoen et al., 1983; de Wit, 1991). The upper Geluk Subgroup, consists of 

mainly basalts, andesites, and other intermediate and siliceous volcanic rocks with 

interrelated sedimentary rocks. The proportions of intermediate and siliceous volcanic 

rocks increase towards the top of the Geluk Subgroup. The main feature emphasized 

by the Barberton stratigraphic model is the cyclic nature of the Archean volcanism 

(Viljoen et al., 1983). Viljoen and Viljoen (1969) and Anhaeusser and Ryan (1979) 

extended the Barberton stratigraphic model to the greenstone belts of the Zimbabwe 

Craton. 

There are at least 24 greenstone belts (or greenstone belt enclaves; Litherland, 

1973) within the Zimbabwe Craton, including the Tati, Matsitama and Vumba 
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Greenstone Belts, which occur in northeastern Botswana (Figure 2.1). Supracrustal 

rocks within the greenstone belts of the Zim·~, ~ we Craton can be grouped into three 

main lithostratigraphic units (Stagman, 1978; Wilson et al., 1978). These are, from 

oldest to youngest; the Sebakwian, Bulawayan and Shamvaian Groups (sic). Although 

the lithostratigraphic term "group" is used for these rocks; they are in fact 

chronostratigraphic units. Their names are derived from the use of adjectival 

extensions (an and ian) in the geographic name component of the stratigraphic unit 

(ISSC, 1976). Although the distribution and nature of the Sebakwian Group is poorly 

known (Stagman, 1978; Wilson, 1979), it has been compared to and correlated with 

the Onverwacht Group, whereas the Bulawayan and Shamvaian Groups were 

considered to be post-Onverwacht (Viljoen and Viljoen, 1969). 

Later work, including the acquisition of geochronological data (mainly Rb/Sr) 

(Wilson, 1979; Orpen and Wilson, 1981), suggested that the Bulawayan Group 

contains two generations of volcano-sedimentary rocks. These were called the Lower 

and Upper Greenstones (Martin, 1978). The Lower Greenstones consist of mainly 

tholeiitic volcanic rocks with minor sedimentary rocks. The Upper Greenstones are 

made up of calc-alkaline volcanic rocks. 

Wilson (1979) suggested a three-fold subdivision for igneous rocks within the 

greenstone belt rocks of the Zimbabwe Craton, based on isotopic age. These 

subdivisions are: 3.5 Ga, 3.0-2.9 Ga, and 2.8-2.6 Ga (Figure 2.3) which crudely 

coincide with the previously defined Sebakwian, Lower and Upper Greenstones, 

respectively. The Lower and Upper Greenstones (collectively known as Bulawayan 
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Group) constitute the main volcanic rocks of the Zimbabwe Craton. 

2.2.2.1 Sebakwian Group 

The Sebakwian Group has been described as consisting of ultramafic-mafic 

volcano-plutonic rocks intercalated with banded iron formations that are both 

underlain and overlain by sedimentary units (Stagman, 1978; Wilson, 1979; Foster, 

1985). The base of the Sebakwian Group is defined by shallow water quartzites, 

sandstones and conglomerates which constitute the Mont d'Or Formation (Wilson, 

1979). These sedimentary rocks are overlain by a sequence of interlayered basaltic 

and komatiitic rocks with intercalated banded iron formations and ultramafic intrusive 

complexes (Wilson, 1979). Grits, conglomerates, banded iron formations, minor 

carbonates, and volcanic rocks of the Wanderer Formation occur towards the top of 

the group (Stagman, 1978; Wilson et al., 1978). These rocks are considered to 

underlie the Bulawayan Group with a marked unconformity, and in some instances 

they exhibit high grades of metamorphism and deformation. The 3.5 Ga Sebakwian 

Group rocks constitute a very minor component in the Archean greenstone 

stratigraphy of the Zimbabwe Craton, and are best developed in the vicinity of 

Selukwe, Mashaba and Fort Victoria (Figure 2.3). The Sebakwian Group has been 

correlated with the Onverwacht Group (e.g. Viljoen et al., 1983) despite the fact that 

it lacks the thick volcanic piles which are characteristic of some sections of the 

Onverwacht Group such as the Komati Formation. 
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2.2.2.2 Bulawayan Group 

The Bulawayan Group consists mainly of an association of ultramafic-mafic 

volcano-plutonic rocks and intermediate volcanic rocks together with feldspathic 

sedimentary ruck units (Stagman, 1978; Wilson, 1979). The Bulawayan Group 

greemtone belt rocks crop out over a much larger area within the Zimbabwe Craton 

than the Sebakwian Group rocks and have been divided into twCJ major lithotectonic 

units; 3.0-2.9 Ga nnd 2.8-2.6 Ga (Figure 2.3). The 3.0-2.9 Ga rocks are equivalent to 

the Lower Greenstones, whereas the 2.8-2.6 Ga are equivalent to the Upper 

Greenstones (Wilson, 1979). The Lower and Upper Greenstones are separated from 

ench other by the Manjeri Formation which consists of sedimentary rocks dominated 

by shallow water quartzites, greywackes, sulphide-facies banded iron formations, 

cherts and minor limestones. 

The 3.0-2.9 Ga Lower Greenstone supracrustal rocks in western successions 

were divided into two main lithostratigraphic units (Wilson, 1979; Haynes, 1982; 

Foster, 1985); (i) the lower Hokonui Formation and (ii) the upper Bend Formation. 

The Hokonui Formation consists mainly of andesites, felsic volcanic and pyroc1astic 

rocks with minor mafic pillow lavas and ultramafic flows towards the base (Wilson, 

1979; Haynes, 1982; Foster, 1985). A polymictic conglomerate overlies the whole 

succession. In the southeaste"rn part of the Selukwe Greenstone Belt, the 3.0-2.9 Ga 

volcano-sedimentary rocks constitute the Brooklands Formation which consists of 

lower quartzites, grits, and rare conglomerates, passing upwards into high-magnesian 

pillow basalts with intercalations of banded iron formations and phyllites (Wilson, 
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1979). 

The Bend Formation consists of cyclic sequences of pillow basalts, overlain by 

spinifex-textured high-magnesian basalts (komatiites) and ultramafic schists. 

Ultramafic-mafic volcanic rocks of the Bend Formation are commonly intercalated 

with both oxide and sulphide facies banded iron formations which form prominent 

ridges. An assemblage of banded iron formations and phyllites cap this unit (Stagman, 

1978; Wilson, 1979; Haynes, 1982). The whole succession is underlain by an 

amphibolite unit which is infolded with the 2.9 Ga Chengezi gneiss. 

Supracrustal rocks overlying the Manjeri Formation constitute the 2.8-2.6 Ga 

greenstone belt rocks of the Zimbabwe Craton. In areas around the Selukwe and 

Belingwe Greenstone Belts, the 2.8-2.6 Ga Upper Greenstones supracrustal rocks 

have been subdivided into the western and eastern successions (Wilson, 1979; Foster, 

1985) which consist of a succession of ultramafic and mafic tholeiitic pillow lavas, 

high-magnesian basaltic sills, and minor sedimentary rocks. The 2.8-2.6 Ga old 

supracrustal rocks have been subdivided into two main formations; the basal Reliance 

Formation and the upper Zeederbergs Formation (Martin, 1978; Stagman, 1978; 

Wilson, 1979). 

The Reliance Formation consists of spinifex-textured peridotite flows, tholeiitic 

pillow basalts and layered ultramafic intrusions. The Zeederbergs Formation consists 

of a thick pile of tholeiitic basaltic rocks, that pass upwards into a cyclic, bimodal 

volcanic rock association (Foster, 1985). The Zeederbergs Formation also contains, 

in some places, spinifex-textured basaltic and peridotitic flows alternating with felsic 
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and pyroclastic rocks (Stagman, 1978; Wilson,1979). The 2.8-2.6 Ga old greenstone 

belt volcanic rocks are capped by a shallow water clastic sedimentary rock unit, the 

Cheshire Formation, which contains local developments of banded iron formations 

and limestones. 

2.2.2.3 Shamvaian Group 

The youngest unit in the Zimbabwe Craton is the Shamvaian Group which 

consists mainly of sedimentary rocks with minor igneous rocks. Rocks of the 

Shamvaian Group have been descnbed as unconformably overlying the 2.8-2.6 Ga old 

greenstone belt sequence (Stagman, 1978; Wilson, 1979). Stagman (1978), however, 

points out that Shamvaian Group rocks are commonly infolded with the underlying, 

dominantly volcanic, rock units described above. Deformation has obliterated marker 

unconformities, making it difficult to distinguish between sedimentary rocks of the 

Shamvaian Group and those interlayered with the underlying volcanic rocks 

(Stagman, 1978). The Shamvaian Group contains a basal polymictic conglomerate 

with granite pebbles. This unit is overlain by poorly sorted arkosic and subgreywacke 

sedimentary rocks which were deposited in a shallow water environment. The 

Shamvaian Group, however, varies from place to place. In the southeast, near Fort 

Victoria, felsic volcanic rocks are part of the sequence, whereas elsewhere in the 

craton, the unit solely contains sedimentary rocks. These rocks are intruded by the 

2.6 Ga Chilimanzi and Sesombi granitoids. 
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2.2.3 Internal Granitoids 

Internal granitoids (cf. Martin et al., 1983) as described here, refer to 

granitoids intruded into the volcano-sedimentary sequences of greenstone belts. They 

are, therefore, similar to Hunter's (1974) diapiric granitoids. Anhaeusser (1 976) 

argued that two main types of granitoids can be recognised in the Archean Zimbabwe 

Craton. These are (i) Na-rich granitoids, consisting of tonalites and trondhjemites 

which occur mainly within mafic greenstone rocks (Hunter, 1991), and (ii) K-rich 

granitoids made up of granodiorites, adamellites and granites (Figure 2.4). The K-rich 

granitoids mainly intrude sialic crust, such as grey gneisses and other granitoids. K-

rich granitoids occur predominantly east of the Great Dyke (Figure 2.4), the area 

where supracrustal volcanic rocks are minor. Na-rich granitoids, on the other hand, 

are more common west of the Great Dyke where supracrustal volcanic rocks are also 

concentrated. 

Conversely, Wilson et al. (1978) subdivided granitoids of the Zimbabwe Craton 

·. on the basis of isotopic age, and suggested that the three periods of greenstone belt 

volcanism were each terminated by granitoid plutonism. The oldest granitoids in this 

subdivision are the 3.35 Ga Mount d'Or granitoid gneisses which consist mainly of 

tonalites and granodiorites. Th~ second group comprises 2.9 Ga granitoids which are 

characterise,d by the Mashaba and Chengezi-type tonalite gneisses. The 2.7 Ga 

Sesombi-type tonalites constitute the third group. The final group comprises the 2.6 

Ga Chilimanzi-type granitoid~,which consist of adameiJites and granites. It was further 

argued that the first three granitoid groups, the Mount d'Or, Mashaba-Chengezi, and 
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Sesombi types, are characterized by low initial strontium (87Srf6Sr) ratios, whereas, 

initial strontium ratios of the Chilimanzi type granitoids are comparatively high 

(Wilson, 1979). 

2.2.4 Geotectonic Setting of Archean Greenstone Belts 

Research on Archean greenstone belts in the last ten years has shown that 

these belts are made up of accreted terranes from variable tectonic settings (De Wit, 

1991; Hunter, 1991; Barley and Groves, 1990; Kusky, 1990; Thurston and Chivers, 

1990). The recognition of these terranes is based on lithological associations 

(Thurston and Chivers, 1990; Barley and Groves, 1990) and the recognition of major 

lineaments (e.g. linear magnetic anomalies) that separate lithotectonic units. For 

example, the Keith-Kilkenny tectonic zone in the Norseman-Wiluna Greenstone Belt 

of the Yilgarn Craton in western Australian separates a komatiite-tholeiite sequence 

from the calc-alkaline volcano-plutonic and feldspathic sedimentary rock sequences 

(Barley and Groves, 1990). In the Slave Province of the Canadian Shield, major 

tectonic zones separate dissimilar terranes from each other (Kusky, 1990). In the 

Barberton Mountain Land Greenstone Belt of South Africa and Swaziland, 

supracrustal rocks have been interpreted as consisting of an arc sequence (Theespruit 

Formation) and an ophiolite sequence (rest of Onverwacht Group) separated by 

internal shear/fault zones (De Wit, 1991). The second major development in 

research on Archean greenstone belts is recognition of the geochemical characteristics 

of the supracrustal rock sequences. Jahn et al. (1982) noted that there are three 
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geochemical groups of Archean komatiite rocks; Group I with flat heavy rare earth 

element (HREE) patterns and Gd/Yb ratios = 1.0, Group II with HREE-depleted 

patterns and Gd/Yb ratios of > 1.0, and Group III with HREE-enriched patterns and 

Gd/Yb ratios of < 1.0. Groups I and II komatiites are dominant in Archean 

greenstone belt sequences, but each is more important in a particular Archean period 

(Jahn et al., 1982). Group II were considered to have been prevalent in older 

greenstone belts(> 3.5 Ga; e.g. Barberton) whereas Group I are more important in 

younger greenstone belts (= 2.7 Ga; e.g. Upper Greenstones of Zimbabwe; 

greenstones of the Yilgarn Craton, western Australia and most greenstone belts of 

the Superior Province, Canada). Cattell and Arndt (1987) and Cattell and Taylor 

(1990) suggested that the two komatiite types can occur in any one greenstone belt, 

even though their geochemical evidence is not conclusive. 

Based on field and geochemical characteristics, Viljoen et al. (1983) suggested 

that the tectonic settings of the two groups of Archean komatiites may not have been 

different. By comparing the 2.7 Ga Pyke's Hill flow of Munro Township, Ontario, and 

the 3.5 Ga Richard's flow of Komati Formation, Barberton, South Africa, they 

showed that lithologically, individual komatiitic flows of both age groups are similar. 

Even though major lineaments have been described and were shown to 

transect the Zimbabwe Craton (Stowe, 1980; Wilson, 1990; Treloar et al., 1992)! their 

relationships to greenstone belt stratigraphy.have not been recognised due to the lack 

of a wide geophysical data base. In Botswana, however, where the geophysical 

coverage is much more substantial, there is much better control on the relationships 
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between stratigraphy and internal greenstone belt shear/fault zones. 

The geotectonic settings of greenstone belts in the Zimbabwe Craton have not 

been defined based on these formulations for greenstone belts elsewhere. The older 

Sebakwian Group, which consists of arenaceous basal sediments over1!1in . ~y 

komatiite-tholeiitic volcano-plutonic rocks, may approximate Thurston and Chivers' 

(1990) supracrustal platformal sequences. 

Although it cannot be directly demonstrated that the Upper and Lower 

Greenstones of the Bulawayan Group are separated by a major discontinuity, it is 

probable that the unconformity which separates these two units (Foster, 1985) is a 

deformed and disrupted tectonic break. Furthermore, the Brooklands Formation 

sedimentary rocks and equivalent intermediate to siliceous volcanic and minor 

basaltic rocks of the Hokonui Formation, all of which constitute the Lower 

Greenstones, have lithological associations similar to those of the arc-terrane 

Theespruit Formation of the Onverwacht Group as defined by De wit (1991). While 

the Reliance-Zeederbergs Formations of the Upper Greenstones have been described 

as continental rift volcanics (Hawkesworth and O'Nions, 1977; Foster, 1985), Kusky 

and Kidd (1992) have suggested that the Reliance-Zeederbergs Formations constitute 

an assemblage analogous to Mesozoic ophiolites and oceanic plateaus, and as such 

the rocks may be comparable to De wit's . (1991) oceanic volcanic rocks of the 

Onverwacht Group. 
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2.2.5 The Great Dyke 

The Great Dyke, with an age of approximately 2.5 Ga, has until recently been 

regarded as the last major Archean igneous event in the Zimbabwe Craton (Stagman, 

1978; Wilson, 1979); 2500 Ma is regarded as the age which marks the end of the 

Archean era (Plumb and James, 1986). A re-evaluation of the age data by Wilson 

(1990) indicated that the Great Dyke's age may be 2416±16 Ma instead of 2500 Ma 

and therefore the Great Dyke was a Proterozoic igneous event. Nesbit (1982) had 

argued that the Great Dyke should be r~garded as a magmatic manifestation marking 

the transition from the Archean to the Proterozoic. 

The Great Dyke consists of a major layered ultramafic-mafic igneous body (the 

Great Dyke proper) and associated dykes with a NNE trend (Wilson, 1982). These 

dykes are controlled by the "Great Dyke Fracture System" (Stowe, 1980) that has a 

NNE trend. 

2.3 Limpopo Belt 

The Limpopo Belt is commonly described as a linear, highly deformed, and 

high metamorphic grade terrane separating the Kaapvaal Craton from the Zimbabwe 

Craton (e.g., Watkeys, 1983; McCourt and Veamcombe, 1987; Van Reenen et al., 

1987). A survey of the literature on the Limpopo Belt shows considerable 

disagreement as to what actually constitutes the Limpopo Belt (Mason, 1973; Coward 

et al.,1976; Key and Hutton, 1976; Kroner, 1977b; Ermanovics, 1977; Light, 1982; 

Tankard et al., 1982; Van Reenen et a1.,1987). The debates are most intense with 
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respect to the boundaries betWeen the Limpopo Belt and the surrounding cratons 

(McCourt and Vearncombe, 1987;1992; Tankard et al., 1982). Early models, 

summarised by Mason (1973), defined the Limpopo Belt as a parallel-sided 

metamorphic and structural terrane, divisible into three zones (Figure 2.5) viz.; the 

Central Zone (CZ), and two marginal zones, the Northern Marginal Zone (NMZ), 

and the Southern Marginal Zone (SMZ). The Central Zone was defined as being 

separated from the Northern Marginal Zone by the Tuli-Sabi dextral shear zone 

system; and from the Southern Marginal Zone by the sinistral Soutpansberg Fault 

Zone (Mason, 1973). In the most recent geological maps of Botswana, the boundary 

between the CZ and the SMZ has been renamed the Zoetfontein Fault System 

(Reeves, 1978). The Zoetfontein Fault forms part of McCourt and Vearncombe's 

(1987, 1992) Palata Shear Zone System which has been interpreted from 

aeromagnetic data to extend westwards into Botswana, where it is truncated by the 

Kalahari tectonic line. The term Soutpansberg Fault Zone, on the other hand, is 

confined to the graben boundaries of the 1.8 Ga Soutpansberg Group Basin in 

Eastern Transvaal (Reeves, 1978) which covers part of the SMZ. 

As more detailed information on the Limpopo Belt was derived, it was realised 

that the parallel-sided nature of the belt was more apparent than real (Treloar et a!., 

1992). Tankard et al. (1982) suggest that the NMZ should be defined as a granulite

facies metamorphic zone confined to southern Zimbabwe which tapers off 

southwestwards into Botswana. On the basis of this definition, the CZ in Botswana 

is believed to be in contact with the Zimbabwe Craton (Tankard et al., 1982). Key 



22"S ---

I I 

- - . 
1

1 
• Bulawayo 

1 

__,.• Fort 

\_ ) ZIMBABWE vJ.e \\ft'\\ ~ne~ .-/ 72ll!VIctoria 

! ·-- ~ w?roY.\tt\ --ft'&\\on ( I i \ ~ _r ~(JOIO' - / )/;.! 
en • ~nclstown j I!- -- ~ - - - ===~- --- - - -- -· 

' N~Z. __ /--- .------- z.0ne 

) )/-/---1.!:::::==~= ==-=~u\\.s~\ sne&f 
--- - --=- - ---: : ::::::::::: : :::-\~. Cl Beit Bridge / / -!-

Baines ,~--1-------·--.. ~~ ,.~/ 
BOTSWANA Drift ,~"'- ii·---.----- / 

~-/ Messina ----"/ 

,..---- ----------------------\ ,/ rg f&u\\J~t)~_-::::::~-------) / \ 

• M~<:::::~~::-j)/1 !__ _j lit\ 
_-.-.-.-.-:.·:;::1·~·:/.-.};--;lt I ;~ t~i\0 sui>""'._ \ 

/ ) / ~ ---- • Pietersburg .-·-·\ 

J 
__..,...... ~on ......-- ' 

-- oe\ottt'B .,- \ --
I • .-4 sneat _..... N '\ 

/ 'If\\\ u• ......---r 
/ ·-a\eU 1 , 

_// ~proY.t•~ .---

___. 0 11km 
_....- · __.J- SOUTH AFRICA 

I I 

Figure 2.5: Map of the Limpopo Belt and its three consituent structurabnes 

as defined by Mason (1973). NMZ, SMZ, and CZ, are the Northern Marginal Zone, 
Southern Marginal Zone, and Central Zone, respectively. 

36 



37 

and Hutton (1976) suggested that the Monatshane Formation supracrustal rocks and 

Shashe gneisses which occur between the Tuli-Sabi shear zone and the Tati 

Greenstone Belt, form part of the basement to the greenstone belts. 

Ermanovics (1977) provided an alternative definition of the Limpopo Belt as 

11a structural province with polyphase folding that occurs as an east-west zone, 

approximately 100 kilometres wide and 400 kilometres long." He suggested that the 

marginal zones are remobilized equivalents of the cratons and that they should not, 

therefore, be included as part of the Limpopo Belt. 

Ermanovics' (1977) definition is supported by some geochronological data 

which suggest that the CZ contains some of the oldest rocks in the Southern Africa 

subcontinent (::::3.8 Ga Sand River Gn~isses; Barton, 1981). In accommodating the 

geochronological data, Barton (1981) defined the CZ as "a graben or aulacogen in 

a protocraton" with the remnants of the protocraton are preserved as the Sand River 

Gneiss. The marginal zones in this case were said to have formed by the clockwise 

rotation ofthe Zimbabwe Craton (ZC) relative to the Kaapvaal Craton (KC), leading 

to the thrusting of a portion of the CZ over the ZC, and the KC over the CZ. 

Defined on the basis of Ermanovics (1977) and Barton (1981), the central zone of 

the Limpopo Belt, therefore, constitutes the Limpopo Belt (LB) proper and as such 

is a protocraton that is stratigraphically and structurally distinct from the surrounding 

Zimbabwe and Kaapvaal Cratons. The marginal zones would have formed through 

the interaction of the Limpopo Belt with the surrounding cratons. 

The most comprehensive definition of the Limpopo Belt was that provided 
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by Watkeys (1983) who suggested that the belt can be subdivided, on both structural 

and stratigraphic grounds, into several subzones or domains (Figure 2.6). According 

to this definition, the CZ is characterized by north-trending structures, whereas the 

marginal zones consist of ENE-trending structures. These subzones were described 

as having internally consistent strat)~aphies different from those of adjacent 

subzones. The structures within each subzone would also be characteristic of the 

particular zone. As such, the tectonic subzones of the Limpopo Belt consist of 

tectonostratigraphic terranes separated from each other by faults/shear zones 

(Watkeys, 1983). The metamorphism is consistently high grade, whereas structures 

are generally oblique to those in the adjoining cratons. The cratons are made up 

mainly of low grade metamorphic rocks. Defined this way, the Limpopo Belt consists 

of both the Central Zone and the two marginal zones. 

Barton's (1981) age for of the Sand River Gneisses has, however, recently 

been questioned·by some researchers (e.g. McCourt and Vearncombe, 1992; Harris 

et al., 1987). These workers suggest, on the basis of U/Pb and Sm/Nd isotopic ages, 

that the Sand River Gneisses are ca. 3.2 Ga. 

2.3.1 Northern Marginal Zone or the Limpopo Belt 
.--_1 

The boundary between the Central Zone (CZ) and the Nort~ern Marginal 

Zone (NMZ) of the Limpopo Belt is the Triangle-Tuli-Sahi Shear Zone (Mason, 

1973; Key and Hutton, 1976; Tankard et al., 1982; Watkeys, 1983). Although there 

are some similarities in structures within the area north of the Tuli Sabi Shear Zone 
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(NMZ) and those further north in the Zimbabwe Craton, Coward et al. (1976) 

suggested that the northern limit of granulite facies metamorphism defines the 

boundary between the craton and NMZ. This granulite metamorphism was supposed 

to have resulted from the reworking of Zimbabwe Craton greenstone belt rocks. Key 

and Hutton (1976), on the other hand, suggested that the area between Shashe and 

the Tuli-Sabi Shear Zone (NMZ) shares a common structural history with the CZ 

south of the shear zone. They also suggested, however, that the rocks within this area, 

comprising the Monatshane and Shashe Gneiss Formations, are different from the 

main lithologies in the CZ, the Beitbridge sequence, and those in the Tati Greenstone 

Belt. Rocks of the Shashe Gneiss and Monatshane terranes were interpreted as being 

older than rocks of the Tati Greenstone Belt (Key and Hutton, 1976). 

Shashe Gneiss and Monatshane terranes consist of a series of layered gneisses 

and migmatites, metaquartzites, marbles, porphyroblastic gneisses, mafic gneisses and 

amphibolites. Graphitic schists, biotite schists, calc-silicates and banded iron 

formations are also present, and marbles and banded iron formations are locally 

associated with layered amphibolites (Key, 1976). These rocks were metamorphosed 

from amphibolite to granulite metamorphic facies. 

The contact between these gneissic terranes and the Tati Greenstone Belt is 

defined by a linear zone of porphyritic granites. This contact is also a region of high 

strain and high grade metamorphism. The metamorphism and deformation in this 

contact increases from the cratonic area of the Tati Greenstone Belt southwards to 

the Tuli Sabi Shear Zone (Key, 1976). This change is marked by an increase in the 
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occurrence of migmatites; it was, therefore, defined as a "migmatite front" (Key, 

1976). 

The contact between the Monatshane terrane and the CZ consists of a major 

NE trending ductile dextral shear zone and the Lethakane Fault Zone. The shear 

zone deviates from the Lethakane Fault Zone in Botswana and widens to several 

kilometres eastward into Zimbabwe, where it is also called the Triangle shear zone. 

The Lethakane Fault Zone was interpreted as marking the southern limit of 

cataclastic deformation (Key, 1976). 

Tankard et al. (1982) defined the NMZ as a wedge-shaped terrane in 

southeastern Zimbabwe which tapers out westwards before reaching Botswana. This 

model was based on the perceived difference in structural timing between the Shashe 

area in Botswana and the NMZ in southeastern Zimbabwe. The structures in 

Botswana were regarded as having formed from a later shear deformation than those 

in southeastern Zimbabwe (Tankard et al., 1982). There is very little information on 

the two zones of NMZ (Terranes I and II; Figure 2.6) delineated by Watkeys (1983) 

in southeastern Zimbabwe. It has been argued by several workers (e.g., Robertson, 

1977; Coward et al., 1976; Tankard et al.,1982) that rocks of this area, although 

metamorphosed to granulite facies, are equivalent to the cratonic supracrustal rocks. 

They have, therefore, been interpreted as reworked Zimbabwe Craton greenstone 

belt rocks (Coward et al., 1976). 
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2.4 Relationship between the Zimbabwe Craton and Limpopo Belt 

The approximate upper age limit on the Limpopo deformation has been 

suggested to be 2700 Ma (Van Reenen et al., 1987). Kroner (1977a), however, points 

out that the 2.7 Ga tectonothermal event may not have been confined to the 

Limpopo Belt and its environs. This deformational episode may have been a much 

more widespread crustal forming event affecting most of the African continent. 

Kroner named this event the Limpopo-Liberian tectogenetic cycle and suggested that 

it was accompanied by extensive and widespread granite intrusion in shield areas. 

Much of the deformation within the Central Zone of the Limpopo Be It i~ -~uggested 

to have been pre-2.7 Ga (Barton, 1981). Barton also suggested that the 2700 Ma 

deformation event was accompanied by extensive granitic magmatism. 

Early models for the evolution of the Limpopo Belt suggested that the belt 

formed from the reworking of the surrounding Zimbabwe and Ka~;vaal cn~tons (e.g. 

Mason, 1973; Kroner, 1977b). The two cratons are not, however, stratigraphic mirror 

images of each other. The Zimbabwe Craton consists mainly of volcanic supracrustal 

rocks (Wilson, 1979; Wi!son et al., 1978) of two age generations (3.0-2.9 and 2.8-2.6 

Ga), and each generation defines a different tectonostratigraphic terrane. The 
.. . , 

Kaapvaal Craton, on the other hand, consists mainly of 3.5 Ga supracrustal volcanic 

ro~~ .. (De Wit, 1991; Hunter, 1991). The 3.1-2.4 Ga interval in the Kaapvaal Craton 

is dominated by the formation of large sedimentary basins such as the Pongola, 
... 

Witwatersrand, Ventersdorp and Transvaal. 

The other element ill"' this complicated tectonic jigsaw puzzle is the presence 
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of kimberiltes with Arch.::';;n eclogitic xenoliths (Kinny et al., 1989; Kirkley et al., 

\ 1992) in the Kaapvaal Craton. This observation prompted Helmstaedt and Schulze 

(1989) to suggest that part of the Limpopo Belt evolutionary history included 

subduction of the so-called "Limpopo Oceanic Basin" southward under the Kaapvaal 

Craton. Such a supposition was based on Light's (1982) advocation of a north to 

south collision process between the Zimbabwe and Kaapvaal Cratons. Helmstaedt 

and Schulze (1989) suggested that the eclogitic xenoliths indicate the presence of 

Archean subcontinental mantle beneath the Kaapvaal Craton. There are no reportt'!d 

ecolgite xenoliths in kimberlites from the Zimbabwe Craton. 

Although early definitions of the Limpopo Belt suggested that it consisted of 

parallel-sided linear belts (e.g. Mason, 1973), subsequent studies have clearly shown 

that the Limpopo Belt and its marginal zones ca.n be subdivided into different 

domains with internally consistent structures and stratigraphies (Figure 2.6). Tbese 

domains are separated from each other by shear/fault zones (Watkeys, 1983; 

Ermanovics, 1977). 

In general, the CZ contains rocks older than those of the marginal zones, but 

the suggested boundaries between marginal zones and the surrounding cratons have 

been poorly defined. Most researchers believe that the boundary between the NMZ 

and the ZC is gradational and should be defined as the orthopyroxene isograd ·· 

confined to the southeastern Zimbabwe (Coward et al., 1976; Tankard et al., 1982). 

According to Ridley (1992), the orthopyroxene isograd is defined by charnockites that 

are stratigraphically equivalent to highly deformed, porphyritic (or megacrystic 
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feldspar) granites that form the southern margin of the Tati Greenstone Belt. The 

increase in metamorphism and deformation from the Tati Greenstone Belt to the 

NMZ (Key, 1976) suggests tll"t the boundary between the ZC and NMZ as defined 

\ 
by these granitoid intrusions may be a major discontinuity. The NMZ, itself can also 

be subdivided into subzones which are also stratigraphically and structurally different 

from each other (Figure 2.6). 

Therefore, in this study, it is suggested that the Limpopo Belt be defined as 

·consisting of tectonostratigraphic terranes which were probably accreted together 

along shear/fault zones. The Central Zone consists of two distinct subzones with 

distinct stratigraphies. These are herein termed the Mmadinare Subzone (terrane III; 

Figure 2.6) and the Bietbridge-Messina Subzone (terrane IV; Figure 2.6) which 

includes the area covered by the Mesozoic Tuli Karoo Basin rocks. The Mmadinare 

Subzone consists mainly of granitoid gneisses which are grouped under the Bains 

Drift Formation (Ermanovics, 1974) and are lateral equivalents of the Sand River 

gneisses of South Africa. In contrast, the Bietbridge-Messina Subzone contains 

metasedimentary rocks described in early Limpopo Belt models as constituting cover 

to the Sand River Gneisses. These two terranes are separated from each other by 

shear/fault zones (Figure 2.6). 

The Central Zone microcontinent is separated from the Northern Marginal 

Zone by the major dextral Tuli-Sabi-Triangle shear zone, and from the Southern 

Marginal Zone by a linear trough filled with the late Proterozoic red beds of the 

Soutpansburg-Palapye Group. The southwestern margin of this trough is defined by 
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the Sunnyside shear zone. Ermanovics (1977) defined two subzones in the Southern 

Marginal Zone of Botswana; the Machaneng subzone and the Mahalapye Plutonic 

Block, separated from each other and from the Central Zone by shear zones. These 

Southern Marginal Zones are characterised by distinct structures and stratigraphies. 

The Machaneng Subzone is characterised by granulite facies paragneisses and 

contains a east-west structure that is truncated in the north by northwest-trending 

Sunnyside shear zone which separates it from the Moeng Subzone. The Mahalapye 

Plutonic Block, on the other hand, consists of massive migmatites and plutonism 

(Ermanovics, 1977) separated from the Central Zone by the linear trough filled with 

late-Proterozoic Soutpansburg-Palapye Group sedimentary rocks. 

The Northern Marginal Zone (NMZ) also consists of distinct terranes accreted 

along shear/fault zones. The boundary between the NMZ and the Zimbabwe Craton, 

as already pointed out, is defined by a zone of charnockite-porphyritic granites. In 

this respect, this boundary is a major discontinuity, although the deformation which 

accompanied cratonic suturing and the Limpopo Belt tapers well into the craton. 

In Botswana, the NMZ area southeast of the Tati Greenstone Belt was 

covered by greywackes and argillites which are now metamorphosed to at least 

amphibolite facies. Structures in this area generally trend NE-SW to E-W. Further 

southwest, granitoid gneisses of the Shashe Gneiss Formation predominate and are 

characterised by N-S to NNW-SSE structural trend. 

The Umpopo Belt displays structural characteristics analogous to the Churchill 

Province of the Canadian Shield. The Churchill Province (Hoffman,\ 1988) is a 
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Proterozoic mobile belt which contains a central zone consisting of two accreted 

Archean cratons, the Hearne and Nain. The central zone of the Churchill Province 

is surrounded by the New Quebec Orogen to the west and the Torngat Orogen to the 

east. These two orogens formed when the central zones accreted to the Superior 

Province shield craton. These two orogens are themselves made up of accreted 

terranes. The structural characteristics of the Limpopo Belt and Churchill Province 

are strikingly similar and they may have formed under similar tectonic regimes. 

·=::.:.:::::··..:.:. 
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CHAPTER THREE 

3. GEOLOGY OF THE TATI GREENSTONE BELT 

3.1 The State of Geological Knowledge on the Tati Greenstone Belt 

The Tati Greenstone Belt is approximately 30 km wide and 60 km long. It 

extends from Francistown in the west, to the border village of Matsiloje in the east 

(Figure 1.2 and 1.3) and is bounded to the north and south by granitoids. Further to 

the south, the granite-greenstone rocks of Tati Greenstone Belt are bounded by high 

grade metamorphic rocks of the Northern Marginal Zone of the Limpopo Belt 

(Figure 1.2). The Tati Greenstone Belt is a typical Archean greenstone belt consisting 

mainly of polydeformed volcano-sedimentary rocks intruded, especially at the 

margins, by syn-tectonic and post-tectonic granitoids. The rocks are of low 

metamorphic grade (greenschist facies), although pockets of higher grade 

metamorphism (lower amphibolite facies) are present in high strain areas, especiaJJy 

in the highly sheared/faulted contacts with granitoids. Primary igneous structures 

including pillows, vesicles, brecciated volcanic tops, and sedimentary structures such 

as bedding, graded bedding, and cross bedding are commonly preserved. 

The first comprehensive interpretation of the structure and stratigraphy of the 

Tati Greenstone Belt was carried out between 1963 and 1968 by Mason (1970). 

During this work, Mason (1970) produced an unpublished geological map (Figure 3.1) 

in which he subdivided supracrustal rocks of the Tati Greenstone Belt into six 

formations. From oldest to youngest these are the Old Tati, Matsiloje 
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Metasedimentaty, Lady Mary, Penhalonga (sic), Selkirk and Last Hope formations. 

Lithologies present within these lithostratigraphic units are as shown on the map 

Figure 3.1 (in pocket). 

Mason (1970) interpreted the Tati Greenstone Belt to be a synform with 

major granitoids intruded at the core of the structure. Mason (1970) recognised NNE

SSW trending faults around the Selkirk-Phoenix massive sulphide prospects as the 

only major lineaments (or fault/shear zones) present within the Tati Greenstone Belt. 

The significance of these lineaments and their relationships to the stratigraphy and 

tectonic evolution of the belt were not discussed. In addition, although granitoids 

within the Tati Greenstone Belt were recognised to have petrographical 

characteristics similar to granitoids in Archean greenstone belts elsewhere (i.e. 

consisting of tonalite-granodiorite-trondhjemite-adamellite/granite suites), their 

relationships to the overall stratigraphy of the belt and tectonic significance were not 

fully investigated. 

Mason's (1970) area was re-mapped by Key between 1973 and 1974leading 

to the production of the Botswana Geological Survey District Memoir Number 3 

(Key, 1976); Figure 3.2 is the geological map of the Tati Greenstone Belt produced 

from this work. Apart from a reduction in the number of lithostratigraphic units from 

Mason's (1970) six formations to three main formations, Key's (1976) work did not 

differ very much from that of Mason. Key (op cit.) derived three lithostratigraphic 

units: (i) combining Mason's Old Tati, Lady Mary and Matsiloje Metasedimentary 

Formations into one formation, the Lady Mary Formation; (ii) by combining Mason's 
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Penhalonga and last Hope Formations into the Penhalonga Mixed Formation; and 

(iii) leaving the Selkirk Formation as proposed by Mason (1970). The Selkirk Igneous 

Complex was considered by both Mason (1970) and Key (1976) to be a synvolcanic 

plutonic complex. Key (1976) classified granitoids of the Tati Greenstone Belt into 

chronologically distinct units G 1 to G4 (Figure 3.2); G3 granitoids were considered 

to have formed from anatexis of metasedimentary rocks. Although Key ( op cit.) fully 

described major fabric orientations and relationships, very few lineaments/faults were 

recognised (Figure 3.2). 

Johnston and Griffiths (1982) and Sheeran (1986) mapped portions of the belt 

during mineral exploration programs. These mapping programs used Mason's (1970) 

stratigraphic interpretations, instead of Key's (1976), with some slight differences. 

Johnston and Griffiths (1982) suggested that the Selkirk Igneous Complex was a 

younger intrusive complex whose stratigraphic position was equivalent to that of the 

Last Hope Formation, the youngest sedimentary unit in the belt. Sheeran (1986) 

agreed with Johnston and Griffiths (1982) about the stratigraphic position of the 

Selkirk Igneous Complex, but, considered Mason's (1970) Matsiloje Metasedimentary 

Formation to be equivalent to the top of the Penhalonga (sic) Formation. These 

two studies concentrated only on lithological relations and did not recognize any more 

lineaments/faults than those recognised by Mason (1970). The re-adoption of Mason's 

(1970) stratigraphic nomenclature by Johnston and Griffiths (1982) and Sheeran 

(1986), along with the existence of Key's (1976) map as the only published map of 

the Tati Greenstone Belt with a different stratigraphic nomenclature from that of 
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Mason (1970), meant that two different stratigraphic nomenclatures were in use. 

Generally in all these studies, supracrustal rocks of the Tati Greenstone Belt were 

interpreted as ranging from a basal mafic-ultramafic unit (Old Tati-Lady Mary 

Formations of Mason (1970) or Lady Mary Formation of Key (1976)), to 

intermediate volcano-plutonic rock sequences (Penhalonga and Selkirk Formations, 

Key, 1976; Mason, 1970), and a feldspathic sedimentary unit (Last Hope Formation, 

Mason (1970)). 

Structural interpretations in the Tati Greenstone Belt are even more 

problematic. The first comprehensive structural interpretation of the belt was carried 

out by Morel (1968) who suggested that all structures were the products of a single 

major deformational event; an Alpine-type nappe tectonism. Morel also noted that 

the boundary between the Tati Greenstone Belt and the Northern Marginal Zone of 

the Limpopo Belt was a major discontinuity which had been disrupted by granitoid 

intrusions. He concluded that this boundary was not gradational as previously 

interpreted, but was a sharp major discontinuity. 

Anhaeusser and Ryan (1979) examined the extension of the Tati Greenstone 

Belt into Zimbabwe and commented on the relationship of granitoids to the structure 

of the belt. Their work indicated that the Tati Greenstone Belt has a synclinal form 

cored by granitoids and that structures were the products of vertical tectonism due 

to gravitational instabilities triggered by major granitoid plutonism. These granitoids 

were considered to underplate supracrustal rocks. 

Coward and James (1974) carried out strain measurements in parts of the Tati 
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and Matsitama Greenstone Belts, Botswana. Their structural interpretations are 

summarised on the geological map (Figure 3.3), most notable on this map are the 

regional shear/fault zones within the Tati Greenstone Belt. These incJude a major 

NW-trending shear zone that traverses the volcano-plutonic stratigraphy in the 

northwestern part of the belt, and NE-trending shear zones, some of which are 

similar to those defined by Mason (1970). 

Coward and James (1974) also recognised a major shear zone bounding the 

eastern part of the belt. These shear zones were suggested to have formed through 

"bil1iard balJ-type" tectonism that resulted from the interaction of competent 

granitoids with less competent supracrustal rocks. The relationship of these shear 

zones to the stratigraphy was, however, not discussed. The 1986 aeromagnetic survey 

of eastern Botswana indicated the presence of major regional lineaments within the 

Tati Greenstone Belt that had not been previously recognised. 

Both Key (1976) and Coward and James (1974) recognised three major 

deformation events within the Tati Greenstone Belt. The first deformational event 

(D1) produced the synformal structure of the belt, whereas the second deformation 

(Dz) was the main foliation-forming event which also produced regional isoclinal 

folds. The third deformation (D3) was described as a shearing event which resulted 

in the formation of major shear zones and minor upright folds (Key, 1976; Coward 

and James, 1974). Coward (1984) summarised the structural developments and 

suggested that deformation within the , Tati Greenstone Belt was related to 

deformations within the Limpopo Belt. 
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Geological work carried up to the time of this study on the Tati Greenstone 

Belt was based mainly on structural and lithological descriptions with only minimal 

geochemical and geochronological research. The previous state of the geological 

knowledge on the belt can be summarised as follows: 

1. Two separate stratigraphic nomenclatures were in use. 

2 Few lineaments and faults were recognised, and even in those that were, 

relationships to the stratigraphy and mineralization were not fully investigated. 

3. Structural models, except that of Morel (1968), interpreted the structural 

evolution of tbe belt to be related to the evolution of the Limpopo Belt, 

despite the fact that deformational events and related structures within the 

belt are similar to those in Archean greenstone belts elsewhere in the world. 

Such structures are also similar to those in other greenstone belts within the 

Zimbabwe Craton that are located both near and further inland from the 

Limpopo Belt. 

4. Although Foster (1985) noted the association of major gold deposits with 

banded iron formations (BIF) within the Zimbabwe Craton, the relationships 

of BIF to the whole supracrustal rock stratigraphy of the belt were hardly 

noticed. 

5. There were virtually no geochemical data for rocks within the belt, except 

for a few major element analysis from isolated areas. 

6. The role of plutonic rocks, especially granitoids, in the evolution of the belt, 

including tbeir tectonic and stratigraphic significance, were unexplained. 
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7. The tectonic significance of komatiite-tholeiite sequences and calc-alkaline-

feldspathic sedimentary lithological associations were also not discussed. 

8. The relationship of mineralization to the stratigraphy, regional structure and 

tectonic evolution of the belt was not considered, let alone understood. 

3.2 Stratignlpby of the Tati Greenstone Belt 

Fault/shear zones subdivide the Tati Greenstone Belt into three zones (Figure 

3.4); the Western Zone (area west, southeast of, and near Francistown), the 

Southeastern Zone (Old Tati Area), and the Eastern Zone (Matsiloje area). The Old 

Tati area occurs at the southeastern edge of the belt, which is where the two main 

structural trends of the Tati Greenstone Belt intersect; the NW trend of the Western 

Zone and NNE trend of the Eastern Zone. Although the structure of the Old Tati 

area is complex compared to the Western Zone due to its location near the Northern 

Marginal Zone of the Limpopo Belt, the ultramafic-mafic volcano-plutonic rocks in 

this area are generally continuous with those of the Western Zone. They form the 

base of a major ultramafic-mafic unit stretching just west of Francistown, 

southeastwards to the Old Tati area. 

The Western Zone (Figure 3.5- in pocket) forms the major part of the Tati 

Greenstone Belt and contains the greatest development of volcano-plutonic rocks in 

the Tati Greenstone Belt. This zone, therefore, constitutes the type area for 

stratigraphic units descnbed in this work. The combination of aeromagnetic data, 

photogeo!ogical and satellite imagery interpretations indicate the presence of a major 
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Figure 3.4: Geological map of the·Tati Greenstone Belt showing the Western, Southeastern 
and Eastern Zones of the belt. 
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lineament, the MFL or Matsiloje-Francistown Lineament, that s~parates the Western 

Zone of the Tati Greenstone Belt into two main terranes (Figure 3.6). The southern 

terrane consists of the main volcano-sedimentary rockS of the Tati Greenstone Belt, 

and the northern terrane is made up of granitoid plutons and fragments of 

paragneisses within the granitoid intrusions. The second major obseiVation is the 

recognition of major shear/fault zones within the volcano-plutonic sequences of the 

Western Zone of the belt (Figure 3.5). These shear zones are parallel to lithological 

boundaries within volcano-plutonic sequences and, therefore, subdivide the volcano

plutonic rocks of the Western Zone into fault-bounded rock sequences with distinct 

lithological associations. 

In their discussion on the relationship of fault-bound rock sequences to 

lithostratigraphy, Johnson and Rust (1988) suggested that the term 

"tectonostratigraphy" should only be used in the context of tectonostratigraphic 

terranes that are fault-bounded crustal blocks with distinct geological evolution, in 

terms of structure, stratigraphy and tectonism. They also suggested that these 

tectonostratigraphic terranes should be regarded as legitimate stratigraphic units with 

formalised nomenclature. Johnson and Rust (1988) further pointed out that "the 

special tectonic character of such units need not, however, preclude the recognition 

of various conventional lithostratigraphic units (formations, groups, etc.) within them". 

Each of the fault-bounded volcano-plutonic rock sequences within the Tati 

Greenstone Belt can be subdivided into distinct mappable lithostratigraphic units 

(formations), that can classified as groups in accordance with rules of the 
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International Subcommission on Stratigraphic Oassification (ISSC, 1976). Each fault-

bounded volcano-plutonic rock sequence of the Tati Greenstone Belt is equivalent 

to the lithostratigraphic unit "Group". In accordance with the same rules (ISSC, 1976), 

however, these groups cannot be classified into a single "Supergroup", as stratigraphic 

units bounded by regional unconformities cannot be unified into one lithostratigraphic 

unit (ISSC, 1976). 

The Eastern Zone of the Tati Greenstone Belt (Figure 3.4) consists mainly of 

prominent banded iron formations along the Matsiloje Ridge. Other lithologies along 

this ridge are similar to those that form the upper portions of the ultramafic-mafic 

unit in the Western Zone and, therefore, can be correlated. Although correlation is 

possible on lithological grounds, the western margin of the Eastern Zone is truncated 

by a major regional NNE-trending shear zone, the Matsiloje thrust zone (MT, on 

Figure 3.4). The eastern margin of the Eastern Zone has been obliterated by 

intrusion of the Matsiloje Batholith. 

Southwest of Matsiloje Ridge is the Last Hope Basin, a major sedimentary 

basin. The margins of this basin are defined, from the east to the north, by the 

prominent banded iron formation ridges underlying Signal Hill and Mapanipani 

Ridge, respectively. The southeastern margin is defined by a thrust fault of the Last 

Hope Fault Zone (LHFZ). Sedimentary rocks in the Last Hope Basin consist mainly 

of immature sandstones and greywackes with conglomeratic horizons, shales, grits and 

calcareous sediments. 

Stratigraphic relations described in this study are based on lithologies exposed 
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in the Western Zone of the Tati Greenstone Belt (Figure 3.5). Since ultramafic-mafic 

rocks of the Old Tati area are continuous with those of the Western Zone, these two 

zones are descnl>ed together. Rocks of the Tati Greenstone Belt, are subdivided into 

three fault-bound volcano-plutonic sequences, each with minor interflow sediments 

and an upper dominantly sedimentary unit. The volcano-plutonic sequences are 

separated from each other by thin sedimentary units consisting of banded iron 

formations, carbonates and minor clastic sediments. These volcano-plutonic 

sequences, as classified in the Western Zone type area, are, from south to north, the 

Lady Mary, Phenalonga and Selkirk groups. The younger sedimentary unit is 

classified as the Last Hope Group. 

3.2.1 Lady Mary Group 

The Lady Mary Group is the best exposed unit in the Tati Greenstone Belt 

and includes all ultramafic-mafic volcano-plutonic rocks in the Old Tati and Western 

Zones with a sedimentary cap. A sedimentary clastic wedge, consisting of sericitic 

schists, arkoses with minor conglomeratic interbeds, banded iron formations and 

cherts, defines the base of the Lady Mary Group, especially in the western part of the 

Old Tati area. Further east, relatively mature quartzite horizons become prominent. 

The sedimentary clastic wedge is overlain by a succession of mainly ultramafic-mafic 

volcano-plutonic rocks with minor interlayered sedimentary rocks that form a 

continuous unit, stretching from just west of Francistown southeastwards to the Old 

Tati Area. These volcano-plutonic rocks were previously classified as the Lady Mary 
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Formation (Key, 1976), or separated into two formations, the Old Tati and Lady 

Mary formations (Mason, 1970). Geochemical data (Chapter 5), especially of mafic 

lithologies from both the Old Tati and Western Zone, have shown that these rocks 

are remarkably similar. These geochemical similarities, when combined with field 

data, suggest that these rocks had a common origin and supports the grouping of 

these rocks into a single lithostratigraphic unit Stratigraphically overlying ultramafic

mafic volcano-plutonic rocks, especially in the Western Zone, is a thin discontinuous 

sedimentary rock unit consisting feldspathic clastic sediments, calcareous sediments 

and banded iron formations. The relatively well exposed nature and strong 

photogeological expression provide good control for mapping the geological 

distribution of this unit The Lady Mary Group can be further subdivided into three 

subunits which, from the base to top, are; the Old Tati, Map-Nora and Golden Eagle 

formations. 

3.2.1.1 Old Tati Formation 

Within the Old Tati area (Figure 3.7 - in pocket) are the best exposures of 

ultramafic rocks in the Tati Greenstone Belt, however, rocks in this area are 

comparatively more deformed than similar lithologies elsewhere in the belt. The 

higher degree of deformation, together with the effects of fragmentation due to 

faulting/shearing, have created some uncertainties as to the true stratigraphic position 

of the ultramafic rocks in the Old Tati area. They have been considered to be part 

of a different unit than the ultramafic-mafic rocks of the Western Zone (Mason, · 
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1970; Sheeran, 1986; Johnston and Griffiths, 1982). Key (1976), on the hand, 

suggested that these rocks form part ~f the same ultramafic-mafic sequence that 

occurs in the Francistown area. Field mapping, photogeological and satellite imagery 

interpretations, including geochemical studies carried out for this study, all suggest 

that the dominantly ultramafic volcano-plutonic rocks in the Old Tati area are part 

of a continuous komatiite-tholeiite sequence stretching from west of Francistown 

(Figure 3.8). The name "Old Tati Formation" is, therefore, re-introduced (after 

Mason, 1970) to classify the dominantly ultramafic-mafic volcano-plutonic rocks with 

a basal clastic sedimentary wedge; the type area being around Old Tati. 

The Old Tati Formation constitutes the base of the Lady Mary Group. A 

clastic wedge consisting of quartz-mica schists, quartzites, minor quartz-pebble 

conglomerates and gritty sandstone interbedded with banded iron formations and 

cherts, found only in the Old Tati area, constitutes the base of the Old Tati 

Formation. Pebbles in the conglomerate were derived mainly from granite-gneisses 

and consist of quartz and rock fragments. The clastic sediments are generally 

feldspathic as evidenced by a dominant pink colouration and . the banded iron 

formation is finely laminated, consisting of creamy-white cherty layers alternating with 

brown to black hematite/magnetite layers. 

In some locations, especially south of the Tati River, chert bands in banded 

iron formations are typically boudinaged with the long axes of boudins parallel to the 

main trend of the banded iron formation ridge (NW-SE). The banded iron formation 

in this area rests directly on pink granite gneiss that contains numerous quartz veins; 
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the veins also follow the main iron formations and are highly metamorphosed and 

have a metallic lustre due to the presence of granular specularite. 

Although exposures are very poor, a succession ofkomatiites, dark green high

Mg basalts with stubby pyroxene phenocrysts, talc schists, ultramafic and mafic schists, 

gabbroic sills, and serpentinites conformably overlie the basal clastic sedimentary 

wedge. The volcano-plutonic sequence of the Old Tati Formation is, however, poorly 

exposed an J, therefore, very difficult to classify. As a result there have been claims 

and counter claims made with respect to the presence of komatiites in the area (e.g. 

Sheeran, 1986). The problem bas been clarified somewhat by the results of a 

geochemical and mineralogical study of borehole core samples from the area (Mosigi, 

1991). This study indicated the presence of both peridotitic and basaltic komatiites 

and pointed out that komatiite-bearing ultramafic sequences in the Old Tati area are 

cyclic in character (Mosigi, 1991 ). A typical cycle consists of basal peridotite followed 

by komatiite and basaltic lavas. The stubby pyroxene-bearing, hlgh-Mg basalts form 

the tops of the cycles and are capped by bedded cherts and banded iron formations. 

Komatiites are poorly exposed and are relatively rare at the surface. A black, 

very fine-grained and finely layered and reddish-brown weathering rock that crops out 

in the area around the Blue Jacket Mine (A on Figure 3.8) has been shown, on the 

basis of geochemistry (Chapter 5), to be of komatiitic affinity. Elsewhere in the area, 

this rock is associated with other ultramafic schists and· thus, probably represents a 

chilled komatiitic lava. 

In the Francistown area, ultramafic rocks are not very common. A dark green, 
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fine to medium-grained ultramafic volcanic rock, however, occurs towards the base 

of a sequence of predominantly mafic rocks. In outcrop, the rock has a spotty 

appearance resulting from the presence of small mafic mineral clots made up of 

stubby pyroxene crystals in a relatively fine grained matrix. The rock crops out as thin 

sills interlayered with basaltic rocks. 

The top of the Old Tati Formation is defined by a purplish to reddish brown 

pillowed ferrous basaltic unit which is underlain by whitish-grey relatively fine-grained, 

pyroclastic sedimentary rocks. The pyroclastic rocks contain rounded boom-clasts of 

the ferrous basalt. 

Peridotites in these ultramafic-mafic sequences are commonly highly altered 

to a mineral assemblage of magnetite, carbonate, chlorite and talc. Komatiites, on the 

other hand, contain amphibolitized, spinifex pyroxene in a fine-grained matrix of 

chlorite, sericite and minor amphibole. 

3.2.1.2 Map-Nora Formation 

The name Map-Nora Formation, derived from the old gold mine workings of 

the Map and Nora Mines (now Shashe Mine, Figure 1.3), is used to define these 

dominantly mafic volcano-plutonic rocks of the Lady Mary Group. The rational is 

that the gold deposits at these old mines are hosted by basaltic rocks belonging to this 

formation. The main outcrop areas are around the Shashe Mine (Map-Nora), near 

the Lady Mary Mine along the Tati River, and at the Sekukwe bridge along the 

Francistown-Matsiloje road. Pillow basalts, amygdaloidal basalts, gabbroic sills and 
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basaltic lavas with interflow sedimentary rock units constitute the Map-Nora 

Formation. On aerial photographs, the Map-Nora Formation has strong linear 

features resulting from the interlayering of basalts and gabbroic sills and dykes. 

The best exposures occur in a belt which extends for about 30 km from the 

west of Francistown to the Old Tati area (Western Zone; Figure 3.5). South of the 

Mphoeng area, and north of Matsiloje Ridge (B on Figure 3.8), a thin linear belt of 

mafic rocks with the same characteristics as those in the Western Zone crops out. 

East of Matsiloje Ridge, basalts and interlayered gabbroic sills similar to those in the 

Western Zone also occur. 

The base of the Map-Nora Formation is defined by the dark-green pyroxene

bearing ultramafic schist that is interlayered with komatiitic lavas, other ultramafic 

lavas and plutonic rocks. The basal unit is overlain by interlayered pillow basalts and 

gabbroic sills. Pillow basalts become more amygdaloidal towards the top of the 

formation. 

The top of this formation, especially in the Western Zone, consists of 

discontinuous serpentinite bodies and ultramafic actinolite-tremolite-chlorite schist. 

Near the abandoned Golden Eagle mine (C on Figure 3.8), the ultramafic actinolite

chlorite schists crop out as prominent linear ridges towards the top of the volcano

plutonic sequence immediately below the sedimentary cover. These schists consist of 

felted masses of randomly oriented tremolite-actinolite crystals, together with chlorite 

± clinozoisite ± epidote. 

Two types of mafic rocks can be recognized, a dark green very fine-grained 
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variety, and a relatively massive feldspathic gabbro. These two units are generally 

separated by interflow black pyritic shales, such as in the N9 reef at the Shashe Mine. 

The dark green basalts are recognizable lavas with brownish stained weathering 

surfaces and are most frequently interlayered with coarse gabbroic sills. Where fresh, 

the dark green, fine-grained basaltic rock contain subhedral crystals of hornblende 

and laths of actinolite ± tremolite. Where altered, the basaltic rocks are grey to pale

green chlorite schists con!' !sting of fibrous chlorite laths and acicular tremolite crystals 

in matrices of fine grained r.hlorite, magnetite, and hematite. Quartz and carbonate 

veinlets which parallel the main rock fabric are typical. 

The chlorite schists are more common in high strain areas (shear zones), with 

whitish-grey to bluish-grey talc-chlorite schist consisting of talc and chlorite ± 

prehnite, and highly altered minor plagioclase and tremolite. The fine-grained basalts 

generally occur as pillows and are locally amygdaloidal, especially in the area around 

the Dunham Mine (D on Figure 3.8). East of the Sekukwe River bridge (E on Figure 

3.8), the basalts interlayered with gabbroic sills are finely banded and are yellowish

green due to hydrothermal alteration. In an area south of Mphoeng, the mafic rocks 

are also intruded by numerous trondhjemitic dykes of various sizes. 

The gabbroic rock is black to dark-grey and ranges from fine to coarse

grained. The rock consists mainly of hornblende and acicular crystals of tremolite and 

plagioclase in a matrix of chlorite, epidote, sericitized plagioclase, and clinozoisite. 

Alternating layers of amphibole and plagioclase crystals impart a banded texture to 

this rock. 
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Interflow sedimentary rocks are minor anri are represented by garnetiferous 

siliceous rocks and banded iron formations found at contacts between the coarse

grained gabbroic sill-rocks and the fine-grained pillow basalts. Other occurrences of 

interflow sedimentary rocks have been noted in the area near the Southern Tati 

Pluton, where a greenish-grey (with yellowish tints), highly foliated, and steeply 

dipping fine-grained arkosic sedimentary rock crops out (F on Figure 3.8) at the 

contact between gabbroic sills and fine-grained pillow basalts. Ferruginous and 

manganiferous concretions give this rock a spotty surface appearance. 

Serpentinite bodies occur towards the top of the Map-Nora Formation near 

major boundary faults throughout the Western Zone of the Tati Greenstone Belt. 

They vary widely in size and form from area to area. West of the Airport Pluton (G 

on Figure 3.8), a bluish-grey, crudely layered serpentinite body crops out on a low

lying hillock. Just north of the Airport Pluton (H on Figure 3.8), a black to grey, very 

fine-grained rock crops out on comparatively hilly ground. The rock contains 

numerous carbonate veinlets, where these carbonate veins have been weathered out, 

only empty grooves remain, giving the rock a crudely banded appearance. 

Serpentinites also occur near contacts between supracrustal rocks and granitoids, 

together with other ultramafic rocks. 

3.2.1.3 Golden Eagle Formation 

Rocks of this unit host the ancient gold mine workings of the Golden Eagle 

Mine, hence, they are named the Golden Eagle Formation. Rocks of this formation 
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constitute the sedimentary cap to the volcano-plutonic rocks of the Lady Mary Group 

and consist of interbedded, laminated limestones, pink massive marbles, banded iron 

formations, greywackes and arkosic sandstones. These rocks crop out in a northerly 

facing, overturned anticlinal fold in the vicinity of the mine. A similar suite of 

sedimentary rocks crop out at Long Gossan (I on Figure 3.8), and further east at 

Mapanipani and Matsiloje Ridges (J and K on Figure 3.8). Banded iron formations 

of the Mapanipani Ridge and Long Gossan areas are b:i:"ownish r;::-dto black and 

gossaniferous, indicating that they are sulphide facies banded iron formations. In 

these two areas (Mapanipani and Long Gossan), the base ofthe succession is marked 

by greenish grey phyllites and minor clastic sediments. 

3.2.1.4 Matsiloje Formation 

The sedimentary package that constitutes the Matsiloje Ridge is qnite similar 

to that of the Golden Eagle Formation at the top of the Lady Mary Group in the 

Western Zone. This similarity suggests that rocks at Matsiloje Ridge may be 

correlated with the Golden Eagle Formation as originally suggested by Key (1976). 

Structural data (Chapter 4), however, indicate that these rocks are allochthonous. The 

Matsiloje rocks are, therefore, classified here as a separate lithostratigraphic unit 

because they are bounded by fault/shear zones which cannot at this stage be 

correlated with fault/shear zones that bound the Lady Mary Group in the Western 

Zone. The name Matsiloje Formation is re-introduced, following Mason's (1970) 

previous application, for banded iron formation-bearing metasedimentary rocks of 
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Matsiloje Ridge. Towards the base of Matsiloje Ridge, sedimentary rocks consist of 

greenish-grey phyllites and whitish-grey sandstones. Various types of banded iron 

formations follow directly above the phyllites. These banded iron formations consist 

of thin, alternating, dark-brown to red-hematite and creamy-white cherty bands. Pink 

to purplish-brown and yellowish-brown, sulphide-bearing banded iron formation 

varieties occur locally. Brecciated reddish-brown jaspelitic varieties also occur towards 

the top of the banded iron formation assemblage. Dull white, calcareous sediments 

(dolomites and limestones) constitute the top of the Matsiloje Formation. The north

south trend of the Matsiloje banded iron formation ridge is orthogonal to the 

northwest-southeast trend of the main part of the Tati Greenstone Belt. To the east 

of the Matsiloje Ridge, basalts occur that are similar to those of the Lady Mary 

Group in the Western Zone. The lithostratigraphy of the Lady Mary Group is 

summarized on Figure 3.9. 

3.2.2 Phenalonga Group 

The name Phenalonga is re-introduced after Mason (1970) and re-defined as 

a lithostratigraphic unit "Group" which includes all rocks that crop out in the area 

between the Long Gossan-Mapanipani (I and J on Figure 3.8) and Phenalonga (Lon 

Figure 3.8) banded iron formation-bearing linear ridges. These rocks are simiJar to 

those of the Golden Eagle Fonnation. Banded iron formation and associated 

sedimentary rocks that crop out along the Long Gossan-Mapanipani Ridges of the 

Golden Eagle Formation, Lady Mary Group, form the southern boundary of the 
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The. base of the Phenalo_Iiga Group is cjefined by a pale green agglomerate 

that consists of elongated and angular ~lasts of andesitic rocks in a fine-grained 

andesitic. mat..rix. This agglomerate crop(<;>ut about five hundred metres northwest of 

Mapanipani Ridge (M ori Figure 3.8). Reddish-brown weathering feldspathic shales 

are immediately above the agglomerates, but generally crop out at the base of a 

prominent linear ridge of aluminous schists that extends from Hillview Ridge (N on 

Figure 3.8) to the abandoned Halfway-kop kyanite mine (0 on Figure 3.8). This 

linear ridge consists oC.vhitish-grey to pink aluminous schists (Figure 3.10). Key 

(1976) subdivided the aluminous schist unit into three main lithotypes; chloritoid 

schists, kyanite schists and pyrophyllite schists. The most widely distributed aluminous 

schist rocks are reddish-brown pyrophyllite and chloritoid schists which consist mainly 

of chloritoid or pyrophyllite crystals in quartz, sericite and white mica matrices (Key, 

1976). 

The kyanite schists crop out mainly at the Halfway-kop Hi]] (0 on Figure 3.8) 

where the only kyanite mine in Botswana is located; kyanite was mined here in the 

early 1950's.The k:yanite schist contains bluish green radiating blades of kyanite 

crystals in a matrix of quartz and white mica; sericite with minor quartz, and locally 

with hematite also occur. Kyanite replaces pyrophyllite laths. 
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The volcano-plutonic rocks .of the Phenalonga Group consist of a succession 

of basalts, gabbroic sills, basaltic andesites, andesites, dacites, diorites and rhyolites. 

The most common rock type is greenish-grey, fine to medium-grained andesite. South 

of the Tati River a.·ound Francistown and along the river, andesites are interlayered 

with rhyolites. In the area north of Mapanipani Ridge, the andesitic rock contains 

quartz-filled vesicles. The andesite consists mainly of elongated hornblende and 

plagioclase crystals, which give the rock a characteristic banded appearance. Minor 

biotite and chlorite are locally present. lnterlayered rhyolite is fine-grained and crops 

out as massive units; locally the rock displays a parting lineation where muscovite 

and/or sericite are present. Elsewhere in the belt, dioritic and gabbroic sills and a 

greenish-grey fine-grained basaltic rock, similar to those found in the Lady Mary 

Group, are associated with the andesite. These sills occur in the Tati River near 

Menard's farm (P on Figure 3.8) and further southeast towards the Lady Mary Mine 

(Q on Figure 3.8). 

Although the spatial distribution of the PhenaJonga Group lithologies is well 
· (. 

constrained both stratigraphically and by major fault/shear zones that occur both at 

the base and top of the group, the rocks themselves are poorly exposed. The current 

state of knowledge on their distribution does not provide sufficient control for 

subdividing the group into constituent formations, except for the sedimentary 

assemblage, the Dinuku Formation, that caps the unit. 
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3.2.2.1 Dinuku Formation 

The top of the Phenalonga Group is marked by a sedimentary succession at 

Phenalonga HiJI (L on Figure 3.8) tha! consists mainly of dark-brown banded iron 

formations that are locally gossaniferous (i.e. sulphide-bearing). In addition to banded 

iron formations, laminated manganese-rich carbonaceous sedimentary rocks are also 

common, interbedded with brown pebble conglomerates. This entire sedimentary 

package is grouped under the Dinuku Formation. Lithologies of this formation are 

similar to those within the Golden Eagle Formation which separates the Lady Mary 

Group from the Phenalonga Group. These similarities have prompted some 

geologists (e.g. Jackson, 1981) to suggest that the two units may actually represent the 

limbs of a single synclinal structure. Stratigraphic and structural relations (Chapter 

4) indicate, however, that although these two units are lithologically similar, they are 

stratigraphically different. The lithostratigraphy of the Phenalonga Group is 

summarized on Figure 3.11. 

3.2.3 Selkirk Group 

The Selkirk Group encompasses all volcano-sedimentary rocks that over1ie the 

Dinuku Formation, Phenalonga Group (Figure 3.12). The top of the Dinuku 

Formation coincides with a tectonic discontinuity, the Phenalonga Fault Zone, that 

separates the Phenalonga Group volcano-sedimentary rocks from those of the Selkirk 

Group. It is difficult to develop a coherent picture from the outcrop distribution of 

this unit, as only fragments remain due to numerous plutonic intrusions. The base of 
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Figure 3.12: Simplified Geological map showing the distribution of the Selkirk Group and 
its relationship with the Selkirk Igneous Complex. 
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Selkirk Group rocks is defined by a black to greenish-grey biotite schist that crops out 

few kilometres north of Monarch Mine (R on Figure 3.8). Minor greenish-grey 

pebble conglomerates, which are generally interbedded with quartz-mica schists, 

follow the biotite schist, especially southeast of the Selkirk Mine and near the 

abandoned Vermaak gold mine (S on Figure 3.8). 

Johnston and Griffiths (1982) included these rocks and volcano-plutonic 

counterparts in their Phenalonga Formation. They suggested that the Selkirk 

Formation should only refer to the intrusive complex, which Key (1976) and Mason 

(1970) had regarded as a synvolcanic plutonic complex. Geological relations and 

structural interpretations (Chapter 4) indicate that these rocks are separated from the 

Phenalonga Group by a tectonic discontinuity, the Phenalonga Fault Zone, and 

hence, constitute a distinct fault-bounded unit. More detailed geological and 

structural investigations, including exploration drilling at the Selkirk Mine, confirm 

Johnston and Griffiths's (1982) interpretation that the plutonic complex, which occurs 

towards the top the dominantly siliceous volcano-plutonic rocks, is intrusive into the 

volcano-plutonic rocks. 

Rocks of this unit are dominated by a greenish grey feldspar-porphyry that 

occurs with dacitic and andesitic rocks around the Selkirk Massive Sulphide Mine. In 

a north-south section along the Sekukwe River (T on Figure 3.8), the unit is exposed 

as rafts of andesitic volcanic rocks within granodiorite and diorite intrusions. The 

Selkirk Group cannot at this stage be subdivided into constituent formations because 

of outcrop fragmentation resulting from the emplacement of the Selkirk Igneous 
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Complex and granitoid intrusions. Although poorly eJ..-posed, rocks of this group 

resemble those of the Phenalonga Group, in that they consist of basaltic andesites, 

andesites, dacites and rhyolites, with dioritic sills. No geochemical work has been 

carried out on these rocks. A summary of rock descripthms and distnbutions in the 

Selkirk Group is shown on Figure 3.13. 

3.2.4 Last Hope Group 

Perhaps one of the most intractable problems in understanding the geology 

of Tati Greenstone Belt is the stratigraphic position of the Last Hope Group 

sedimentary rocks. Mason (1970) suggested that these rocks were deposited in a 

discrete sedimentary basin south of the Mapanipani Ridge banded iron formation. 

Key (1976), on the other hand, suggested that they formed part of the base of the 

Penhalonga (sic) Formation. Much of the confusion results from the structural 

relationships between these sedimentary rocks and the rest of the belt. Geological 

and structural relations (Chapter 4) suggest that these sedimentary rocks crop out in 

an oval shaped structural basin, here named the Last Hope Basin, which is bounded 

to the north by Mapanipani Ridge banded iron formation and to the east by Signal 

Hill (U on Figure 3.8). The name Last Hope is, therefore, re-introduced after Mason 

(1970) and the sequence is re-defined as a lithostratigraphic group comprising all 

sedimentary rocks within the Last Hope Basin. Exposure of the Last Hope Group is 

poor, with discontinuous and isolated outcrops scattered throughout the entire basin. 

Lithologies within the Last Hope Basin can be subdivided into northern and southern 
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Rgure 3.13: Stratigraphic column of the Selkirk Group. The Matsiloje
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zones. The northern zone constitutes the area just south of the Mapanipani Ridge 

banded iron formation. In this region, and areas further south towards the basin 

centre, are isolated outcrops of dirty grey to pale green calcareous argillites, 

limestones, shales and greywackes. Photogeological interpretations indicate that these 

rocks are folded into NW-trending folds. 

The southern zone consists of the Signal Hill area which is the portion of the 

basin that has received the greatest attention from mineral exploration companies 

searching for sedimentary hosted gold-antimony mineralization. In this area, 

sedimentary rocks consist of meta-arkosic sandstones transitional to siltstones and 

conglomerates. The reddish brown arkosic sandstone is commonly interbedded with 

pale grey, relatively mature, gritty quartzitic sandstone. These rocks crop out on 

ENE-trending iow-lying hills and dip at steep to moderate angles to the south. 

Diamond drilling during mineral exploration indicated that the area is underlain by 

interbedded, matrix-supported, conglomerates and arkosic sandstones. Banded iron 

formation-bearing outcrops, of which Signal Hill (U on Figure 3.8) is the most 

prominent, are considered to be SW -directed thrust slices emplaced onto the 

sedimentary basin. Because of poor exposure, the Last Hope Group rocks are not 

divided into constituent formations. Figure 3.14 suxr.marizes lithological characteristics 

and stratigraphy of the Last Hope Group. 
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3.3 Plutonic Rocks or Tati Greenstone Belt 

3.3.1 Tati Batholith 

84 

The Tati Batholith is a composite, elliptically shaped, plutonic igneous body 

which intruded along the southern margin of the Lady Mary Group (Figure 3.8). The 

batholith consists of granitoids ranging from tonalites, granodiorites, feldspar 

megacrystic granites, to equigranular granites. The granitoids vary in composition and 

degree of metamorphism from north to south. In the north, at contacts between 

granitoids and supracrustal rocks, medium to coarse-grained pinkish-white 

granodiorites crop out. The granodiorites contain plagioclase, biotite and minor 

quartz, and are foliated. The foliation is marked by relatively large, orientated 

feldspar crystals within a deformed groundmass of biotite and quartz. This foliation 

is concordant with the foliation in the host supracrustal rocks. 

In the south, towards the Northem Marginal Zone of the Limpopo Belt, 

foliated feldspar megacrystic granites occur. These rocks are pink to grey and are 

coarse-grained to porphyritic. They consist of large potassic feldspar ovoids in a 

coarse-grained matrix of biotite, hornblende, and quartz. The degrees of 

metamorphism and deformation increase in these rocks towards the Northern 

Marginal Zone of the Limpopo Belt and satellite plutons of this rock type are present 

in the Northern Marginal Zone. Undeformed, whitish-grey to pink, equigranular 

granites form the rugged hilly terrain at the core of the batholith. These rocks intrude 

coarse-grained grey tonalites. The intrusive relationship is marked by numerous 

deformed aplites, dykes and small scale shear zones at the margins of the tonalites. 
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3.3.l Trondhjemite Plutons 

Three small, whitish-grey to pink, equigranular trondhjemite plutons intrude 

ultramafic-mafic rocks in the southern, southwestern and southeastern parts of the 

Tati Greenstone Belt (Figure 3.8). These are the Airport Pluton, cropping out 

southwest of Francistown, the Southern Tati Pluton, near the NE margin of Tati 

Batholith, and the Hillview Pluton which intrudes sedimentary rocks of the Last Hope 

Basin. These plutons are relatively uniform in composition compared to large 

complex bodies such as the Tati Batholith. 

3.3.3 New Zealand Pluton 

A grey to pink, coarse-grained granodiorite intrudes the base of the ultramafic

mafic rocks in the Old Tati area (Figure 3.8). The rock is compositionally similar to 

some of the Tati Batholith rocks and the body is also highly sheared and foliated. 

3.3.4 Matsiloje Batholith 

An elliptical granitoid body, with its long axis trending N-S, is present as flat 

lying outcrops at the extreme eastern end of the Tati Greenstone Belt (Figure 3.8). 

The batholith is a homogenous, coarse-grained grey tonalite body, containing 

hornblende, biotite, plagioclase and quartz. 
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3.3.S Selkirk Igneous Complex 

The top of the northernmost volcano-plutonic unit of the Tati Greenstone 

Belt, the Selkirk Group, is highly dissected by plutonic rocks. The most significant of 

these plutonic rocks constitute the Selkirk Igneous Complex which ranges in 

composition from troctolite to tonalite. The complex forms a linear belt of plutonic 

bodies extending from Tekwani in the east, to Francistown in the west (Figure 3.12). 

Coarse-grained troctolites, the Tekwani Troctolite, intrude siliceous volcanic rocks of 

the Selkirk Group in the area around Tekwani (V on Figure 3.8). Further west, a 

grey, medium to coarse-grained gabbroic body, the Selkirk Gabbro, is covered by 

sulphide gossans at the Selkirk massive sulphide mine (Won Figure 3.8). Scattered 

outcrops of feldspar porphyry occur in the vicinity of the gabbroic body. 

West of the Selkirk Gabbro, near the Sekukwe River (X on Figure 3.8), a 

layered ultramafic body occurs on the same trend as the other two bodies. This body, 

called the Sekukwe Kop Layered Plutonic Body, consists of a cap of serpentinites 

underlain by a crudely layered anorthositic gabbro and minor peridotites. Minor 

chromite seams occur in this layered body. A series of coarse-grained dioritic bodies, 

best exposed around Francistown (Y on Figure 3.8), extend from the area around the 

Sekukwe Kop Layered Plutonic Body westwards to Francistown. The diorite was 

named the Francistown Diorite by Key (1976) and this name is retained here. These 

rocks follow the same structural trend as the three plutonic bodies described above. 

The dioritic bodies enclose or surround small outcrops of coarse-grained tonalite 

which has its greatest area of outcrop on the Nyambabwe Hill (Z on Figure 3.8) in 
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Francistown. The tonalite is here named the Nyambabwe Hill Tonalite. 

These five plutonic bodies have been variously interpreted as synvolcanic 

plutonic units (Key, 1976; Mason, 1970), or as separate plutonic bodies intrusive into 

the main volcanic component of the Tati Greenstone Belt (Johnston and Griffiths, 

1982; Sheeran, 1986). Field mapping carried out during this study indicates that the 

five bodies are genetically and tectonically related. Although intrusive relationships 

among members of these plutonic bodies cannot be demonstrated in the field, they 

all occur at the same stratigraphic and structural positions. These rocks may either 

be derived from the same magmatic source, or have been emplaced during the same 

tectonic event. 

3.3.6 Granitoids or the North Margin or the Tati Belt 

3.3.6.1 Undifferentiated Granitoids 

Granitoids intrude much of the Tati Greenstone Belt volcanic rocks in the 

north. These are generally trondhjemites, granodiorites and granites. Granitoid 

gneisses are exposed along road cuttings as rafts and xenoliths in the younger 

granitoids. Uttle work was completed in this part of the belt and therefore these 

rocks are collectively referred to as undifferentiated granitoids. These rocks include 

part of Key's (1976) Selukwe Batholith. 

3.3.6.2 Ramokgwebana Batholith 

A pink to whitish-grey, coarse-grained to porphyritic feldspar granite crops out 
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at the northern edge of the Tati Belt. This granite contains large ovoidal potassic 

feldspar crystals in a coarse-grained matrix of feldspar, biotite, hornblende and 

quartz. Because of the coarse-grained nature of the matrix, the rocks are friable. The 

megacrystic granite intrudes pale-grey coarse-grained granodiorites. These two 

granitoids comprise the Ramokgwebana Batholith which is intrusive into the 

undifferentiated granitoids discussed above. 

3.3.6.3 Mphoeng Plutonic Complex 

A plutonic complex with north-south trend intrudes the northeastern part of 

the Tati Greenstone Belt (Figure 3.9). The complex extends from north of Matsiloje 

to Mphoeng in southern Zimbabwe. The plutonic complex consists of coarse-grained 

to porphyritic gabbros, tonalites and granodiorites. The gabbros crop out in the 

southernmost part of the complex where they intrude pale green andesites of the 

middle volcanic sequence. The gabbro consists of large milky white plagioclase ovoids 

~n a dark green coarse-grained matrix of pyroxene, plagioclase, minor hornblende and 

biotite. 

3.4 Rocks outside the Tati Greenstone Belt 

3.4.1 Kgarimacheng Fonnation 

An assemblage of ultramafic-mafic volcanic and plutonic rocks with minor 

sedimentary intercalations occurs southeast of the main Tati Greenstone Belt in the 

Old Tati-Matsiloje area (Figure 3.2). These rocks were considered by Key (1976) and 
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Mason (1970) to be remnants of an Archean greenstone belt older than the Tati Belt. 

3.4.2 Northern Margin Zone of the Limpopo Belt 

In Botswana, two areas are classified as being part of the Northern Marginal 

Zone of the Limpopo Belt. These are the Madinare-Monatshane Tuli-Sabi shear zone 

and the Shashe areas. Lithologically these areas are underlain by supracrustal rock 

successions of banded gneisses, marbles and magnetite-quartzites, interlayered with 

thin amphibolite sheets. These rocks were metamorphosed to amphibolite and 

granulite facies and intruded by megacrystic feldspar granites. 

3.5 Phanerozoic Rocks 

Mesozoic (.Karoo) to Cenozoic dolerite dykes intrude rocks of the Tati 

Greenstone Belt. These northwest-trending dykes are the mostly widely distributed 

dykes in the area. They consist of dull grey, coarse-grained rocks composed of 

plagioclase and pyroxene. The distribution of the Karoo dykes is related to the 

presence of the Mesozoic .Karoo Basin that covers most of the central part of eastern 

Botswana. In northeastern Botswana, .Karoo basalts overlie the Central Zone of the 

Limpopo Belt. The dolerite dykes both pre- and post-date Karoo basaltic volcanism. 

Tertiary dolerite dykes crop out as a narrow belt, termed the Tertiary Dyke 

Swarm. These rocks were interpreted by Reeves and Hutchins (1978) as the failed 

rift arm of a triple point junction localized somewhere in Zimbabwe. 
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CHAPTER FOUR 

4. THE STRUCIURE OF THE TATI GREENSTONE BELT 

4.1 Introduction 

The Tati Greenstone Belt can be subdivided into two main structural zones 

based on two dominant structural trends (Figure 4.1); the Western and Eastern 

Structural Zones (Mason, 1970; Key, 1976; Coward and James, 1974). The area west 

of Francistown consists mainly of volcano-plutonic rocks and intrusive granitoids. 

These rocks have a dominant N-S structural trend, with moderate to steep dips to the 

west. Further south and east of Francistown, the trend of tbe belt swings 

southeastwards producing a NW-trending belt, that extends from Francistown for 35 

kilometres to the Old Tati area. This part of the Tati Greenstone belt is generally 

referred to as the Western Structural Zone (Key, 1976; Sheeran, 1986; Johnston and 

Griffiths, 1982). The Western Structural Zone (Figure 3.5) contains the largest 

development of volcano-plutonic rocks in the Tati Greenstone Belt. 

The structural trend of the Eastern Structural Zone is almost at right angles 

to the trend of the Western Structural Zone (Figure 4.1). The Tati Greenstone Belt 

rocks in the Matsiloje Ridge, Signal Hill areas and around Ramokgwebana (i.e. south 

of Mphoeng) have a dominant NNE structural trend, with steep dips to the west and 

southwest (Figure 4.2- in pocket). The fault-bounded Last Hope Sedimentary Basin, 

containing a feldspathic sedimentary rock succession younger than the main volcano

sedimentary rocks of the belt, occurs at the eastern end of the \Vestern Structural 
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Zone, near the intersection of the two structural trends (Figure 3. 7). 

Mason (1968) suggested that the Last Hope Group constitute a discrete basin 

of "rightway up" sediments. This was disputed by Key (1976), who showed that the 

stratigraphic and structural trends of these sedimentary rocks are generally NW-SE, 

similar to the trends of the main supracrustal rocks in the Western Structural Zone. 

Key ( op cit) suggested that these sedimentary rocks are a continuation of the 

supracrustal rocks in the Western Structural Zone and, therefore, are part of the 

same sequence. It bas also been shown that Last Hope Group conglomerates contain 

rock fragments derived from volcano-sedimentary rocks and gneisses of the Tati 

Greenstone Belt (Molyneux, 1971 ). In this study it is suggested that the Last Hope 

Group rocks (see section 4.2.2) were deposited in a basin controlled by S to SW 

steeply dipping, E-W to NW -SE trending normal faults that formed at the restraining 

bend between two major shear zones (see section 4.2.3). The structures of the Last 

Hope Group sedimentary rocks will therefore, be discussed separately. 

4.2 Regional Structural Framework of the Tati Greenstone Belt 

Rocks of the Tati Greenstone Belt have been subjected to at least five 

deformational events (01 to 0 5). The use of 0 1 ••• 0 0 to designate deformation events 

does not necessarily mean that these structural events are not related, the 

subdivisions simply indicate the relative chronology of overprinting structural events. 

Although five overprinting deformation events are recognised, primary structures in 

the polydeformed igneous and sedimentary rocks of the belt are well preserved. 
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These primary structures constitute the primary planar foliation fabric (S0) which 

consists of features such as sedimentary stratification and igneous layering. 

4.2.1 Structure of Supracrustal Rocks in the Western Structural Zone 

Tati Greenstone Belt rocks in the Western Structural Zone dip steeply to the 

SW and S, but young to the Nand NE. Primary structures, such as pillows (Plate 4.1 ), 

graded bedding and flow tops, indicate that the succession is inverted and overturned 

to the N and NE (Morel, 1968; Mason, 1970; Key, 1976; Key et al., 1976). Key et al. 

(1976) suggested that rocks in the Western Structural Zone form the southern limb 

of a major anticline whose northern limb is located somewhere in the Vumba 

Greenstone Belt (Figure 1.2), north of the Tati Greenstone Belt. No stratigraphic or 

structural evidence exists, however, to unequivocally indicate that rocks of the Vumba 

Greenstone Belt form the overturned northern limb of such a major fold. In this 

study, rocks of the Western Structural Zone are interpreted to form steeply inclined 

and overturned homoclinal panels of fault-bounded sequences. Similar structures and 

stratigraphy have been descnbed in the Abitibi Greenstone Belt of the Superior 

Province by Hubert and Marquis (1989). 

4.2.1.1 1be D1 Structures 

The nature of the first deformational event (01) in the Tati Greenstone Belt 

has been the subject of much speculation. Coward and James (1974) suggested that 

a synclinal structure must exist to the northeast of the belt (Figure 3.5) because rocks 



94 

Plate 4.1: Pillow structures in basaltic rocks of the Lady Mary Group. Note the 
curved surface to the top right of the photograph indicating that these rocks are 
inverted. The picture was taken facing north along a stream near the Blue Jacket 
Mine in the Old Tati area ( 45 em long hammer for scale). 
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of the Western Structural Zone young to the north and northeast, whereas those of 

the Eastern Structural Zone young to the west and southwest. They pointed out that 

since the main foliation is constant throughout the Western Structural Zone, the 

syncline formation preceded development of the main foliation. Hence, D1 was 

defined as a folding event which led to the formation of this syncline (Coward and 

James, 1974). 

The consistency of foliation attitudes in all rocks from the Western Structural 

Zone and the concordance of this foliation with the primary foliation S0 

(beddingllayering) were used by Key (1976) as evidence that the main foliation 

formed on tilted and vertically inclined rocks; i.e. indicating these rocks were inverted 

and overturned prior to formation of the main foliation. Hence, the overturning and 

tilting ofthese rocks occurred during an earlier deformational event (D1). Key (1976) 

also suggested that remnants of an earlier tectonic foliation (S1), which predated the 

main foliation, could be found in isolated outcrops scattered around the belt. Planar 

fabrics interpreted by Key (1976) as S1 foliation were not confirmed during the field 

mapping for this study. Therefore, apart from the fabric described by (Key, 1976) 

which could not be confirmed during this study, D1 has no visible foliation. 

A thin aluminous schist unit, the Halfway Kop Member of the Phenalonga 

Group, occurs in the centre of the Western Structural Zone. It has variously been 

interpreted as a paleo-aquifer (Johnston and Griffiths, 1982), a metamorphosed 

laterite deposit (Key, 1976), or a hydrothermal alteration product of andesitic rocks 

(Blaine, 1986a; Sheeran, 1986). Based on observations of similar Precambrian 
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aluminous schists in other parts of the world, Serdyuchenko (1968) suggested that 

they may have formed by the metamorphism of kaolinite-bauxite weathering crusts. 

The aluminous schists of the Tati Greenstone Belt contain both pyrophyllite and 

kyanite. According to Turner (1980), pyrophyllite is widely distributed in those slates 

and phyllites that form in the early stages of the metamorphism of aluminium-rich 

(kaolinite-bearing) shales and clays through reactions such as; 

A14SiiOH)8 + 4Si02 = 2A12Si40 10(0H)2 + 2H20 

kaolinite + quartz = pyrophyllite + water 

At low temperature and high pressure greenschist facies metamorphic conditions, 

pyrophyllite would be eliminated and replaced by either kyanite or andalusite. 

The transformation reaction may be as follows: 

2AJ2Si40 10(0H)2 = AJ2Si05 + 3Si02 + H20 

pyrophyllite + kyanite = quartz + water 

The aluminous schists contain boudinaged quartz veins which parallel banding. 

Formation of these boudins and the well developed S2 foliation post-dates the 

transformation of the aluminous schists. Formation of these rocks pre-dates the main 

foliation-forming deformation event (02), and so they must have formed in an earlier 

deformation/ metamorphic event (01). The formation of fault-bounded homoclinal 

panels, the metamorphism of the aluminous schists, and inversion of the stratigraphy 

in the Western Structural Zone of the Tati Greenstone Belt occurred during the 0 1 

deformational event prior to formation of the main regional, Dz, foliation. 
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4.1.1.11be D2 Structures 

The most important feature of the second deformation is the presence of a 

regional penetrative fabric that is common throughout the belt. The second 

deformation (D~ is, therefore, the main foliation-forming event. The D2 regional 

penetrative fabric in these rocks is called Sz because it formed during D2 

deformation, although no older foliation has been observed. The planar fabric, S2, 

consists of small slip planes, pressure solution surfaces, and oriented platy and tabular 

minerals such as talc, chlorite, biotite and amphibole in metavolcanic rocks. In 

metasedimentary rocks, micas, elongated quartz grains, quartz lenses and other 

phyllosilicates define the S2 foliation. The S2 foliation has a general NW trend, and 

steep dips between 55° and 800 to the south and southwest. 

Two major F2 folds are recognised in the ultramafic-mafic volcano-plutonic 

sequences of the Lady Mary Group in the Western Structural Zone (Figure 4.3; the 

Tati River Anticline) and around the Old Tati area (Figure 4.3; Old Tati Anticline). 

Photogeological and satellite imagery interpretations indicate that ultramafic-mafic 

rocks of the Lady Mary Group envelop the Tati batholith and are very thin at the 

southern margin of the batholith compared to the northern margin. At both the 

northern and southern margins of the batholith, the volcano-plutonic rocks all dip to 

the south. Mapping indicates that the batholith was emplaced at the core of the NE

verging, Fz, Tati River Anticline (TRA). Supracrustal rocks at both the northern and 

southern margins of the batholith, therefore, form the northern and southern limbs 

of an overturned anticline. In the Old Tati area, Lady Mary Group rocks have been 
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folded into a disrupted anticline, the Old Tati Anticline (OTA), which has been 

refolded by later deformations producing curved axial surfaces. Small, rare 

asymmetrical, isoclinal F2 folds, cut by the main foliation, are also present. Axes of 

these microfolds are steep and are parallel to the stretching lineation. Small 

cylindrical folds also occur at the boundaries of major volcano-plutonic sequences, 

especially in banded iron formations and related sediments that form the tops of 

these major volcano-plutonic sequences (Plate 4.2). 

The boundaries of these volcano-plutonic sequences, marked lJy banded iron 

formation ridges, are generally linear and coincide with mylonite zones (Plate 4.3). 

These areas, therefore, mark the locations of large lineaments or lithological 

boundary-parallel shear zones. In places, these shear zones contain rare down dip 

mineral stretching lineations indicating dip-slip movements. Shear sense movement 

indicators, including drag folds (Plate 4.4), C-S surfaces, asymmetric pressure 

shadows, spaced cleavage (or shear bands) and small slip surfaces, all suggest that 

these shear zones are thrust planes with south on north thrust movement. N-vergent 

folds at the top of the Lady Mary Group have their northern limbs disrupted by shear 

zones. These shear zones were formed during later stages of the D2 deformational 

event since minor folds in banded iron formations and related sediments deform the 

SJS2 foliation surfaces. 

Because of poor outcrop exposure and the subparallel relationship of the main 

foliation (~ with the primary igneous layering and bedding (S0), the relationship of 

S2 to folding is poorly understood. Isolated outcrops near fold noses indicate that S2 
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Plate 4.2: (Top) Cylindrical folds in argillaceous sediments marking the top of the 
Lady Mary Group in a river bed, Old Tati area, about two hundred metres southwest 
of the Blue Jacket mine ( 45 em long hammer for scale). 
Plate 4.3: (Bottom) Mylonite zone marking the location of lithological boundary 
parallel lineament between Phenalonga and Selkirk groups. The photograph was 
taken along the Tati River near Marang Hotel in Francistown about 500 metres east 
of the bridge ( 45 em long hammer for scale). 
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Plate 4.4: Parasitic microfolds in veined metabasalts of the Lady Mary Group near 
the margin with granitoids (a 6 em diameter lens cap for scale). The photograph was 
taken along the Tati River near Kororo Hill (see Figure 1.3 for location). 
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may be axial planar to both major and minor folds. In the limbs of these folds, S0 and 

s2 are subparallel. The s2 foliation, therefore, forms the axial planar cleavage to these 

folds. The s2 foliation (schistosity) also carries a well developed mineral stretching 

lineation (~, that commonly plunges to the NW on SW-dipping foliation surfaces. 

This stretching lineation commonly consists of stretched and elongated minerals such 

as actinolite and chlorite, and locally hornblende, in metabasalts and andesites, 
I 

whereas in granitoids biotite and hornblende form this lineation. 

4.2.1.3 The D3 Structures 

The S-shaped axial surface trace of the Old Tati Anticline (OTA; Figure 4.1) 

illustrates the extensive deformation of D2 structures by subsequent deformations. F3 

folds range in size from millimetres to tens of metres and include tight, asymmetrical 

isoclinal flexures of primary lithological contacts (S0) and the main foliation (S2). 

These folds generally are north-verging asymmetrical drag folds or crenulation 

folding. Examples of F3 folds are found a few metres north of the Sekukwe bridge 

across the Matsiloje-Francistown road, northward along the Sekukwe River, and a 

few metres from the confluence of the Tati River and Wolf Creek, south of the 

abandoned Lady Mary mine. A crenulation cleavage (S3) parallels F3 axial planes. 

A weak crenulation lineation and a poorly defined lineation marked by the 

intersection of Sz!S3 foliations can be seen in some outcrops, espec,\ally in the hinges 

of F3 folds. The progressive rotation of F3 fold axes resulted in the re-orientation of 

this lineation parallel to the D2 stretching lineation. F2 and F3 folds may, therefore, 



103 

be co-axial, and generally oriented NW-SE to the main structural trend of the 

volcano-plutonic rocks in the Western Structural Zone. In some places, varioles and 

empty groves (Plate 4.5) in basalts and pillow structures in the Lady Mary Group are 

flattened into pancake-type structures. Along the south-dipping surfaces (stretching 

direction), the varioles are stretched suggesting up-dip movement. In the Old Tali 

area, an F3 synform occurs in the area around New Zealand Mine where the Old Tati 

Anticline (F2 fold) has been re-folded into a NE-vergent synform (Figure 4.1). 

4.2.1.4 1be D 4 Structures 

A period of dominantly strike-slip movement became prominent during 

subsequent deformation resulting in the flattening, shearing, re-activation and re

orientation of earlier structures. During D4 deformation, pre-existing faults/thrusts 

were re-activated with strike-slip movements, although in some cases dip-slip 

movements are still observed in some of these major faults. 

A large fold, < 1 km across, deforms steeply inclined south-dipping 

sedimentary rocks of the Golden Eagle Formation into the NE-vergent Golden Eagle 

Anticline (GEA) (Figure 4.3). Similar but smaller folds are also observed in basaltic 

rocks northeast of the Bonanza mine. The axial planes of these folds are generally 

parallel to the dextral Sekukwe-Long Gossan Lineament (SLGL). Progressive 

deformation between two major strike-slip fault/shear zones, the KFS and SLG L 

(Figure 4.4), resulted in the formation of secondary shear structures such as riedel 

shears (R and R'), principal shears (P), tension veins (T) and asymmetrical folds such 
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Plate 4.5: Strained amygdaloidal structures that mark the surface expression of 
mineralized shear zones in the Shashe Group of deposits (6 em diameter camera lens 
for scale). 
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as the GEA. Along the Sekukwe River within tht~ SLGL shear zone, 0 3 crenulation 

folds with subhorizontal axial planes were rotated into steeply inclined axial planes 

(Plate 4.6) during dextral movements. This rotation was accompanied by down-dip 

slip between igneous layers resulting in the formation of fault striations and mineral 

stretching lineations. 

In the western part of the belt (Figure 4.5), interaction of the N-S trending 

high metamorphic grade Shashe Belt and the NW-SE trending Western Structural 

Zone resulted in NW-SE compression in the Tati supracrustal rocks. This 

compression, especially near the margins of the Airport Pluton, resulted in 

constrictional strains and formation of cigar-shaped fold trains (Plate 4. 7). Elsewhere 

in the area, and away from the margins of this pluton, rare asymmetrical folds (Plate 

4.8) are observed. The interaction of the Tati Greenstone Belt with the Limpopo 

protocraton resulted in the formation of the high grade metamorphic core rocks in 

the Shashe Belt during the 0 4 deformation event. 

4.2.2 Strudure of Supracrustal Rocks in the Last Hope Basin 

East of the CharJie Mine Fault Zone (CMFZ; Figure 4.6), the sedimentary 

rocks of the Last Hope Basin change from feldspathic sandstone and grits 

interbedded with pebble conglomerates in the E and SE to black shales, calcareous 

argillites, limestones and phyllites in the N and NW. This suggests that the basin 

depth increased in the same direction. The basin structure or outline is controlled by 

a series of E-W trending normal faults with throws to the N (Figure 4.6). These faults 
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Plate 4.6: Mineral stretching lineation (arrow) on meta basalts of the Lady Mary 
Group associated with lithological boundary parallel faults/shear zone. The 
photograph was taken near the Sekukwe bridge at the Francistown-Matsiloje road 
crossing ( 6 em diameter camera lens cover for scale). 
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Plate 4.7: NNW-trending upright folds in metabasalts of the Lady Mary Group at the 
western margin of the Airport Pluton. These folds occur near the boundary of the 
Tati Greenstone Belt and the Sbashe Belt ( 45 em long hammer for scale). 
Plate 4.8: E to NE vergent asymmetrical folds in talc-chlorite schists of the Lady 
Mary Group at the southern margin of the intrusive Airport Pluton ( 6 em diameter 
camera lens cover for scale). 
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splay from the strike-slip couple represented by the CMFZ and Hillview Lineament 

(HVL). The simple shear couple suggests that the splay faults became active 

sequentially in a SE direction (Figure 4.6). HVL coincides with silicified banded iron 

formations of the Mapanipani Ridge. This basin was therefore, formed by movements 

of strike-slip faults past a restraining bend. The restraining bend was created by the 

change in strike and displacement from the NW-SE trending SLGL to the SSE-NNW 

trending CMFZ. Since these two strike-slip faults have dextral senses of displacement, 

the area to the north of these faults was uplifted, whereas past the bend, the basin 

progressively widened to the south (Figure 4.7). This basin progressively died out in 

the same direction with increasing distance from the restraining bend (Figure 4. 7). 

The margins of the Last Hope Basin are marked by thin, steeply south-dipping, 

banded iron formation (BIF) and associated sedimentary successions (Figure 3.14). 

To the e~t, the N-S trending Signal Hill ridge, BIF and associated sedimentary rocks 

form the eastern margin of the basin. Rocks in this ridge dip at steep angles to the 

west (i.e. towards the basin centre). Signal Hill ridge rocks have strikes which are at 

right angles to the trends of the sedimentary rocks in the Last Hope Basin. 

A small hill, consisting of highly brecciated BIF overlaying pale grey, 

calcareous, argillaceous sedimentary rocks, occurs at the eastern end of Signal Hill. 

These argillaceous rocks trend 032° and contain crenulation cleavages (20° to 090°) 

on a shallowly dipping foliation. To the north, the south dipping BIF and associated 

sedimentary rocks of the Mapanipani Ridge constitute the northern margin of the 
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basin (Figure 3. 7). These BIF and associated rocks dip steeply towards the basin 

centre. The southern margin of the basin is marked by D 4 thrusts. 

4.2.2.1 The D1 Structures 

The dips in Last Hope Group rocks are variable across the entire basin. They 

are steep at the northern margin and centre of the basin, but progressively shallow 

southeastwards towards Signal Hill. The structural trends of these sediments also 

varies from WSW-ENE to NW-SE. These trends ami dips are controlled by 0 2 

basement faults which dip steeply to the south and southeast (Figure 4.7). The Last 

Hope Basin is, therefore, interpreted to have formed during D1 and, hence, no D1 

structures are recognised. 

4.2.2.2 The D2 Structures 

The main penetrative fabric in the sedimentary rocks of the Last Hope Basin 

formed on steeply dipping S0 foliation surfaces (stratification/bedding). The S2 

foliation consists mainly of elongated phyllosilicate (micas, sericite and 

aluminosilicates) crystals. Unear fabrics are defined by bedding para]]el quartz veins, 

stretched minerals and rock fragments. The foliation in these sedimentary rocks, 

although affected by extensive faulting within the basin, is generany subparanel to 

primary stratification/bedding (S0). No F2 folds were observed. 
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4.2.2.3 1be D3 Structures 

Most of the structural data available on the Last Hope Basin mainly come 

from the area around Signal Hill, however, this area is located at the northern edge 

of the basin where shearing and thrusting are vecy intense. Because of poor outc.rop 

exposure, NE-vergent F3 folds that parallel similar folds in the Old Tati area can only 

be interpreted from satellite imagery and aerial photogeological interpretations. On 

the southern limb of the Signal Hill syncline, drag folds or crenulation folds with 

steeply inclined south dipping axial planes are exposed. A strong crenulation lineation 

and a lineation marking the intersection of S2/S3 foliations are more common in 

hinges of F3 folds within argillite outcrops. Stretching lineations, defined by the long 

axes of vein quartz boudins and stretched rock fragments, parallel the SofS2 foliation. 

The direction of maximum boudin separation, or the direction of maximum finite 

extension ( cf. Williams et al., 1989), is parallel to the SJS2 foliation and limbs of the 

F3 folds. Thin quartz and quartz-carbonate veins connect adjacent boudins. 

4.2.2.4 The D 4 Structures 

NW-directed 0 4 thrusting in the Eastern Structural Zone (section 4.2.3) 

affected most of the Last Hope Group rocks, especially at the eastern end of the 

basin. The 0 4 deformational event in the Last Hope Basin was also responsible for 

the duplication of BIF outcrops in the Mapanipani area (Figure 3. 7). The quartz 

vein-filled, dextral, Charlie Mine Fault Zone (CMFZ) accommodated 0 4 strike slip 

movements that fragmented the Mapanipani BIF Ridges. NNW-trending F4 folds also 
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occur south of Mapanipani Ridge and north of Signal Hill within the Last Hope 

Group (Figure 4.6). These folds deform bedding-parallel D2 foliation and are related 

to the 0 4, NW-directed, thrust movement. 

4.2.3 Structure or Supracrustal Rocks or the Eastern Structural Zone 

4.2.3.1 The D1 Structures 

The main foliation (Sz) in the Eastern Structural Zone is subparallel to, and 

concordant with, the primary igneous layering and sedimentary stratification (S0) and 

hence is similar to the main foliation in the Western Structural Zone. The general 

structural trends in this zone, with NNE strikes and steep W and SW dips, are 

consistent throughout. The difference in main foliation orientation between the 

Eastern Structural Zone and the rest of the belt was suggested to result from the 

horizontal southward movement of the Matsiloje Batholith relative to the rest of the 

belt (Coward and James, 1974). Strain measurements by these authors also suggested 

that the main foliation in both the Western and Eastern Structural Zones may have 

formed under the same strain regime. Such foliation would have formed on vertically 

inclined igneous layering and sedimentary bedding surfaces. Therefore, as in the 

Western Structural Zone, the tilting of the strata into vertically inclined surfaces on 

which the foliation formed, occurred during the D1 deformation event. 

4.2.3.2 The D2 Structures 

The most prominent rock bodies in the Eastern Structural Zone are SW-NE 
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trending BIF at Matsiloje Ridge and Signal Hill. The BIF ranges from cherty through 

thinly bedded to brecciated varieties. limestones, or calcareous sediments, and talc

chlorite-actinolite schist constitute the top and base of these ridges, respectively. A 

wen developed planar fabric subparallel to the bedding constitutes the S2 foliation. 

In most cases, siliceous bands and quartz veins within BIFs are boudinaged with the 

long axes of the boudins parallel to the foliation. Because of the high competency of 

BIF units, microfractures filled by quartz-carbonate veins develop between boudins. 

4.2.3.3 The D3 Structures 

A major F3 syncline occurs between Signal Hill and Matsiloje Ridge, but, 

because of poor outcrop exposure, this syncline is defined mainly from satellite 

imagery and photogeological interpretations. The formation of the syncline may have 

been related to NW-directed thrust movements. 

4.2.3.4 The D 4 Structures 

The trends of rocks in Signal Hill and Matsiloje Ridge and a klippen of 

ultramafic-mafic rocks south of Mphoeng area (NE-SW; Figure 4.2) are generally 

orthogonal to the trends of the rest of the belt. West of the ultramafic-mafic klippen, 

the Selkirk Group rocks that host the Phoenix massive sulphide deposit dip eastwards 

at shallow angles below the steeply dipping ultramafic rocks (Figure 4.8). Further SE 

from the Phoenix Mine, just north of Matsiloje Ridge, Selkirk Group rocks also dip 

at steep angles to the east. 
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The contact between the ultramafic-mafic klippen and the Selkirk Group rocks 

is marked by highly sheared lithologies (talc-chlorite schists) dipping at relatively high 

angles to the east. These schists contain mineral stretching lineations and other linear 

structures (LS4) which plunge 5~ towards 1000 on steeply east-dipping, SW-NE 

trending S2 foliation surfaces. Further south, the contacts between Signal Hill rocks 

and the sedimentary rocks of the Last Hope Basin, and between Matsiloje Ridge 

rocks and rocks west of this ridge, are marked by pink to reddish-brown, relatively 

fissile carbonates dipping at low angles to the east. These highly schistose rocks 

underlie brecciated BIFs and, although lineation and other kinematic indicators are 

poorly defined due to poor outcrop exposure, these schistose carbonate rocks have 

mineral stretching lineations and other linear structures (LS4) that plunge at 70° 

towards 190". These carbonated schists constitute the soles of east-dipping thrust 

surfaces. 

In all these areas, the contacts are defined by WSW-ENE trending fault/shear 

zones. These boundary fault/shear zones (Figure 4.3) are interpreted as having 

formed from a NW -directed thrust movement and the thrust slices actually make up 

the Eastern Structural Zone of the Tati Greenstone Belt (Figure 4.2). The elliptically

shaped Mphoeng Flutonic Complex has its long axis oriented SSW-NNE following the 

main trend of the Eastern Structural Zone, indicating NW-SE compression during D4 

deformation event. The curvature of the D3 syncline between Matsiloje Ridge and 

Signal Hill (Figure 4.9- in pocket) also suggests the existence of such a compressional 

deformation. 
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4.2.4 Major lineaments in the Tati Greenstone Belt 

Figure 4.10 delineates all lineaments and fractures compiled from 

photogeological and satellite imagery interpretations. In general, two lineament and . 

fracture trends can be recognised in the Tati Greenstone Belt. The first group trends 

between 100-2800 and 110-2900, and the second group trends between 180-360° and 

220-0400. A third fracture set is subordinate to these two main directions in terms of 

the number of fractures; this third group has a general trend between 140-320° and 

150-3300 and coincides with the trend of the Western Structural Zone. The third 

fracture system is part of the Sekukwe-Long Gossan Lineament System (SLGL; 

Figure 4.6). The SLGL lineaments are concordant with bedding/layering, especially 

at the tops of major volcano-plutonic sequences, and because they separate major 

volcano-plutonic sequences, they are referred to as boundary faults. 

The largest group of lineaments are those with the 100-280° to 110-290° 

structural trends. Two of these lineaments coincide with narrow, linear, magnetic 

anomalies which extend beyond the limit of the Tati Belt and which have been 

interpreted to be fault/shear zones. Current work has confirmed that these large 

anomalies coincide with shear zones on the ground. Tertiary tectonism in 

northeastern Botswana, as represented by NW-SE trending dyke swarms, coincides 

with the trend of these ancient lineaments, suggesting that they represent weak 

crustal zones along which the Tertiary tectonism was localised. These lineaments are 

collectively referred to as the Matsiloje-Francistown Lineament system. 

The majority of fractures and lineaments with 2200 to 0400 structural trends 
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occur around the Eastern Structural Zone. On the ground, these shear/fracture zones 

are found where they intersect river courses. These major lithological boundary

parallel shear zones are generally ductile to ductile-brittle zones (Plate 4.9), whereas 

secondary shear zones (Figure 4.5) are mainly brittle structures (Plate 4.10). 

Figure 3.6 showed that the Tati Greenstone Belt is a composite terrane 

separated from the continental margin to the north by a 8 km wide tectonic zone. 

This tectonic zone is bounded to the south by the Matsiloje-Francistown Lineament 

(MFL) and to the north by the Tsamaya-Ramokgwebana Lineament (RTL). The 

zone is intruded by major plutonic complexes; the Selkirk Igneous Complex (SIC) to 

the south, the Mphoeng Plutonic Complex to the east, and the Ramok&rwebana 

Batholith to the northeast. These plutonic complexes contain remnants of 

paragneisses and volcano-plutonic rocks. To the north of this tectonic zone (i.e. north · 

of RTL), Key (1976) suggested that the granitoids were derived from granitization of 

old rocks. Such granitoids, although not studied in this thesis, are believed to have 

been derived from the partial melting of upper crustal rocks. 

The composite terrane south of the MFL comprises the main volcano-plutonic 

rocks the Tati Greenstone Belt. The boundary of this terrane with the Northern 

Marginal Zone (NMZ) of the Limpopo Belt (i.e. its southern margin) is marked by 

a metamorphic and structural transition from lower grade (greenschist facies) in the 

Tati Greenstone Belt to higher grade (amphibolite-granulite facies) in the NMZ. 

Structures south of the transition zone are dominated by north-trending isoclinal to 

tight parallel folds in gneisses. This structure contrasts with the dominant NW-SE 
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Plate 4.9: Mafic rocks of the Lady Mary Group, generally contain foliation-parallel 
qu_artz-feldspar veins near contacts with granitoids. (a) Photograph shows that these 
vems parallel the SofS2 foliation. A large late quartz vein cut the later. (b) Quartz
feldspar veins indicate that deformation was mainly ductile. 
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Plate 4.10 (a): Brittle fractures (arrows) in basaltic andesites of the Phenalonga 
?roup along the Tati River near Francistown. Quartz-filled zones are more common 
m areas further away from granitoid contacts than quartz-feldspar veins. (b) Brittle 
secondary fractures localized to early quartz veins emplaced in highly fractured 
basaltic rocks of the Lady Mary Group ( 45 em long hammer for scale). 
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structural trend in the Western Structural Zone of the Tati Greenstone Belt (i.e. 

north of this transition zone). The width of the composite terrane that makes up the 

Western Structural Zone of the Tati Greenstone Belt, measured from its boundary 

with the NMZ to the MFL, is about 40 km. 

The Sekukwe-Long Gossan lineament (SLGL) and the Charlie Mine Fault 

Zone (CMFZ) form major fault/shear zone boundaries that separate komatiite

tholeiitic volcano-plutonic rocks of the Lady Mary Group from the calc-alkaline 

volcano-plutonic and feldspathic sedimentary rock sequences (Figure 4.11 ). These two 

dextral shear zones may actually be components of the same shear zone that was 

fragmented by subsequent deformations. On the other hand, the CMFZ may be a 

secondary shear zone joining two right-stepping major strike-slip fault/shear zones, 

the SLGL and the Old Tati Lineament (OTL). The dextral OTL separates the base 

of the Lady Mary Group from rocks of the NMZ (Limpopo Belt). In the Western 

Structural Zone, the sinistral Kororo Fault System (KFS) marks the boundary 

between the northern margin of the Tati Batholith and the volcano-plutonic rocks of 

the Lady Mary Group. The KFS is restricted to the northern margin of the Tati 

Batholith. 

The' Phenalonga Group, a calc-alkaline volcano-plutonic sequence with minor 

sedimentary rocks in the Western Structural Zone, lies between the SLGL to the 

south and the Phenalonga Fault Zone (PFZ) to the north. These two lineaments 

coincide with the locations of silicified banded iron formations. Williains et al. (1989) 

described similar "silica-rich chert-hematite b.i.f. horizons as discordant mylonite 
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zones" in the Leonora District of the Eastern Goldfields Province, Western Australia. 

Calc-alkaline volcano-plutonic rocks, with minor sedimentary intercalations 

north of the PFZ, constitute the third volcano-plutonic sequence, the Selkirk Group, 

of the Tati Greenstone Belt. The northern margin of the Selkirk Group is disrupted 

by plutonic rocks within the MFL-RTL tectonic zone. 

SLGL, CMFZ, OTL and PFZ are lithological boundary-paralJel shear zones 

of regional extent. They traverse the whole of the Western Structural Zone and are 

generaJJy cut by E-W trending shear/fault zones, some of which (e.g. MFL and RTL) 

extend beyond the limit of the Tati Greenstone Belt (Figure 4.3). The Last Hope 

Fault Zone (LHFZ) marks the boundary between the Last Hope Basin to the north 

(Figure 4.9) and the Old Tati area to the south. The southern edge of this fault zone 

is marked steeply south-dipping brecciated banded iron formations and pinkish-brown 

carbonaceous sediments. Microstructural data, such as shear bands (Plate 4.11), 

spaced fracture cleavage (Plate 4.12), asymmetrically folded quartz veins (Plate 4.13), 

pressure solution and pressure shadows (Plate 4.14), all indicate reverse dip-slip 

movement on the LHFZ of south over north. 

4.2.5 Granitoid Intru~IV•!S 

Granitoids form an integral component of Archean granite-greenstone geology 

and there are several granitoid bodies of different shapes and sizes within the Tati 

Greenstone Belt. The roles that such granitoids play in the structural evolution of 

Archean greenstone belts remains an unresolved aspect of Archean geology. Early 
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Plate 4.11: Photomicrograph showing microshear bands in metasedimentary rocks of 
the Last Hope Group (scale 0.5mm PL ). 
Plate 4.12: Photomicrograph showing spaced fracture cleavage within 
metasedimentary rocks of the Last Hope Group, in which phyllosilicates were 
deposited as bands (scale 0.5mm PL). 
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Plate 4.13: Photomicrograph showing the relationship of microfractures to folded 
quartz veins (Q) lying in the plane of the main shear zone. The microfractures form 
oblique to the shear zone boundary varying from high angle reverse microfaults near 
fold noses to low angle thrust microfaults away from these areas (scale = 0.5 mm 
PL). 
Plate 4.14: Photomicrograph of a large detrital quartz grain (D) which exhibits growth 
features or pressure shadows. Microfractures resulting from the pile up crenulation 
folds crests and accumulation strains between detrital quartz clasts are also visible 
(scale = 0.4 mm PL). 
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structural and tectonic models for Archean granite-greenstone belt evolution depicted 

granitoid diapirism as the driving force for the vertical tectonics that were interpreted 

to have been responsible for most of the structures seen in these belts (e.g. Gorman 

et al., 1978). Other models interpreted granitoids as part of an overall orogenic cycle 

dominated by horizontal movements (e.g. Burke et al., 1976). More recently, Collins 

(1989) argued that 11the typical domal structure of granite batholiths within granite

greenstone terranes suggests that diapirism was involved in their genesis.11 He further 

pointed out that greenstone belts were initially subjected to subhorizontal tectonics 

involving thrusting and recumbent folding, which were later modified by upright 

structures probably related to diapirism. 

The main focus of this section is to review the role of granitoids in the 

structural and tectonic evolution of the Tati Greenstone Belt. In the belt, granitoid 

bodies range from large composite bodies to small homogeneous plutons (Figure 3.8). 

The largest of these, the Tati Batholith, is an elliptically-shaped composite body which 

forms part of the southern boundary of the belt. Medium-sized bodies, such as the 

Matsiloje and Ramokgwebana batholiths, are also irregular in shape, but Jess variable 

compositionally. Small plutons, such the Southern Tati, Airport, New Zealand and 

Hillview, are sub-circular in shape and compositionally more homogenous. 

Structures in supracrustal rocks near the margin of the granitoids have clearly 

been modified by the emplacement of granitoids. For example, foliated supracrustal 

rocks at the margins of the Southern Tati Pluton (Figure 4.12) wrap around this 

granitoid body. This ''wrapping .. foliation contrasts with the planar structural trends 
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common in most parts of the Tati Belt; eg. the regularity of the NW structural trends 

in most of the Western Structural Zone. In other words, granitoid emplacement 

apparently disrupted the main trends of regional structures. Dips of the foliation 

around granitoid margins are inwards towards the batholith, and the intensity and 

complexity of the deformation increases towards the granitoid contacts. 

Asymmetrical microfolds in veined supracrustal rocks are commonly found 

near the northern contact of the Tati Batholith. The importance of these microfolds 

is that they deform the SJS2 foliation surfaces of supracrustal rocks. The microfolds 

contain subvertical axial planes on the steeply south-dipping foliation of supracrustal 

rocks. Axial planes of these microfolds, although inclined at high angles towards the 

batholith, dip to the south, the same direction as the foliation in supracrustal rocks. 

The geometry of these microfolds suggests batholithic up-movement; i.e. that they 

were formed by the uplift of supracrustal rocks during emplacement of the batholith. 

Since this uplift post-dated S2 foliation, the emplacement of the Tati Batholith must 

have been post-02 deformation. These microfolds could also have been formed by 

northward-directed tectonic transport with respect to the Tati Batholith. The 

restriction of these structures to the margins of granitoids and the presence of wrap

around foliations suggests diapirical emplacement of the batholith. 

Composite granitoid bodies, such as the Tati Batholith, consist of multiple 

intrusions emplaced at various ages. Structures between the various members of the 

these bodies, indicate that the younger plutonic members at the cores of the 

batholiths were emplaced in already deformed outer gneissic varieties. For instance 
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in the Tati Batholith, granitoid units at the northern margin consist of whitish-grey 

to pale pink even-grained granodiorite gneisses which have well developed foliation 

or gneissosity defined by elongated biotite and hornblende crystals around deformed 

feldspar crystals. This foliation parallels the SJS2 foliation of supracrustal rocks. 

Southeast of the northern margin, are grey gneisses (biotite gneiss) which have 

well developed foliations defined by the preferred orientation of biotite crystals and 

feldspar. The contacts between the grey gneisses and the undeformed batholith core 

rocks are defined by highly deformed rocks. Small scale dextral shear zones are 

localized in deformed biotite gneisses, parallel to the gneissic foliation. Folded aplitic 

dykes curve into these shear zones, suggesting that they were being progressively 

rotated into paraiJelism within these minor shear zones. Dimroth et al. (1986) pointed 

out that contact-parallel mylonitic fabrics at the margins of granitoids occur in both 

pre and syn-kinematic granitoids, indicating, in the case of syn-kinematic granitoids, 

that deformation outlasted crystallization. In the Tati Batholith, core granitoids are 

relatively undeformed and the shear zones are localised to within the host biotite 

gneisses rather than in the younger granitoids. The folding of aplitic and granitic 

dykes occurred during the shearing event which accompanied emplacement of the 

undeformed granitoids. 

Along the southern margin, megacrystic granitoids form elliptical plutonic 

bodies within the Tati Batholith. These rocks are progressively deformed southward 

towards the Northern Marginal Zone of the Limpopo Belt. These rocks consist of 

large feldspar crystals, biotite, hornblende and quartz. The feldspar crystals have 
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preferred orientations at 286°-316° and they generally contain microfractures, which 

together with wisps of biotite, indicate the presence of S-C shear bands. In these 

areas, deformation was superimposed on magmatic textures. 

Further south, megacrystic granitoids are progressively deformed into grey 

porphyroblastic gneisses. In these areas, folded aplitic dykes and pegmatites are 

rotated into parallelism with minor shear zones. Buckled and sheared aplite dykes are 

common. The contact of these granitoids with supracrustal rocks in this area is not 

exposed. However, structures within these granitoids suggest that they were emplaced 

syn-tectonically (cf. Paterson et al., 1989; Dimroth et al., 1986; Windley, 1991). 

Granitoids in the Tati Greenstone Belt post-date the D2 deformational event which 

was the main foliation-forming event in the supracrustal rocks. Since these granitoids 

modified and deformed regional foliation in host supracrustal rocks, they were 

probably emplaced sometime between the D2 and D3 deformational events. 

4.3 Structural Evolution of the Tati Greenstone Belt 

Morel (1968) argued that the Tati Greenstone Belt underwent only one period 

of deformation, an Alpine-type nappe folding event. This deformational event 

resulted in the formation of an inverted synclinal structure. Mason (1970) and 

Anhaeusser and Ryan (1979) suggested · that the Tati Greenstone Belt is a synclinal 

keel, in which the core was intruded by large granitoids. All structures according to 

this model are related to the interaction of the greenstone belt rocks with the 

intrusive diapiric granitoids. Coward and James (1974), Coward et al. (1976), Coward 
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(1980; 1984) and Key (1976) proposed, on the other hand, that the Tati Greenstone 

Belt structures were related to deformational events in the Limpopo Belt, and most 

especially in the Northern Marginal Zone. 

Coward and James (1974) also interpreted the structure of the Tati 

Greenstone Belt as a synclinal structure, the core of which was intruded by granitoid 

diapirs. They, however, suggested that the Eastern Structural Zone (Eastern limb of 

the syncline) could not be explained by a simple infolded syncline model. They 

postulated that the Eastern Structural Zone was rotated from a southern position to 

its present position and used the existence of NNE-trending shear zones within this 

area of belt (Figure 3.5) as evidence for this rotational movement. More recently, 

models for greenstone belts of the Zimbabwe Craton in Zimbabwe have explained 

the deformational histories in terms of the interaction between small crustal blocks 

or microplates (Wilson, 1990; Treloar et al., 1992). These crustal blocks, according 

to Wilson (1990), were cored by large granitoid bodies that acted as rigid bodies 

during deformation. Relative movements between these blocks were interpreted to 

have resulted in the formation of the widespread shear zones present in the craton. 

To the south, in the Kaapvaal Craton in South Africa, structures within the 
-

Pietersburg and Sutherland Greenstone Belts are believed to have been generated 

by horizontal crustal movements (De Wit et al., 1992; McCourt and ,ian Reenen, 

1992). These two greenstone belts have similar spatial relations to the Limpopo Belt, 

as the Tati Greenstone Belt. In both the Pietersburg and Sutherland Greenstone 

Belts, structures indicate north to south directed thrust movements (De Wit et al., 
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1992; McCourt and van Reenen, 1992). According to Roering et aJ. (1992), this 

south-directed thrusting is related to the uplift of the Central Zone of the Limpopo 

Belt, as a "pop up" type deformation, resulting in similar structures at both the 

northern and south margins of the Umpopo Belt. Treloar et al. (1992) suggested, 

however, that there is evidence for NW-SE shortening, thrusting, folding and 

flattening from the Witwatersrand Basin on the Kaapvaal Craton to the Shamva 

district of northern Zimbabwe. Similarly, there is evidence for an apparently equally 

dominant SW or WSW movement direction accommodated by WSW-ENE or SW-NE 

striking shear zones. They suggested that the different movement directions may 

either represent different collisional events, or a single collisional event that was 

accompanied by lateral extrusion between crustal blocks. 

In general, fold trends change from N-S in the Shashe Belt, to NNE-SSW in 

the Tonata area of the Northern Marginal Zone (NMZ) of the Limpopo Belt. ENE

SWS directions are recorded in the NMZ, southeast of Old Tati. Fold trends in the 

different subzones of the Tati Greenstone Belt mirror those of the high metemorphic 

grade areas outlined above. In the Francistown Subzone, fold trends are N-S, similar 

to those of the Shashe Belt. In the Tati River Subzone, they are at right angles to 

those of the Tonata area. The Old Tati Subzone fold trends follow the ENE trend 

of the Northern Marginal Zone of the Limpopo Belt. 

The contact between the Shashe Belt and the Tati Greenstone Belt is a sharp 

tectonic discontinuity. Mason (1973) noted that metamorphism and deformation 

increase quite sharply from the greenstone areas to the Shashe gneissic belt. 
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Structures in the Shashe Belt west of Francistown, and in the NMZ, south of the Tati 

Greenstone Belt, record SW-directed movements of the Zimbabwe Craton. This 

collisional deformation led to thrusting in the Sbashe Belt and probably block tilting 

and buckling in the NMZ. This SW-directed movement postdates the main foliation

forming deformation event (D:J. D2/D4 SW-NE or WSW-ENE trending shear zones 

(Figure 4.6) formed at this time. 

The Eastern Structural Zone has a N-S trending S2 foliation and NNE 

boundary shear zones. Similar shear zones in Zimbabwe were interpreted to have 

been derived from NW-SE compression, which resulted in thrusting, folding and 

flattening (Treloar et al., 1992). Emplacement of the Eastern Structural Belt of the 

Tati Greenstone Belt is consequently manifested by folding in the Last Hope Basin 

related to the thrusting of the Signal Hill block onto the Last Hope Basin. These 

structures have the same general trend as those at the western margin between the 

Tati Greenstone Belt and the Shashe Belt and may therefore have formed by the 

same WSW -directed movement. 

A major tectonic zone, bounded by the major MFL and RTL lineaments 

(Figure 3. 7), separates the Tati Greenstone Belt rocks in the south from a dominantly 

granitoid terrain in the north. Plutonic rocks of the Selkirk Igneous Complex (SIC) 

are intruded into this zone of major crustal weakness. The MFL-RTL structures and 

SIC plutonic bodies form a tectonic marker zone/break that probably represents a 

collisional suture zone. Igneous bodies similar to the Selkirk Igneous Complex in the 

Trans-Himalayan batholith are related to modem suture zones (Searle et al., 1987). 
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4.4 Metamorphism 

All rocks of the Tati Greenstone Belt are generally metamorphosed to 

greenschist facies with the most common mineral assemblage being chlorite + 

zoisite/clinozoisite + actinolite/tremolite ± quartz. However, pockets of higher grade 

metamorphism are present, especially in high strain areas (shear zones) and near the 

margins of granitoid intrusive where pyroxene hornfels are recorded. Key (1976) and 

Key et al. (1976) suggested that in isolated areas, greenschist facies chlorite-talc

sericite assemblages constitute the S1 fabric. This was not confirmed during this study, 

although the assemblage is more common in highly altered rocks in some shear 

zones. Because of the low grade of metamorphism, and dry climatic conditions, some 

Tati Greenstone Belt rocks are remarkably fresh where exposed ( cf. Kusky and 

Kidd's (1992 remarks on Belingwe Greenstone Belt rocks). Because of the low grade 

of metamorphism, the prefix meta- is generally dropped and igneous rock names such 

as basalts are maintained. 
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CHAPTER FIVE 

S. GEOCHEMISTRY 

5.1 Introduction 

There is very little stratigraphic continuity between units within the Tati 

Greenstone Belt due to the complex regional structure. The fragmented nature of the 

exposed sections has contributed immensely to problems of stratigraphic subdivision. 

The great dependence of by previous workers on equivocal field relations for defining 

the stratigraphy of the belt, in the absence of fossil evidence and isotopic dating, hRs 

further compounded the problem. Furthermore, there have only been minimal 

geochemical data available to constrain stratigraphic problems. 

During geological mapping of the Tati Greenstone Belt for this work, rock 

sampling was carried out in traverses across individual units and groups of litholc'_3ical 

units. The main aim of the sampling was to assess compositional v?..riations within and 

across geological units. The sampling was also designed to provide geochemical 

control for the stratigraphic classification of rock units . within the Tati Greenstone 

Belt. Furthermore, geochemical data were also used to develop petrogenetic 
., 

interpretations for the volcanic and plutonic rocks. The main thrust of this work is 

metallogenic ar.aiysis of the gold deposits of the Tati Greenstone Belt, and since the 

majority of gold deposits in the belt are either hosted by ultramafic-mafic rocks or 

occur at contacts between granitoids and supracrustal rocks, this Chapter will 

summarize the geochemical features ofth~ ultramafic-mafic rocks and granitoid rocks 

in the blt 
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The ubiquitous presence of granitoids in Archean greenstone belts and the 

broad geochemical resemblance of these Archean granitoids to the North American . 

Cordilleran batholiths (Tarney, 1976; Tarney and Saunders, 1979), suggests the 

possibility of a similar tectonic setting for granitoids in both Archean greenstone and 

North American Cordilleran belts. The role played by granitoids in the geological 

evolution of Archean greenstone belts and associated gold mineralization has 

remained an enigma to geologists working in the Archean. Because of this, the 

second part of this Chapter concentrates on the general chemistry ofTati Greenstone 

Belt granitoids. The term granitoid is used in this thesis as a collective term for 

diorites, granodiorites, and granites, among other rock types. The reason for this 

usage is that most Archean granitoid rocks occur as composite bodies that range in 

composition from gabbro to granodiorite and/or trondhjemite. Units in such 

composite bodies may be related genetically by petrogenetic processes such as crystal 

fractionation or partial melting of a common source. 

5.2 Alteration Effects on Rock Chemistry 

Most rocks in the Tati Greenstone Belt are metamorphosed to at least 

greenschist or lower amphibolite facies grade. Therefore, the effects of 

metamorphism and hydrothermal alteration must be evaluated if chemical data from 

these rocks are to be applied correctly in the identification of magma source(s) and 

differentiation trends. For example, Beswick and Soucie (1978), Rollinson and 

Roberts (1987) and Hughes and Hussey (1979) have addressed the problems inherent 
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when examining volcanic rocks that have undergone alteration. A combination of 

chemical and petrographic tests were applied in selecting "fresh" rocks to be used in 

this stu~y. AU rocks with a Joss of ignition (LOI) greater than 2.5 wt% ( cf. Hughes 

and Hussey, 1979) were rejected as being significantly altered. Beswick and Soucie's 

(1978) igneous trend diagrams indicate that the remaining Tati Belt rock samples 

were not significantly altered (e.g. Figure 5.1a). 

Plots of relatively immobile elements, such as Zr, against mobile alkali 

elements, such as Rb or K, were also studied (e.g. Figure 5.1b). The scatter on such 

plots increases as alteration increases. Using all these different methods, six 

ultramafic-mafic volcanic rock samples out of a total of thirty-five were rejected as 

being significantly altered. Some of these six rock samples were, however, analyzed 

for rare earth elements (REE). Such samples show coherent chondrite-normalised 

REE patterns. Samples with very high LOI produced erratic REE patterns, especially 

in the light rare earth elements (LREE) ( cf. Bienvenu et al., 1990). The "rejected" 

samples with coherent REE patterns indicate that alteration in such rocks was minor 

and did not significantly affect REE. 

5.3 Geochemistry of the mtramafic-mafic Rocks 

5.3.1 Introduction 

Elemental distributions within modem volcanic rocks have been used with 

some degree of success to characterize geotectonic settings (e.g. Pearce and Cann, 

1973; Pearce and Norry, 1979; Pearce, 1982; Pearce et al., 1984; Wood et al., 1979; 
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Figure 5.1 a: Ca0/K20 vs. Al203 diagram (after Beswick et al., 1978) for rocks 
from the Tatl Greenstone Belt. The samples define a tight curve from mafic (top 
right) to intermediate compositions (bottom left) CaO metasomatism would cause 
displacement parallel to the Ca0/K20 axis, Al203 metasomatism would cause 
displacement parallel to the AI203/K20 axis, whereas 1<20 displacement will be 
at an angle of 45 to the two axes. Compositional differences would lead to 
the departure of samples from the main trend; eg. the two samples above the main 
trend are low Al-komatlites. 
Figure 5.1 b: Nb vs. Ba diagram for Tati Greenstone Belt samples. Since both Ba 
and Ba are both incompatible elements in feldspar-poor mafic rocks, they should 
show positive correlation in related rocks. Ba metasomatism would cause acatter 
as Nb is relatively immobile. The wide variability of Nb, however, especially 
In basaltic rocks from different environments, could also lead to the scatter 
of samples on this diagram. 
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Winchester and Floyd, 1977; Kay, 1984; Sun, 1980; Le Roex et al., 1983, 1985, 1987, 

1989; Fodor and Vetter, 1984). Early geotectonic models related discrete magmatic 

suites to specific environments. These simplistic models failed to adequately 

discriminate complicated geodynamic systems. For example, differences in magmatic 

chemistry have been observed between rocks emplaced at midocean ridge spreading 

axes (normal mid-oceanic ridge basalts; N-MORB) and those at flanks of such ridges 

(incompatible element-enriched mid-oceanic ridge basalts; E-MORB) (Figure 5.2). 

During rifting and seafloor spreading, hot refractory mantle regions well up, migrating 

to areas of lower pressure. This displaces geotherms upwards, resulting in zones of 

partial melting beneath ridge axes (Natland, 1989). N-MORB rocks are produced in 

such environments. Away from refractory (depleted) areas of the mantle, relatively 

undepleted areas of the mantle melt to produce E-MORB magmas. 

Similar differences have been observed in the Lau Basin where incompatible 

element-enriched back arc basin basalts (BABB of Price et al., 1990) border N-

MORB-like rocks at the centre of the basin (Hawkins and Mekhior, 1985). These 

back arc basin basalts were related to the initial stages of crustal extension (Tarney 

et al., 1977). Overlaps in magma chemistry exist between E-MORB and low 

potassium arc magmas in some back arc basins (Ikeda and Yuasa, 1989).-Mixec:t. .. _ 
- ·- ..... . - --:· 

1\ ' 
signatures have also been documented in some continental flood basalts, ~uch as the '.· 

;_: 

Karoo and those at the southeastern Brazilian continental margin (Duncan, 1987; . - · ~-

Fodor and Vetter, 1984). 

The complexity of modem geotectonic environments makes the application of 
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similar models to older rocks, such as those of the Archean, very difficult. The 

problem of defining Archean tectonic environments is compounded by complicating 

factors such as deformation, metamorphism, and hydrothermal alteration. 

The possibility that a different planetary thermal structure existed during the 

Archean compared to the present, makes matters even worse. Heat production 

during the Archean is widely believed to have been higher than today because 

radioactive elements, such as K, U and Th, were more abundant. Calculated 

metamorphic pressure and temperature regimes for Archean granulites, however, 

suggest that the Archean crust may not have been significantly thicker than it is today 

(Bickle, 1986; Wells, 1979). 

The combination of only a partial understanding of modern tectonic 

environments (Abbott and Hoffmann, 1984), a poor understanding of the thermal 

evolution of the Earth through time, and the transposition of Archean rocks from 

their primary tectonic environments, have resulted in a diversity of geotectonic 

models being proposed for Archean greenstone belts. These models range from 

island-arc settings (Goodwin, 1981; Condie, 1976,1982,1989; Sun, 1982), through back 

arc settings (Tarney et al., 1977) to oceanic rifting (Helmstaedt et al., 1986; Rivalenti, 

1976) including sagtectonics (Anhaeusser, 1975; Gorman et al., 1978). In recent 

studies, however, it has been realised that Archean volcanic suites in greenstone belts 

may represent different tectono-magmatic environments brought together by 

deformational events (Ludden and Hubert, 1984; Barley et al., 1989). Thurston and 

Chivers (1990) describe greenstone belts as tectonic collages. Recognition of bedding-
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parallel shear/fault zones in greenstone complexes enhances this view (Colvine et al., 

1984; Colvine, 1989). 

Because of the possibility of secular geochemical changes, Arculus (1987) 

warned against the assumption that trace element discrimination diagrams employ!!d 

for tectonic study of modem volcanic rocks can be unambiguously applied to 

substantially older rocks, such as those of the Archean. Chemical differences between 

Phanerozoic and Precambrian shales have been interpreted as possible evidence for 

secular crustal growth and evolution of the continental lithosphere (Taylor and 

McLennan, 1985). Secular chemical change in the composition of the Earth is still, 

however, a very controversial subject. For instance, studies such as those of Sun 

(1982;1987), Nesbitt and Sun (1976) and Jahn and Sun (1979) have been unable to 

confirm secular chemical change. 

Phanerozoic MORB compositions suggest that basaltic rock compositions are 

dependent on the source composition, the degree of partial melting, and the physical 

and chemical conditions under which melting occurred. Perhaps one of most 

important characteristics of these rocks is the uniformity in their overall geochemical 

composition, despite their age. This uniformity makes the possibility of secular 

chemical change in the derived partial melts difficult to conceive. If the chemical 

composition of the Earth has changed through time (Taylor and McLennan, 1985) 

in response to crustal growth and continental lithospheric evolution, it should be 

possible to establish an optimum length of the period required for chemical change 

to occur. This could be done by examining the geochemistry of basaltic rocks 
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emplaced throughout geological time. Because secular change cannot be observed in 

basaltic rocks spanning the Phanerozoic era, this optimum period of secular change 

is unknown. The lack of secular chemical variation in Phanerozoic basaltic rocks 

suggests, therefore, that basaltic rock compositions over time have varied only as 

function of the degree of melting, depth, and physio-chemical conditions under which 

they were derived. Older rocks that formed under similar conditions as modern rocks 

would show the same chemical characteristics. Similar views have been expressed by 

Abbott and Hoffman (1984). 

Christensen (1984) also suggested that heat flow during the Archean may not 

have been different from modem day heat flow, which implies that temperature

dependent geodynamic processes were the same in the Archean as they are today. 

Since mantle sources from which different basaltic rocks were derived, are chemically 

heterogeneous (Joron and Treuil, 1989), differing enrichment and/or depletion of 

these sources may have existed at different locations of the mantle at any given time. 

Thus, it is concluded that with appropriate modifications, modern tectonic element 

discrimination diagrams can be used in studying the chemical characteristics of 

Precambrian rocks. The main application of these diagrams is to distinguish between 

different magmatic suites within any group of rocks that were derived under different 

physical and chemical conditions, and/or from different sources. Appropriate element 

discrimination diagrams, similar to those used for modern magmatic suites, will be 

employed in this study to investigate geochemical characteristics of mafic and 

granitoid rocks within the Tati Greenstone Belt. 
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5.3.2 Major Element Geochemistry 

Major and trace element data for selected ultramafic-mafic rock samples from 

the Lady Mary Group of the Tati Greenstone Belt are summarised in Table 5.1. The 

data show that the majority of these samples have Si02 contents ranging from 48 to 

54 wt%, Al20 3 > 12 wt% and MgO+CaO between 12 and 20 wt%. When plotted on 

Jensen's (1976) cation plot, these rocks range in composition from high magnesian 

to high iron tholeiitic basalts (Figure 5.3). The compositional range is, however, 

restricted, suggesting limited magmatic differentiation. Two samples (AR 45 and 207 

on Table 5.1) fall outside the common trend and plot in the basaltic komatiite field 

(Figure 5.3). These two samples have low alumina contents ( <7 wt%) and high 

Ca0/Na20 and Ca0/Al20 3 ratios {>22 and >1, respectively) (Table 5.2). They also 

have the highest Cr and Ni contents, and low Sr contents (Table 5.1). Overall, the 

two samples are similar to komatiites from the Barberton Mountain Land Greenstone 

Belt (Jahn et al., 1982). 

During the early stages of tholeiitic magmatic differentiation, Fe and Ti 

preferentially concentrate into the melt because the first crystallizing phases such as 

olivine, are Fe and Ti-poor. Thus in the early stages of crystallization of a tholeiitic 

magma, both the FeO./MgO ratio and Ti02 contents will increase in the residual 

melts. Diagrams defining the distribution of these ratios can be used to assess the 

degree of magmatic differentiation (Le Roex et al., 1985). Figure 5.4, although 

showing some scatter, clearly demonstrates the covariation of the two parameters in 

mafic rocks from the Lady Mary Group. The samples with the lowest Mg# have high 
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PK= Peridotite komatiite 

BK=Basaltic komatiite 
HMT =High-mg tholeiite 

HFT =High-Fe tholeiite 

CB=Calc-alkaline basalt 
CA=Calc-Aikaline andesite 

TA=Tholeiite andesite 

TO= Tholeiite dacite 

TR=Tholeiite rhyolite 

CD=Calc-alkaline dacite 
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MgO 

Figure 5.3: Jensen (1976) cation plot of mafic rocks from the Lady Mary Group, 
Tati Greenstone Belt. Solid squares are samples from the Old Tati area, open 
circles are samples from the Tati River Subzone of the Tati Belt near 
Francistown, crosses are samples from the Matsiloje area, solid diamonds are 
mafic dykes. Other symbols are samples from modern oceanic environments after 
Le Roex et al. (1985) and Viereck et al. (1989). 



Table 5.2: Element ratios of mafiC roci<s of the Lady Mary Group. 
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Ti02 contents suggesting that such samples are indeed evolved. The covariation of 

these two parameters is also consistent with transition metal abundances. 

Sun et al. (1979) used diagrams of AI20ffi02 and Ca0/fi02 vs. Ti02 to 

assess the degree of mantle partial melting involved in the formation of relatively 

unfractionated MORB rocks. At lower degrees of partial melting, Ti will act as an 

incompatible element and will preferentially concentrate in the melt. Ca and AI will 

be buffered by residual phases pyroxene, garnet, plagioclase and spinel, leading to 

lower Ca0/fi02 and Al20ffi02 ratios in the melt. Higher degrees of melting would 

lead to higher ratios, approaching the chondritic values of 17 and 20 respectively, as 

more calcium and aluminum enter the melt. Figures 5.5a and 5.5b show that the Lady 

Mary Group mafic rocks range from very high Ca0/fi02 and A120 3/fi02 ratios and 

low Ti021 to lower ratios and high Ti02• These diagrams also suggest that the rocks 

can be divided into three subgroups. The subgroups are; (1) rocks with low Ti02 

contents and AI20{fi02 and Ca0/fi02 ratios greater than chondritic values; (2) 

rocks with A120ffi02 and Ca0/fi02 ratios that are lower than chondritic averages; 

and 3) rocks of komatiitic affinity with A120ffi02 ratios <7 and Ca0/A120 3 ratios 

>1.5. 

Le Roex et al.'s (1985) P-MORB value (Figure 5.5a) and Viereck et al.'s 

(1989) average N-MORB compositions (Figure 5.5a) are also plotted on the same 

diagram. These MORB subtypes fall in the same trend defined by the Lady Mary 

Group mafic volcanic rocks. P-MORB, as used by Le Roex et al. (1985), refers to 

plume-type mid oceanic ridge basalts similar to E-MORB. 
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Figure 5.5a: AI203/TI02 vs. Ti02 diagram showing the inverse relationship 

bewteen AI203/TI02 ratios and Ti02 contents In mafic rocks of the Lady Mary 

Group. Most samples define a tight curve from rocks with AI203/TI02 ratios 

higher than the average chondritic ratio of 20, to rocks with ratios between 

1 0 and 20. Three magmatic suites are defined: (A) rocks with low TI02 and 

AI203/TI02 ratios higher than chondritic average ratios; (B) rocks with 

AI203/TI02 between 1 0 and 20; and (C) rocks with low Tl02 and very low Al203/ 

Ti02 ratios (<10). Plot symbols are cs follows: Inverted open triangle= 

N2-MORB; (+) = N1-MORB (after Viereck et al., 1989); (•) = P-MORB (after Le 

Roex et al., 1985); • = samples from Old Tati area; x = samples from the 

Matsiloje area; and (o) =· samples from Tati River Subzone. 
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Figure 5.5b: This diagram illustrates a similar inverse relationship to that in 

In Flgure5.5a. This relationship is a common characteristic of partial melts 

derived from mantle sources, and thus Is a measure of the degree of partial 

melting In unfractlonated basaltic rocks. The scatter Is apparently due to 

alteration as Indicated by correlation with LOI values. The dotted line is Sun 

et al. 's (1979) chondritic average which separates the rocks into those with 

high Ti02 contents and Caomo2 ratios which plot above the line. Symbols 

as on Figure 5.5a; note the three groups are not as well defined as on Figure 

5.58 due to cao mobility. 
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5.3.3 Trace Element Geochemistry 

The discussions that follow are based mainly .on the relative distributions of 

trace elements as illustrated on element normalized diagrams. These diagrams include 

Sun and McDonough's (1989) mantle normalized diagrams, Thompson et al.'s (1984) 

spidergrams, and Hoffman et al.'s (1986) Masuda-Coryell diagrams. 

On element normalized diagrams (e.g. Figure 5.2), elements are plotted on the 

basis of their decreasing incompatibility (i.e. Rb to Lu) relative to mantle mincralo!,ry 

(Wood et al., 1979). Although different types of normalized diagrams can be designed 

using different combinations of elements, the elements most commonly plotted are 

those whose bulk partition coefficients (D) between modal mantle mineralot:,ry and 

basaltic magma are generally less than one. Such elements are preferentially 

partitioned into melts during both partial melting and crystal fractionation. They are 

therefore referred to as hygromagmaphile (HYG) elements by Wood et al. (1979). 

Elements range from more-HYG, on the left side of the diagrams, to less

HYG on the right (Briqueu et al., 1983; Joron and Treuil, 1989). Figure 5.2 illustrates 

that the relative hygromagmaphile character for elements such as Nb, Zr and Y 

increases from Y through Zr to Nb. Ratios of Y/Nb, Zr/Nb and Zr/Y define ratios 

between less-HYG and more-HYP. elements, between mid-HYG and more-HYG 

elements, and between mid-HYG and less-HYG elements, respectively. These ratios 

were presented on ternary diagrams by Le Roex et al. (1983,1985,1989) and Foder 

and Vetter (1984). On the basis of these ternary diagrams, basalts from the 

southwestern Indian Ridge (Le Roex et al., 1983) and the southern Brazil margin 
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(Foder and Vetter, 1984) were subdivided into three MORB subtypes. N-MORB 

(normal mid oceanic ridge basalts) have Zr/Nb and Y/Nb ratios greater than the 

chondritic averages of 16 and 6.5, respectively: E-M ORB (enriched mid oceanic ridge 

basalts) have lower ratios, and T-MORB (transitional mid oceanic ridge basalts) have 

characteristics intennediate between the other two. 

Mafic volcanic rocks of the Lady Mary Formation have Zr/Nb ratios averaging 

17, which approximate Le Roex et al.'s (1985) average chondritic value of 16. The 

average Y/Nb ratio of 4.8 is, however, lower than the chondritic value of 6.5. The 

Zr/Y average ratio of 3.6 is greater than the chondritic value of 2.5 (Tables 5.2). 

Figure 5.6a (a Zr/Nb-Zr/Y-Y/Nb ternary diagram) shows element distribution 

patterns for Tati Greenstone Belt ultramafic-mafic volcanic rocks and their plutonic 

equivalents. These rocks plot between the fields of modem P-MORB and N-MORB. 

The trend is displaced towards higher Zr/Nb and lower Y/Nb ratios. Based on this 

diagram, the Tati Greenstone Belt mafic volcanic rocks appear to have geochemical 

features similar to N-MORB, since they cluster near the N-MORB field. Figure 5.6b 

illustrates element distribution patterns for komatiites and tholeiitic rocks from the 

Barberton Mountain Land Greenstone Belt (data from Jahn et al., 1982). The Tati 

Greenstone Belt data field is defined by a circle. The diagram indicates that the 

majority of the Barberton rocks also fall in the field of Tati rocks. The Barberton 

rocks, however, also spread from the Tati field towards the Zr/Y corner (Figure 

5.6b). This is similar to modem oceanic rocks which extend from the field of N

MORB to that of P-MORB (Le Roex et al., 1985). 
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Figure 5.6a: Zr/Nb-Zr/Y-Y/Nb diagram of mafic samples from the Lady Mary 

Group of the Tati Greenstone Belt illustrating variations in the Zr/Nb, Zr!Y 
and Y/Nb ratios relative to modem oceanic environment rocks such as 
N-MORB subtypes (square field) (Viereck et al., 1989), and P-MORB (Le Roex 

et al., 1985; asterisk symbol). Small square symbols are Tati rocks of 
komatiitic affinity. Rocks from the Tati Belt cluster around the N-MORB field 

and are slightly displaced towards the Zr!Y-Zr/Nb tie line. Komatiites are 

the most displaced due to their low Y contents. 
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Figure 5.6b: Tati Greenstone belt field (large circle) overlaps 
the field of Barberton Mountainland Greenstone Belt komatiites 
and tholeiites. The square symbols are basaltic komatiites 
diamonds are peridotitic komatiites, open circles are tholeiitic rocks; 
data from Jahn et al. {1982). Samples with x symbol outside the 
circle are rocks of komatiitic-affinity and the x-sample inside circle is AR 
204; all of the Tati Belt. · 
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The significance of the Zr, Y and Nb ratio diagrams was evaluated by Myers 

and Breitkopf (1989). They showed that, although these diagrams could distinguish 

between enriched and normal MORB subtypes, they were unable to separate rocks 

from the southwestern Indian Ridge (an oceanic environment) from those from the 

southern Brazil margin (continental environment). They, therefore, suggested that a 

multi-element Nb-normalized diagram, using elements Nb, La, Ce, P, Zr, Ti andY, 

would produce better discrimination between different magma types. On such a 

diagram, elements are doubly normalized to both element concentrations in tht 

reference material (e.g. Primitive mantle) and to the Nb content in the rock sample 

being studied. This facilitates the recognition of subtle differences between rocks 

which may not otherwise be apparent on the Le Roex et al.'s (1985) ternary ratio 

diagram. 

On a Nb-normalized diagram (Figure 5.7), rocks derived from an enriched 

mantle source which contains high Nb will plot below the reference line of one, 

whereas, those from a depleted source will plot above the reference line. Rocks with 

decoupled Nb contents, relative to such elements as the LREE, or more specifically 

samples with negative Nb anomalies, may show high positive deviation in the more

HYG elements relative to Nb. The slope between La and Ce on these diagrams is 

diagnostic, being positive for LREE-depleted and negative for LREE-enriched rocks. 

The slope between Ti and Y is also diagnostic, positive for depleted and negative for 

enriched rocks. 

Figure 5. 7 illustrates the variation of Tati Greenstone Belt ultramafic-mafic 
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Figure 5.7a: Nb-prlmltive mantle-normalized diagram comparing some 

mafic rocks from the Lady Mary Group with modern oceanic rocks 
(P-MORB from Le Roex et al., 1985, and N-MORB subtypes from Viereck 
et al., 1989 ·normalizing factors from Wood et al. (1989)). 
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Figure 5.7b: Nb·prlmitive mantle-normalized diagram showing samples 

with strong LREE-enrlchment. Normalizing factors from Wood et al. (1979). 
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Figure 5.7c: Nb-primitive mantle-normalized diag:am for some mafic rocks 

from the Lady Mary Group of the Tati Greenstone Belt. Normalizing factors 

from Wood et al. (1979). 
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Figure 5.7d: Nb-primltive mantle-normalized diagram for samples with komatlltlc 
affinity. Normalizing factors from Wood et al. (1989). 
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rocks on Nb-normalized diagrams. P-MORB values (Le Roex et al., 1985) and N-

MORB subtypes from Viereck et a1.(1989) are also plotted. On this diagram the 

relatively high Nb contents of modem P-MORB is indicated by all the other elements 

plotting below the reference line. N-MORB subtypes plot above the reference line 

(Figure 5.7a). The Nb-normalized diagrams define some interesting broad 

characteristics for the Lady Mary Group rocks, indicating: 

1. Rock samples with Nb dep~etion relative to LREE (samples AR 151 and 

AR 152). These samples also have negative slopes between La and Ce and positive 

slopes between Ti andY (Figure 5.7b). Negative slopes between La and Ce suggest 

LREE enrichment and, when taken together with Nb depletion relative to the LREE, 

indicate characteristics similar to modem island arcs. On the other hand, positive 

slopes between Ti andY would indicate, in simple cases, enrichment in less-HYG 

elements (compatible) relative to the more-HYG elements (incompatible). This will 

result in a convex upward normalized element pattern (MORB in Figure 5.2). The 

positive slopes between Ti and Y result from the fact that Ti is more incompatible 

than Y. The two patterns taken together would therefore suggest that these rocks 

were derived from a previously depleted source that was subsequently enriched 

before renewed partial melting. 

2. Samples whose Nb contents are not very much different from N-MORB and 

have LREE-depleted abundances (samples AR 204, and AR 193). These samples 
.· 

also contain positive to flat slopes between La and Ce, and between Ti and Y (Figure 

5.7c). The combination of these two positive slopes and the normal to slightly 
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depleted Nb contents relative to LREE is indicative of depletion in the more-HYG 

(incompatible elements) relative to the less-HYG (compatible elements). Normalized 

element diagrams of such patterns (Figure 5.2) are characteristic of modern MORB. 

Samples AR 47 and AR 50 have flat slopes between La and Ce and between Ti and 

Y (Figure 5.7a).These samples also show high Zr/Nb, Y/Nb and low Zr!Y ratios 

(Table 5.2) and may belong to this subgroup. 

3. Samples AR 207 and AR 45 have Nb-enrichment relative to all the other 

elements. These samples have a small negative slope between La and Ce and a flat 

to negative slope between Ti andY (Figure 5.7d), and also high Ca0/Na20 and low 

Al20 3 ratios. These samples have characteristics typical of alumina-depleted 

komatiites. The chemistry of these samples, such as depletion of Y, AI and the 

HREE, suggests derivation from the partial melting of a very deep source in which 

garnet was residual (Ohtani, 1990). The three groups defined in this section are 

similar to those suggested by major element geochemistry (Figures 5.5a and 5.5b ). 

5.3.4 Rare Earth Element Geochemistry 

Major and trace element distributions consistently suggest the presence of at 

least three magmatic suites within Lady Mary Group ultramafic-mafic rocks, viz.; (1) 

low-Ti, high-CaO tholeiitic rocks, (2) basaltic komatiites and (3) rocks with 

characteristics similar to modem MORB. Consideration of each individual normalized 

REE diagram for a considerable number of samples can be overwhelming and 

confusing at times. Even where representative samples are chosen for consideration 
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on these diagrams, as is done in most studies, it is still necessary to go over all the 

samples in order to pick the most representative. Normalized ratios of REE such as 

LREE/LREE (La/Ce ), LREE!MREE (La/Sm) and LREE!HREE (La/Yb) are, 

however, commonly quoted when summarizing REE variation patterns, and are 

usually presented in table form. Searching through these tables for representative 

samples can be as overwhelming as the diagrams themselves. 

These ratios can, however, be presented in a simple ternary diagram (Figure 

5.8). On such a diagram REE patterns can be shown for a large number of rocks on 

the same diagram without masking an individual rock REE pattern. It is therefore 

possible to use this diagram to select representative rocks, such as those most 

depleted or enriched in HYG elements, from any suite of rocks for petrogenetic 

modeJling. Because of the positive slopes between La and Ce in normalised diagram 

(e.g. Figure 5.2), the (La/Ce )0 ratio is less than one for rocks derived from HYG 

element depleted sources, and more than one in rocks derived from enriched sources 

(Figure 5.8). The (La/Yb )0 ratio, on the other hand, is comparatively low for rocks 

derived from enriched sources (less than one), and vice versa for rocks derived from 

depleted sources. (La/Sm)0 ratios vary very little between rocks from depleted and 

enriched sources by virtue of the mid-REE character of Sm. Basaltic rocks, such as 

those from oceanic environments, plot along a curve extending from the (La/Yb )
0 

ratio corner to the (La/Ce)0 ratio comer, convex towards the (La/Sm)0 ratio side. 

Tati Greenstone Belt ultramafic-mafic volcanic rocks and their plutonic 

equivalents plot between the fields of modem N-MORB subtypes and P-MORB. 
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Figure 5.8: (La/Ce)n-(La/Sm)n-(La/Yb)n diagram showing the distribution 

of chondrite-normalized REE ratios in mafic rocks from the Lady Mary 

Group of the Tati Greenstone Belt. Also plotted are modern oceanic 
basaltic rocks, (P-MORB from Le Roux et al. 1985, and N-MORB subtypes 
from Viereck et al., 1989). Plot symbols as on Figure 5.5. 
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Thus the source for these rocks has characteristics intermediate between depleted 

and enriched end me:c1bers. Traditional chondrite-nonnalized REE diagrams (Figure 

5.9) indicate variations from REB-enriched patterns in the low-Ti and evolved basalts 

(Figure 5.9a) to flat/slightly depleted (LREE) patterns in komatiites, and relatively 

unfractionated normal basalts (Figures 5.9b and 5.9c) in the Tati Greenstone Belt 

rock samples. REE contents of Tati Greenstone Belt ultramafic-mafic volcanic rocks 

vary from about 10 to lOOx chondritic abundances. 

Rocks with komatiitic affinities (samples AR 45 and AR 207) are relatively 

depleted in HREE (Figure 5.9c), which is also consistent with their Ti/Y ratios (Table 

5.2). The slight enrichments in the LREB (Figure 5.9c), in addition to the depletion 

in Y, AI20 3 and HREB, are consistent with the presence of garnet in the residuum 

(Ohtani, 1990). Figure 5.9d compares those Tati Greenstone Belt rocks with flat to 

slightly LREE depleted patterns, to modern N-MORB subtypes. Although the Tati 

rocks have flat REB patterns, they overlap with modern MORB REB patterns. A 

similar comparison can be made between the P-MORB from the southwestern Indian 

Ridge of Le Roex et al. (1985) and LREB-enriched rocks of Tati Greenstone Belt 

(Figure 5.9e). Although the decrease in abundances from LRBE to HRBE is similar, 

the Tati rocks are slightly concave upwards in their RBE patterns. 

Figure 5.9f compares all the geochemical subgroups within the Lady Mary 

Group ultramafic-mafic rocks. Further differences • between the three main 

geochemical groups of the Tati rocks are illustrated by elemental patterns on 

primitive mantle normalized diagrams (Figure 5.10a-d). Figure 5.10a compares the 
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Figure 5.9a: Chondrlte nonnallzed REE patterns for LREE-enrlched rocks 
from the Tatl Rlvar Subzone of the belt, about 15 kilometres south of 
Franclstown. Nonnallzlng factors are from Sun and McDonough (1989). 
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Figure 5.9b: Chondrlte nonnallzed REE diagram for some mafic rocks from 
Lady Mary Group. These three samples (two are from the Old Tall area, 
aampiN AR 193 and AR 204, and one Ia from near Franclstown, sample AR 47) 
are part of a suite that shows flat to alight LREE depletion. Nonnallzlng 
factora are from Sun and McDonough (1989). 
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Figure 5.9c: HREE-depleted rocks of komatiitic affinity from both the Old Tati 
area and the Westem Zone of the belt. Normalizing factors from Sun and 
McDonough (1989). 
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Figure 5.9d: Comparison of chondrite-normalized REE patterns of the 
mafic rocks from the Lady Mary Group, Tati Greenstone Belt that have 
flat to depleted LREE pattems with average compositions of N-MORB 
subtypes from Viereck et al. (1989). Normalizing factors from Sun and 
McDonough (1989). 
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Figure 5.9e: Comparisons of the chondrite-normalized REE patterns 
for LREE-enrlched mafic rocks of Tati Greenstone Belt and P-MORB 
from Le Roux et el. {1985). Normalizing factors as before. 
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Figure 5.9f: Comparisons of chondrlte-normallzed REE patterns from 
the different groups shown In Figures 5.9a to 5.9c. Normalizing factors 
as before. 
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flat to depleted Tati rocks with the average compositions of Viereck et al.'s (1989) 

N-MORB subtypes. The patterns are similar except for higher contents of Ba and Sr 

in the Tati rocks. Figure 5.10b shows rocks with flat to depleted LREE patterns. 

Figure 5.10c shows the normalized elemental patterns of the LREE-enriched Lady 

Mary Group rocks. These rocks contain negative anomalies in the TNT elements (Ta, 

Nb and Ti), a feature common in modem island arc rocks. Figure 5.10d shows 

normalized elemental patterns for the komatiitic rocks of Tati Greenstone Belt. 

These rocks, apart from showing depletion in Sr, also have a negative sloping pattern 

from Ba to Lu. High values of Th and U in element normalized patterns of the Tati 

komatiites are illustrated on Figure 5.10d. The elevated concentrations of these 

elements is ~ yet unexplained. 

5.3.5 Discussion 

In Chapter 4, structural analysis indicated that the stratigraphy in the Tati 

Greenstone Belt can summarised as three fault-bound volcano-plutonic sequences. 

One of these sequences, the Lady Mary Group, consists dominantly of ultramafic

mafic volcano-plutonic rocks in which three main magmatic suites can be recognised: 

(1) basaltic-komatiites, (2) modem MORB-like rocks and (3) LREE-enriched rocks. 

The spatial distributions of these rock suites suggests that MORB-like and komatiite 

rocks are surrounded by LREE-enriched rocks. A second observation is that the 

tholeiites and komatiites in the Old Tati are geochemically indistinguishable from 

similar rocks in the Tati River area, therefore, they all constitlJte the Old Tati 
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Figure 5.1 Oa: Prlmltive-manUe nonnallzed extended trace element diagram 
comparing rocks of the Lady Mary Group with flat to depleted REE patterns and 
average modem N-MORB subtypes from Viereck et al. (1989). Nonnalizing 
factors are from Sun and McDonough (1989). 
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Figure 5.1 Ob: Primitive-manUs nonnallzed extended trace element diagram for 
mafic rocks from the Lady Mary Group with flat to depleted REE pattems. These 
rocks show flat patterns, although sample AR 204 has high Th and U, and they 
lack the Nb-Ta negative anomaly of the LREE-enriched rocks (Figure 5.10c). 
Normalizing factors as before. 
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Figure 5.10c: Primitive-mantle normalized extended trace element diagram of the 
LREE-enriched Belt mafic rocks from the Lady Mary Group that show depletions 
in TNT elements (Ta, Nb and Ti), relative to other incompatible elements (eg. 
Th, U and LREE), a common feature of low-K basalts of modem island arcs. 
Normalizing factors as in Figure 5.108. 

100 
0 AR45 • AR207 

.1 

Figure 5.10d: Primitive-mantle normalized extended trace element diagram for 
komatiitic rocks from the Lady Mary Group. These rocka are depleled in the 
HREE and Sr; features common to Al-deplel8d komatiitee. Normalizing factorlas 
in Figure 5.1 08. 
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Formation of the Lady Mary Group. 

Geochemical features of th~ basaltic rocks in the Lady Mary Group can be 

summarised as follows: 

(1) Ce/Pb, Rb/Cs and Nb/U ratios average 9, 25 and 33, respectively (Table 

5.2). These values are very low compared to those in modem oceanic environments 

(MORB and Offi) which are fairly constant at 25, 80 and 47 respectively (Newsom 

et al., 1986; Hoffmann et al., 1986). Ratios for Tati rocks are, however, similar to 

primitive mantle or Bulk Silicate Earth values (9, 20 and 30 respectively; Hoffmann 

et al., 1986). 

(2) Some Lady Mary Group ultramafic-mafic vobmic rocks have generally 

elevated concentrations of incompatible elements. High-Mg basalts in Archean 

greenstone belts generally have elevated contents of incompatible elements (Barley, 

1986; Condie, 1985). Condie (1985) suggested that high Th and Zr contents in 

Archean basaltic rocks, compared to modem island arc basalts, may be related to 

differences in the degree of partial melting of the source. As such, melting in the 

Archean would result in the enrichment of these elements in the magma. Barley 

(1986), however, suggested that elevated contents of incompatible elements in high 

Mg Archean basalts may be due to secondary processes as Archean high Mg-basalts 

would be more susceptible to secondary processes (hydrothermal alteration and 

contamination). 

The mafic volcanic rocks in the Archean Tati Greenstone Belt had previously 

been described as members of the same magmatic suite. The most interesting and 
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important observation from the geochemical data derived in this study is that 

different magmatic suites can be identified in the Lady Mary Group. These magmatic 

suites have geochemical signatures that are similar tu those of modern tectonic 

environments. 

The main emphasis of models which suggest that different geodynamic 

processes occurred in the Archean, as compared to the Phanerozoic, centre around 

the problem of heat dissipation. Higher heat flow in the Archean is believed to have 

caused the restriction of komatiites to the Archean. Basaltic komatiites, however, 

have modem analogues in boninites (Cameron et al., 1979), and, data emerging from 

recent research on Archean greenstone belts (e.g. Ludden et al., 1984), suggest that 

komatiite- bearing magmatic suites may not be the oldest rocks in these terranes, but 

may have been emplaced sometime later in the tectonic cycle. A similar model was 

suggested for lunar komatiite-like rocks by Ringwood et al. (1986). 

A further observation from this study is that geochemical differences between 

Archean ultramafic-mafic igneous rocks and those of the Phanerozoic tectonic 

environments may result from an oversimplification of the complex Archean 

greenstone belt lithostratigraphy, through the averaging of rock compositions from 

different tectono-magmatic terranes. 

5.4 Geochemistry or .Granitoids or the Tati Greenstone Belt 

5.4.llntroduction 

There are two widely used granitoid classification schemes. The first, proposed 
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by Chappell and White (1974), subdivides granitoids into genetic subgroups. In this 

classification, granitoids are commonly subdivided into S-type derived from partial 

melting of a sedimentary rock protolith, and I-type derived from partial melting of 

an igneous protolith. Subgroups of the I-type granitoids are M-type, derived from 

differentiation of juvenile mantle-derived magmas, and A-type, derived from the 

partial melting of dehydrated re-cycled continental crustal materials (Whalen et al., 

1987). Castro et al (1990) further subdivided I and S-types granitoids on the basis of 

the degree of hybridization between mantle and crustal derived magmas. In this 

model, granitoids are classified by the type of the dominant component in the hybrid 

magma Whalen et al. (1987) pointed out that I and S-type granitoid compositions are 

dependent on the geochemical signature of the protolith. They further pointed out 

that in felsic granites (Si02 > 74 wt% ), the restite component is minimal and 

mineralogical/ chemical compositions of the different types of the granitoid converge, 

making classification into I and S subgroups difficult. 

The second most widely used granitoid classification is that proposed by 

Pearce et al. (1984) based on a statistical analysis of compiled chemical data on 

granitoids from different tectonic settings. In this classification granitoids are 

subdivided into Within-plate granitoids (WPG), Volcani,~-arc granitoids (VAG), Syn

collision granitoids and Oceanic granitoids. The classification of granitoids into these 

tectonic groups is based on the use of a series of discriminant diagrams. 

Both the mineralogicai/chemical classification scheme (Chappell and White, 

1974) and the chemical tectonic discriminant diagrams (Pearce et al., 1984) are 
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utilized to describe Tati Greenstone Belt granitoids. Following Mason (1970), Key 

(1976) classified granitoids of the Tati Greenstone Belt into four groups (Gl-G4) on 

the basis of mineralogical composition, metamorphic characteristics and field relations 

(Figure 3.2). G1 and G2 granitoids are mainly tonalite plutons and gneisses and were 

descnbed as the oldest units in the belt. These generaHy intrude the margins of the 

Tati Greenstone Belt. G3 granitoids, on the other hand, consist of granites and 

adamellites, descnbed as having been derived from granitization of the old crustal 

rocks. G4 granitoids intrude volcano-sedimentary rocks of the belt. 

Key's (1976) classification further suggested that granitoids in the Tati 

Greenstone Belt are homogenous plutons. Based on mapping during this study, this 

is clearly not the case. Some batholiths, such as the Tati Batholith, are composite 

bodies consisting of a number of intrusive plutons. 

5.4.2 Sampling 

This study encompasses the majority of granitoids in the Tati Greenstone Belt 

(Figure 5.11), including a total of about 10 individual bodies as described in Chapter 

3. A total of 35 samples were collected from 9 of ihe 10 granitoid bodies; the 

majority of the samples (14) were taken from the Tati batholith. 

5.4.3 Major Element Geochemistry 

Tati Greenstone Belt granitoids have a wide range of silica contents, from 48.0 

wt% to about 77 wt% (Table 5.3). When plotted on Le Maitres' (1989) QAP diagram 



I 

I 
I 
I 
I 
\ 

' 

I /If' 

I \ 

I ' 
\ ' ' . ---- ·-

> \ 
\ 
\ 

\ 

\ 
\ 
\ 
I 
\ 
\ 

\ 
\ 

\ 
X 9 \ 

\ 

TTB 

''~.:::, 

.-----
\ / 
' / ...._ _ / 

Figure 5.11: Geolopical map of the Tati Greenstone Ben showing the distribution of granitoids. 
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T~le5.~ Geochemical data ~rgmnloldroclcs. 
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0 .12 0 .13 0.02 0.04 0.02 0.10 0.09 0.03 0.08 0.31 0.33 
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(Figure 5.12), Tati Greenstone Belt granitoids fall in the tonalite-granodiorite-

monzogranite fields. O'Conner (1965) modified the Ab-Or-An ternary diagram in 

order to classify granitoids on the basis of the type of feldspar. On O'Conner's (1965) 

diagram (Figure 5.13), the Tati Greenstone Belt granitoids fall within the tonalite

trondhjemite-granodiorite-granite fields. On a K-Na-Ca ternary diagram (Figure 5.14 ), 

these rocks show both sadie (Na-enrichment) and potassic (K-enrichment) trends of 

Hunter (1979). These two trends, suggest the possible presence of different 

petrogenetic suites. 

Granitoids with a sodic trend (AR 60, 63, 128, 150. 188, 234 and 245) generally 

have high nonnative Ab (32-42 wt% ), and wide range of normative Or, from zero to 

19 wt%. These granitoids also have alumina values of 14.1-17.3 wt% with silica ranges 

of 52.4-71.1 wt%. The K20/Na20 ratios of these rocks are low,< 0.75. A subgroup 

of these alumina-rich granitoids (AR 234 and 245) have moderately high Mg-numbers 

( 60-73), relatively low silica contents ( 53.1-55.5 wt% ), and alumina values greater than 

both Na20+ K20 and CaO+ Na20+ K20 values. These granitoids have virtually no 

normative Or, comparatively low Ab (21-22 wt% ), low normative Q, and high modal 

mafic mineral contents. Although the main mafic minerals are biotite and 

hornblende in these rocks, hypersthene~ is also present in small amounts. 

The second group of granitoids follow the potassic trend on the K-Na-Ca 

diagram (Figure 5.14) (samples AR 55, 65, 81, 142, 143, 145, 181, 232 and 246). They 

have relatively low alumina values (10.8-14.1 wt%), with silica contents ranging 

between 69.9 to 76.5 wt%. Although these granitoids have widely variable K20/Na20 
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Figure 5.12: QAP mesonorm plot of Tati Greenstone Belt granitoids. Plot symbols 
are: X = Tati Batholith rocks; Open circle = Granodiorite dyke within 
Phenalonga Group rocks; Open square= Selkirk Igneous Complex rocks; Upright 
open triangle = Southern Tati Pluton; Asterisk = Matsiloje Batholith; Cross 
= Hillview Pluton; Closed circle = Ramokgwebana megacrystic feldspar granite; 
Closed square = Mphoeng Plutonic Complex; Inverted triangle = Airport Pluton 
(diagram after Le Maitre (1989), Fig 8.4). 
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Figure 5-13: O'Conner's (1965) Ab-Or-An norr:n ternary plot for 
Tati Greenstone Belt granitoids. Most of the rocks plot near the 
field boundaries of tonalite-trondhjemite-granodiorite (TTG) and 
and trondhjemite-granite. Symbols are Tati Batholith (crosses), 
Airport pluton (open circles), northern part of the belt (open 
diamond), Selkirk Igneous Complex (filled squares), Mphoeng 
Pluton Complex (open squares), Matsiloje Batholith (open 
triangles), HiiMew Pluton(*), Trondhjemite dyke (solid circle) 
and Southern Tati Pluton(+). 
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Figure 5.14: K-Na-Ca ternary plot (after Nockolds and Allan, 1953) ofTatl 

Greenstone Belt granitoids. These rocks define two trends towards either the Na 

or K comers. The solid and dashed outlines define the potassic and sodtc trends 

of the Ancient gneisses of Swaziland and within greenstone belt granitoids 

of the Zimbabwe Craton, respectively, as defined by Hunter (1979). 

Symbols are Tati Batholith (x), Airport Pluton (o), Selkirk Igneous Complex 

(solid squares), Granitoids north of the belt (open diamond), Mphoeng 

Plutonic Complex (open squares), Hillview Pluton(*), Southam Tati Pluton(+) 
trondhjemite dyke (solid circle) and Matsiloje Batholith (open triangle). 

182 



183 

ratios, most of the samples have generally high ratios (>0.75). Normative Or is also 

quite variable (10-29 wt% ), whereas normative Ab and Q are relatively very high at 

22-38 wt% and 30-43 wt%, respectively. These are two feldspar granitoids and they 

plot within the granodiorite-monzogranite fields (Figure 5.12). 

A subgroup of these granitoids have silica contents between 71.4 and 72..6 

wt%. These are the only granitoids (Samples AR 55, AR 142 and AR 145) in the belt 

with KzO contents higher than Na20 contents. They also have very low Mg-numbers 

(22.5-31.2) and the lowest alumina contents (12.3 to 13.1 wt%) of all granitoids of the 

Tati Greenstone Belt. 

All of the Tati Greenstone Belt granitoids contain average molecular 

AI20;y'(Ca0+Na20+K20) ratios of 1.09±0.33 and have AI20;y'(Na20+K20) ratios 

> 1. The molecular ratios K20/(K20+ NazO) are less than 0.35, with an overall 

average ratio of 0.26±0.15. According to the classification scheme of Debon and Le 

Fort (1988), such a ratio indicates that these rocks are sadie granitoids. The chemistry 

of these rocks is therefore, consistent with the observations of Hunter (1979) that 

greenstone-related granitoids are generally sodic. 

The two main groups of Tati Greenstone Belt granitoids are similar to Arth's 

(1979) high and low alumina-type granitoids. High alumina-type granitoids contain 

AI20 3 > 15 wt% at 70 wt% Si02• The low alumina-type group, on the other hand, has 

AI20 3 less than 14 wt% at 75 wt% Si02• Using this concept, Barker (1979) subdivided 

Archean granitoid complexes into high and low alumina-types trondhjemites. The Tati 

Greenstone Belt granitoids with strong Na-enrichment (including high-Mg plutons) 
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would be collectively grouped under the high alumina-type granitoid class, and fall 

within the tonalite-trondhjemite field (Figure 5.12). Granodiorites of this group are 

relatively Or-poor. Gabbros and diorite plutons typical of the Tati Greenstone Belt 

that are associated with the more silicic granitoids, generally contain high CaO, Na20 

and AI20 3 contents and are, therefore, part of the high alumina-type granitoid group. 

The features of the high and low alumina-type granitoids of Tati Greenstone Belt are 

summarized on the A120 3 versus Yb diagram (Figure 5.15). 

5.4.4 Trace Element Geochemistry 

Tati Greenstone Belt granitoids, although divided into high and low alumina

types, are generally sadie granitoids with the dominant feldspar being plagioclase. 

Trace element contents, such as Sr, Ba and Rb, in these rocks vary little between the 

main groups; the variations in the granitoids are summarised on plots of K-Rb, Ba

Rb, Rb-Sr and Sr-Ba (Figures 5.16a-d). 

The K-Rb plot (Figure 5.16a) illustrates the covariation of the two elements, 

from lower abundances in mafic rocks (gabbros, diorites and mafic tonalites) to high 

contents in the monzogranites. The majority of the rocks, especially tonalites, 

trondhjemites, granodiorites and monzogranites, cluster around the high K and high 

Rb area on the K-Rb plot, irrespective of the geographic location. In general, K/Rb 

ratios for all granitoids fall between 100 and 500. The mafic tonalite unit of the Tati 

batholith (sar:.-:ple 128), however, has a much higher K/Rb ratio than the highest Jimit 

for the rest of the granitoid rocks (£!! 1000). Although, the K/Rb ratio of this sample 
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Figure 5-16a: K-Rb plot forTati Greenstone Belt granitoids. 5-16b: Ba-Rb 
plot for Tatl Greenstone Belt granitoids. Symbols: x = low alumina-type, 
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Figure 5.16c: Rb-Sr plot for Tati Greenstone Belt granitoids; indicates an 
increase in Rb/Sr ratio from mafic to felsic rocks; (d) Ba-Sr plot for Tati 
Greenstone Belt granitoids, shows a simialr trend as 5.16c. Symbols are as i 
Figure 5.16a. 
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is very high, its K content is low and, hence, the high ratio is a result of ex1remely low 

Rb content. Except for the mafic and potassic units of the Tati granitoids, the 

increase in the K-Rb contents does not show any systematic relationship to the 

increase in Si02 contents. 

The Ba-Rb diagram (Figure 5.16b) also demonstrates the covariation of the 

two elements from mafic granitoids to the sadie and potassic varieties. The Ba/Rb 

ratios ofTati granitoids fall between 2 and 20. The Rb-Sr and Ba-Sr diagrams (Figure 

5.16c and 5.16d) are the only alkali and aikali earth element diagrams that reveal any 

correspondence to the granitoid subdivisions. In general, the Sr/Ba ratios (Figure 

5.16d) decrease from about 10 in the mafic varieties to between 1 and 0.1 in the sadie 

and potassic units. The high-Mg sadie granitoids of the high alumina-type contain very 

low Rb/Sr, whereas this ratio is relatively high in the potassic units of the low-alumina 

type granitoids. Low alumina-type granitoids have the highest contents of Ba, Rb, Zr, 

Nb and Pb. They also have comparatively enriched contents of Sr, U and Y. The 

transition metals Ni and Cr are relatively low. High alumina-type granitoids, on the 

other hand, generaUy, contain high values of Ba and Sr. They also contain moderately 

high values of Ni, Cr, Zr and V and very low values of Th, U, Y, and Rb. The high

Mg subgroup contain the highest Ni and Cr values of all granitoids jn the Tati 

Greenstone Belt (Table 5.3). Sr, Ba, Zr and Rb contents are also comparatively high 

in this subgroup. 



189 

S.4.S Rare Earth Element Geochemistry 

Most of the high alumina-type granitoids of the Tati Greenstone Belt contain 

relatively low contents of the total REE (sum of total REE < 130); only sample AR 

60 has higher total REE at 187. Chondrite-normalized REE diagrams for the Tati 

Greenstone Belt granitoids are presented in Figure 5.17(a-b). The REE patterns 

indicate that the granitoids can be divided into two main groups, which correspond 

to the high and low-alumina types described above. High alumina-type granitoids 

have highly fractionated REE patterns with (La/Yb )0 ratios ranging from 22 to 38 

(Figure 5.17a) and relatively low total REE contents. La0 ranges from about 45 to 

llOx and Yb0 from 1.2 to Sx chondrite abundance. These granitoids are highly 

depleted in HREE and contain a recognizable positive Eu anomaly. 

Low alumina-type granitoids have higher total REE contents, ranging from Lan 

of about 60x to as much as 600x, and (Yb )
0 

between about lOx and 15x chondritic 

abundance. They also have relatively fractionated REE patterns on chondrite

normalized plots. (La!Yb )0 ratios for these granitoids vary between 6 and 34 (Figure 

5.17b ). These granitoids also contain pronounced negative Eu anomalies (Eu/Eu • 

between 0.2 and 0.4). 

The low alumina-type granitoids generally intrude high alumina-type granitoids. 

These latter granitoids are in contact with mafic volcanic rocks. Such relationships are 

well illustrated by the composite Tati Batholith. REE patterns for samples from the 

Tati batholith indicate a progressive change in total REE contents as REE slopes 

(Figure 5.18) increase with silica content, from flat patterns in mafic tonalites (e.g. 
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Figure 5.17a: Chondrite-normalized REE diagram for the high alumina-type 
granitoids of Tatl Greenstone Belt (normalizing values from Sun and 
McDonough (1989)). 
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Figure 5.17b: Chondrlte-normallzed REE diagram for low alumina-type Tatl 
Greenstone Belt granitoids (normalizing values from Sun and MacDonough 
(1989}). Samples AR 55 and AR 145 have KINa ratios of 1.5 and 1.3, 
respectively, and compared to the other samples, they have the largest 
negative Eu anomalies. While samples with the greatest negative Eu anomalies 
generally have higher 8102 contents, there Ia no positive correlation between 
Si02 and Eu/Eu*. 
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Figure 5.18: Chondrite-normalized REE patterns for Tati Batholith granitoid 
rocks. Numbers on curves for individual samples are Si02 contents (wt%). 
Sample AR 145 is from a satellite feldspar megacrystic granite body outside 
the borders of the batholith but which is similar to rocks that occur within 
the batholith. · i 
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AR 128); Eu anomalies also increase with silica in this batholith. Jn detail, sodic 

granitoids (samples AR 60 and 63; high alumina-type) form the margins or the 

batholith ar1d K-rich granites, the core and southern part of the batholith (samples 

AR 55 and 145; low alumina-type). 

5.4.6 Primitive Mantle-normalized Extended Trace Element Dingrnms 

Element patterns of the high alumina-type granitoids (Figure 5.19a) arc not 

as uniform as those ofthe low alumina-type. The high alumina-type granitoids contain 

variable trace element patterns that subdivide these granitoids into; (i) high HREE

bearing samples AR 60 and 63, (ii) low HREE samples AR 150 and 188, and (iii) 

high-Mg subgroup (samples AR 234 and 245) which have HREE patterns between 

the two other subgroups. The high-Mg granitoids have pronounced negative Ta-Nh 

anomalies and smaller negative Sr and Ti anomalies. The high HREE subgroup also 

has strong Ta-Nb negative anomalies and small negative Sr and Ti anomalies. The 

HREE enrichments in this group are the greatest of any in the high alumina-type 

granitoids of the Tati Greenstone Belt. The low HREE group (samples AR 150 and 

188) are highly depleted in Y and HREE and contain strong Ta-Nb negative 

anomalies and positive Sr and Ti anomalies. 

Low alumina-type granitoid rocks have trace element patterns which are 

distinctly different from those of high alumina-type granitoids on normalized extended 

trace element diagrams (Figure 5.19). The patterns for this group all show 

pronounced negative anomalies in the Ta-Nb pair, Sr and Ti. HREE are relatively 
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Figure 5.19a: Primitive mantle normalized extended trace element 
diagram for the high alumina-type granitoids of the Tati Greenstone Bell 
Samples AR eo and AR 63 are tonalitas from the Tali Batholith and, 
although, they do not plot In the high alumina-type granitoid field In Figure 
5.18, they have characteristic8 of the latter but are slightly HREE-
enriched (normalizing factors as in Figure 5.19a). · 
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Figure 5.19b: Primitive mantle normalized extended trace element diagram 
for the low alumina-type Tali Greenstone Belt granitoid& The diagram 
documents the elevated contentl of HYG elerrienbl and negative anomalies In 
TNT elementl (Ta. Nb & Tl) In thele rocks. Normalizing factors as In Fig. 5.198. 
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uniform and undifferentiated (Figure 5.19b ). Despite the overall similarities in trace 

element patterns within this group, however, potassic granitoids (samples AR 55 and 

145) have higher element abundances relative to primitive mantle. 

5.4. 7 Discussion 

General geochemical characteristics of the Tati Greenstone Belt granitoids are 

summarized in Table 5.4. 

Hunter (1979) divided the Archean granitoids of Swaziland and Eastern 

Transvaal into; (1) grey gneisses or ancient gneisses of tonalitic and trondhjemitic 

composition, (2) a granodiorite suite intrusive into the grey gneisses, and (3) diapiric 

tonalites within greenstone belts. Hunter (1~79) also suggested that K20/Na20 ratios 

increase from the older granitoids to the younger varieties. Granitoids within 

greenstone belts, on the other hand, showed a general trondhjemitic trend and as 

such follow the sodic trend on a K-Na-Ca ternary diagram. Therefore, in Hunter's 

formulation, the differences in the K20/Na20 ratios are process and source-related, \ 

rather than just time related, as suggested by other researchers. Tati Greenstone Belt 

granitoids follow both the sodic and potassic trends on a K-Na-Ca ternary diagram 

(Figure 5.14) and also plot along the trends of Zimbabwe Craton greenstone-related 

granitoids (after Hunter, 1979). These trends are similar to the calc-alkaline and 

trondhjemitic trends ~escribed by Barker and Arth (1976) for Archean granitoids in 

general. The sodic and potassic trends in granitoids of the Tati Greenstone Belt are 

also similar to the characteristics of Baker's (1979) high and low alumina-type 
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granitoids. 

High alumina-type granitoids of the Tati Greenstone Belt have similar 

characteristics to the first magmatic cycle granitoids of the Barberton Mountainland 

Greenstone Belt (Robb and Anhaeusser, 1983). According to Robb and Anhaeusser 

(1983), the first magmatic cycle varied in composition from tonalite to trondhjemite 

with low total REE, low Rb/Sr ratios and high Sr contents. The high alumina-type 

granitoids of the Tati Greenstone Belt are also similar to the grey gneisses of Finland 

(Martin et al., 1983) and group B granitoids of O'Nions and Pankhurst (1978). 

The high-Mg subgroup of the high alumina-type granitoids (samples AR 234 

and 245; Table 5.4) are similar to sanukitoids (Stem et al., 1989). Sanukitoids have 

Mg# >60, 55-60 wt% Si027 Ni and Cr > 100 ppm and strong enrichment of some 

large-ion-lithophile elements (LILE) such as the REE and also high Sr and Ba 

contents (ca >500 ppm) (Shirey and Hanson, 1984; Stem et al., 1989). Sanukitoids 

are common in the Setouchi orogenic volcanic belt of Japan (Tatsumi and Maruyama, 

1989). 

Low alumina-type granitoids of the Tati Greenstone Belt are similar to those · 

of the second magmatic cycle in the Barberton Mountainland Greenstone Belt (Robb 

and Anhaeusser, 1983). The second cycle plutons have higher total REE, low Sr 

contents and high Rb/Sr ratios. The Tati belt low alumina-type granitoids are also 

similar to the K-feldspar augen gneisses of Finland (Martin et al., 1983) and Group 

A granitoids of O'Nions and Pankhurst (1978). 

There is a general consensus in the literature that high alumina-type 
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granitoids, such as the first magmatic cycle of Robb and Anhaeusser (1983), the grey 

gneisses of Martinet al. (1983), or the group B granitoids of O'Nions and Pankhurst 

(1978)), were derived from sources in which hornblende and/or garnet were residual 

after partial melting and formation of the granitoid magmas. Hornblende in the 

residue will lead to HREE retention, more especially of the middle HREE, resulting 

in an upwards concavity in HREE patterns in the magma (Hanson, 1978). Garnet in 

the residue also leads to the depletion of the HREE in the magma (O'Nions and 

Pankhurst, 1978; Barker and Arth, 1976; Arth et al., 1978; Simmons and Hanson, 

1978; Hanson, 1978; Wyllie, 1984; Whitney, 1988; Atherton and Sanderson, 1987; 

Martin et al., 1983; Robb and Anhaeusser, 1983; Sheraton et al., 1985). 

Granitoids of the second magmatic cycle in the Barberton Mountainland 

Greenstone Belt are similar to the low alumina-type Tati granitoids. Petrogenetic 

models for these former rocks indicate the influence of plagioclase in the residue, as 

evidenced by the negative Eu anomalies and Sr depletions in the derived partial 

melts. The comparatively higher Si02 contents of these rocks also suggest a 

plagioclase feldspar-bearing source. Although petrogenetic models for the Tati 

Greenstone Belt granitoids are not presented, similar processes to those discussed 

above could have operated during their formation. 

It is interesting to observe that negative Ta-Nb anomalies exist in both the 

high and low-alumina type granitoids of the Tati Greenstone Belt. Whatever 

petrogenetic processes might be used to explain the depletion of these elements, the 

Ta-Nb anomalies may reflect a very fundamental property, perhaps related to 
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tectonic setting. For example, modern island arc volcanic rocks generally contain 

negative Ta-Nb anomalies (e.g. Wood et at., 1979). Tati Greenstone Belt granitoids 

plot in Pearce et al.'s (1984) volcanic arc granitoid field (VAG) on a Rb vs. Nb+ Y 

diagram (Figure 5.20). Some of these granitoids, especially the potash monzogranite, 

plot on the tie line between volcanic arc and syn-collisional granitoids (Figure 5.16). 

In addition, the Tati granito;ds overlap with the fields defined for Archean granitoids 

from the Kaapvaal Craton (Harris et al., 1987). They also overlap with the fields of 

"association 1 and 2" granitoids from the Norseman-Wiluna Greenstone Belt of 

Australia (Cassidy et al., 1991). Association 1 granitoids are calc-alkaline plutons that 

are said to be both syn-volcanic and syn-tectonic. Association 2 granitoids, on the 

other hand, are syn to post-tectonic plutons. 
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CHAPTER SIX 

6. GEOWGICAL SYNTHESIS OF THE TATI GREENSTONE BELT 
I . 

6.1 Summary or the Stratigraphy of the Tati Greenstone Belt 

Since the only published geological map for the Tati Greenstone Belt was 

produced 18 years ago (Key, 1976), the geo~ogical data base on the belt has improved 

appreciably. Large scale geological mapping of isolated areas during mineral 
.. : 

exploration and regional geophysical surveys (aeromagnetics and gravity) have 

contributed to the understanding of the Ta~ Greenstone Belt geology. In this present 

work, data from regional and local geophysical surveys, satellite imagery and 
. .· .. ·.. . 

photogeological interpretations, large sCale mapping by mineral expior~tion 

companies and Department of Geological.,Survey staff and research worke!s, and 

current fielding mapping have been comqined to interpret th,f structure a'nd the 

geological evolution of the Tati Greenstone Belt. 

6.2 Geochronology ;.· 

Due to the lack of precise radiometric age dating, geochronological co~trol on 

the deformational events is the weakest link in Southern African geology. Even in the 

Republic of South Africa, where a considerable number of age dates ~ave been 

derived, the ages of some units have changed back and forth. For example, until 

Barton's (1983) Rb/Sr age of 3.8 Ga was derived for the Sand River Gneisses of the 

Limpopo Belt, the Limpopo Belt was considered to have been Proterozoic and, 
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therefore, younger than the surrounding Archean cratonic areas (e.g. Mason, 1973). 

U/Pb zircon ages of between 3.2 and 3.29 Ga and a Sm/Nd age of 3.2 Ga have 

recently been obtained for the Sand River Gneisses (McCourt and Vearncombe, 

1992). In the Zimbabwe Craton, where Rb/Sr dates form the bulk of the 

geochronological data base, the confusion is even greater. For example, the 

Mushandike tonalite gneisses were considered to be about 3.5 Ga old, but are now 

believed to be 2.9 Ga on the basis of Pb/Pb dating (Moorbath et al., 1987; Taylor et 

al., 1991). 

Against this background of problematic ages, areas where very little dating has 

been done, such as the Tati Greenstone Belt, present serious problems for the 

understanding of geological events. The most significant date from the Tati 

Greenstone Belt is a U/Pb zircon age of 2715 ± 5 Ma for the Nyambabwe Tonalite 

(Key, 1976). The Nyambabwe Tonalite is part of an igneous complex which is 

intrusive into volcano-sedimentary rocks of the Tati Greenstone Belt. The complex 

is a very important tectonic marker because it was emplaced in a tectonic zone, 

probably a paleo-suture, that separates volcano-sedimentary rocks of the Tati 

Greenstone Belt to the south, from a granitoid area to the north. This is a post

volcanic age and, therefore, sets a lower age limit on the rocks within the Tati 

Greenstone Belt. 

Key (1977) reported that a three point Rb/Sr isochron date of 2570 ± 70 Ma 

had been derived by Van Breeman and Dodson (1972) for a felsic volcanic rock from 

the Selkirk Group. This 2570 ± 70 Ma age for siliceous volcanic rocks is much 
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younger than the 2715 ± 5 Ma minimum age descnbed above. It may, however, be 

a metamorphic age not related to the actual age of volcanism. A similar date has 

been reported for the paragneisses from the Northern Marginal Zone of the 

Limpopo Belt, south of the Tati Greenstone Belt (Key, 1977). 

A ca. 2600 Ma metamorphic event is also reported to be widespread in rocks 

along the Southern and Northern Marginal Zones of the Limpopo Belt (Van 

Breeman and Dodson, 1972). Paragneisses at the northern margin of Limpopo Belt, 

just south of the main Tati Greenstone Belt, have yielded an Rb/Sr isochron age of 

2640 ± 40 Ma (Hickman and Wakefield, 1975). A post-kinematic granitoid north of 

Francistown, the Timbale granite in the Vumba Greenstone Belt, has been dated by 

. Rb/Sr techniques at 2540 ± 29 Ma (Key, 1977). K-Ar mineral dates (on biotite, 

biotite-plagiodase pairs and plagioclase-potassic feldspar pairs) of 1800 to 2000 Ma 

have been reported for some granitoids in the belt (Key, 1977). These ages have also 

been recorded in gneisses from the Limpopo Belt and were interpreted by Key 

(1977) to date the final metamorphic cooling stages for the Limpopo Belt. 

The 2. 7 Ga age of the Nyambabwe Tonalite is similar to the ca. 2. 7 Ga ages 

of the Limpopo tectono-metamorphic event (Van Reenen et al., 1987). Kroner 

(1977a), on the other hand, indicated that the 2.7 Ga event was not confined to the 

Limpopo Belt, but was actually a much more widespread African tectonic event, 

which he termed the Limpopo-Liberian Orogeny. A 2.7 Ga event is by no means 

confined to high metamurphic grade areas such as the Limpopo Belt of Southern 

Africa. The Upp~r Greenstones of the Zimbabwe Craton formed in this age range 
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(Wilson, 1979). The Chengezi and Chilimanzi granitoids of the Zimbabwe Craton 

have this same age range and are more widely distributed in the craton than the 

areas adjacent to the Limpopo Belt (Wilson et al., 1978). Most greenstone belts in 

Canada (e.g. Card, 1990) and in the Yilgarn Craton of western Australia (Barley and 

Groves, 1990) are also of this general age range. It is therefore concluded that the 

2. 7 Ga event is a major crustal forming tectonic event which was not confined to the 

limpopo Belt. 

6.3 Tectonic Evolution or the Tati Greenstone Belt 

6.3.1 Paleotectonic Setting 

Three fault-bounded volcano-plutonic sequences, capped by thin horizons of 

sedimentary rocks and a younger overlying feldspathic sedimentary sequence, 

constitute the overall supracrustal rock stratigraphy of the Tati Greenstone Belt 

(Figure 6.1). These volcano-plutonic sequences are: 

(1) the komatiite-tholeiite sequence of the Lady Mary Group, 

(2) the calc-alkaline sequence of the Phenalonga Group, 

(3) the calc-alkaline sequence of the Selkirk Group. 

The younger feldspathic sedimentary sequence, the Last Hope Group, was deposited 

in a fault-bound basin that occupies most of the southeastern part of the belt. The 

volcano-plutonic sequences are separated from each other by major lineaments or 

faults, such as the Sekukwe-Long Gossan Uneament (SLGL), which are coincident 

with thin horizons of sedimentary rock units including banded iron formations (Figure 
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6.1). Since these lineaments separate major lithotectonic units or volcano-plutonic 

sequences, they constitute terrane boundary faults. Each lithotectonic unit, for 

example the Lady Mary Group, represents a distinct tectonostratigraphic terrane that 

characterizes a particular geotectonic setting. 

The Lady Mary Group consists mainly of ultramafic to mafic volcano-plutonic 

rocks with minor interflow argillites (including black shales) and banded iron 

formation intercalations. In general, the bulk of the volcanic flows succeed each other 

conformably with minor interflow sediments. The whole succession is capped by a 

unit consisting of banded iron formation, clastic sediments and limestones (Figure 

3.9). Furthermore, vesicles and amygdules in volcanic rocks are more abundant 

towards the sedimentary cap. Lithological compositions of the Lady Mary Group 

suggest that the volcano-plutonic rocks were emplaced in a deepwater enviwnmcnt 

( cf. Dimroth et al., 1985). As volcanism increased, the environment progressively 

changed from deep to shallow water. The sedimentary cap was deposited in a shallow 

environment on top of an emergent basaltic volcanic basement (cf. Carlisle and 

Susuki, 1973). 

It has previously been suggested (Barley and Groves, 1990) that Archean 

komatiite-tholeiite sequences, associated with calc-alkaline volcano-plutonic and 

feldspathic sedimentary sequences along fault contacts, were deposited in back-arc 

basins. Geochemical data present an important constraint on the paleotectonic setting 

for the volcano-sedimentary rocks of the Tati Greenstone Belt. Major and trace 

element data for ultramafic-mafic rocks from the Lady Mary Group indicate the 
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presence of three magmatic suites including; LREE-depleted rocks, LREE-enriched 

rocks and komatiites. It is postulated that the LREE-enriched rocks form the margins 

of a basinal structure which encloses the LREE-depleted and komatiite rocks at the 

core of the basin. The komatiites may have formed from plume-type magmas 

generated in the deeper parts of the Archean mantle. This suggests a paleotectonic 

setting that is similar to modem back arc basins, like the Lau Basin (Hawkins et a]., 

1985; Price et al., 1990). In such basins, the earliest magmas are low-K island arc 

tholeiitic basalts, while later magmas are similar to depleted MORB (Figure 6.2). 

Detailed geochemical studies have not been carried out on rocks from the 

Phenalonga and Selkirk Groups. Major element and petrographic studies by others 

(e.g. Key, 1976; Mason, 1970) suggest that the volcano-plutonic rocks of the 

Phenalonga Group are calc-alkaline. On the basis of field distribution and nature of 

the rocks, the Selkirk Group may also be the remnant of a calc-alkaline suite. It can 

be speculated on the basis of the proximity to, and relationships with, the Lady Mary 

Group, which has back arc basin characteristics, that the Phenalonga and Selkirk 

Groups are remnants of an island arc, or perhaps two arcs. 

In the Phanerozoic, fault-bound sequences (or tectonostratigraphic terranes) 

are defined as zones with internally consistent stratigraphy, structure and tectonic 

history different from those of adjacent terranes (e.g. Crowell, 1985; Crowell et al., 

1985; Thakur, 1987; Edelman, 1991; Paterson et al., 1989). Such terranes can either 

be composite, formed by the amalgamation (or accretion) of more than one 

horizontally displaced crustal slices or fault-bound sequences derived from 



La Yb La Yb La Yb 

Figura 8.2: Schematic diagram lhowlng the distribution of magmatic suites of 
the Lady Mary Group volcano-pUonlc ~nee In a back-arc buln tectonic 
eetting. The LAEE-enrlched rockl oocur at the flanlca of a back-arc balln 
whole centre Ia occupied bV flat to LREE-depleted roclcl. 

208 



209 

dismembered plate margins, or they can be single terranes consisting of one crustal 

block. 

Current research suggests that Archean greenstone belts consist of fault-bound 

volcano-plutonic sequences (e.g. Hubert and Marquis, 1989; De wit, 1991; Barley and 

Groves, 1990). In the Abitibi Greenstone Belt, Hubert and Marquis (1989) defined 

three types of fault-bounded terranes (lozenge-shaped crustal blocks) each enclosing 

several volcano-plutonic sequences. These are simple, composite, and orthogneissic

granitic terranes. In the Wiluna-Norseman Greenstone Belt, a major lineament, the 

Keith-Kilkenny Lineament, separates a komatiite-tholeiite sequence from a calc

alkaline-feldspathic sedimentary sequence (Barley and Groves, 1990). De Wit (1991) 

describes the Saddleback Fault System as separating a komatiitic ophiolite sequence 

from an island arc terrane comprising the Upper Onverwacht Group. 

Apart from fault-bound sequences within greenstone belts, Archean cratons 

generally consist of crustal blocks separated by major terrane boundary faults or 

shear zones. The Anton, Contwoyto, Sleepy Dragon and Hackett River terranes of 

the Slave Province (Kusk.y, 1990) and the subprovinces of the Superior Province 

(Card, 1990) are examples of major fault-bound crustal blocks. In these cratons and 

belts, terrane boundaries are commonly zones of structural and metamorphic 

transitions with appreciable widths in which faulting and igneous activity have masked 

any primary lithological transitions (Card, 1990). In modem tectonic environments, 

terrane boundary faults are commonly characterized by belts of melange, crushed 

rocks, blueschist facies metamorphism and ophiolite slivers (Howell, 1989). Howell 

\ 
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(1989) further states that these boundary faults can appear as cryptic, inconspicuous 

and unimpressive fault zones. Therefore, it would be difficult to distinguish them from 

the thrust faults that bound duplex slices within the same terrane. Without question, 

the SLGL between the Lady Mary and Phenalonga Groups and other lithological 

boundary faults in the Tati Greenstone Belt are of this type (i.e. fault zones without 

any distinctive boundary fault characteristics). 

Several lines of evidence suggest that the Tati Greenstone Belt rocks were 

emplaced in a tectonic setting where the komatiite-tholeiite sequence represents a 

back-arc basin and the calc-alkaline volcanic and feldspathic sedimentary rock 

sequences indicate the existence of an arc environment. This evidence includes: 

(1) the association of a komatiite-tholeiite sequence (Lady Mary Group) with 

calc-alkaline volcanic sequen~s (Phenalonga and Selkirk Groups) and a 

feldspathic sedimentary sequence (the Last Hope Group), 

(2) the separation of these volcano-plutonic sequences from each other by 

major lineaments, 

(3) geochemical characteristics of the komatiite-tholeiite sequence, 

( 4) the occurrence of high-Mg granodiorites (Figure 6.3) which are generally 

regarded as derivatives from high-Mg andesites generated in subduction zones 

at anomalously high temperature (Tatsumi and Maruyama, 1989). 

6.3.2 Tectonics and Geodynamics 

In modem tectonic environments it has been observed that structures in fault-
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bound sequences generally form in two similar, but unrelated, deformational events 

(Crowell et at., 1985). Early deformational events are related to the amalgamation 

of separate terranes to form composite terranes. This amalgamation generally forms 

prior to accretion of the composite terrane to the continental margin. The second, 

and younger, deformation event is related to the accretion (or coHision) and welding 

of the amalgamated terrane to the continent. The accretion/collision constitutes a 

major tectonic event in the tectonic evolution of a craton. This deformational event 

usually produces intense folding, penetrative deformation fabrics and metamorphism. 

The tectonic fabric may be regionally distributed or localized in narrow tectonized 

zones (Crowell et al., 1985). 

Structures in the Western Structural Zone of the Tati Greenstone Belt have 

a dominant NW-SE trend but with a progressively changing direction to NNW-SSE 

or N-S as the Shashe Belt is approached (Figure 6.4). The disruption and re

orientation ofNW-SE structure in the Western Structural Zone by the deformational 

event which formed the Shashe Belt, suggests that two major tectonic events affected 

rocks of the Tati Greenstone Belt. In summary, two main tectonic events, informally 

named the Tati and Shashe Orogenic Events, are interpreted as having been 

responsible for the tectonic evolution of the Tati Greenstone Belt. 

The first tectonic event, the Tati Orogeny, Jed to the formation of the 

Francistown crustal block. NE verging overturned, inclined or recumbent folds and 

thrusting along lithological boundary-parallel faults were the major structures formed 

during this deformation. Also related to this tectonic event are two major trans-belt 



Figure 6.4: Structural Map of part of northeastem Botswana showing 
structural relationships between the Shashe Belt, the Northem 
Marginal Zone of the Umpopo Belt, and the Tatl Greenstone Belt. 
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lineaments marked by narrow linear magnetic anomalies with a NW-SE trend, the 

Matsiloje-Francistown Lineament (MFL) and Ramokgwebana-Tsamaya Lineament 

(RTL). These two lineaments bound a narrow tectonic discontinuity that separates 
·, 

the main volcano-plutonic rock sequences of the Tati Greenstone Belt to the south, 

from a dominantly plutonic terrane to the north (Figure 3.6). This discontinuity is 

intruded and disrupted by the linear, NW-trending, Selkirk Igneous Complex plutonic 

belt. The Mphoeng Plutonic Complex and Ramokgwebena megacrystic feldspar 

granite also intruded into this tectonic zone (Figure 3.6). This event may have been 

related to a N-directed subduction process. This subduction would have led to the 

collision of arc rocks from the south with continental crust to the north (Figure 6.5). 

This collisional deformation produced a large weak crustal zone, the Matsiloje-

Francistown Tectonic Zone, marked at the southern end by the MFL. The MFL may 

form a paleo-suture along which arc rocks were accreted to the continental crust. To 

theSE, a fault-bounded sedimentary basin, the Last Hope Basin, formed during this 

thrusting and collisional event. Calcareous and turbiditic sedimentary rocks occur at 

the northern part of the basin, whereas continental type sediments, conglomerates 

and sandstones occur in the south. This suggests that the southern part of the basin 

was on the side of the advancing orogen, whereas the northern part was in a deeper 

portion of the basin. 

The second tectonic event, the Shashe Orogeny, followed the formation of the 

micro-craton, the Francistown Block, and is related to SW -directed movements 

leading to collision of the craton with the limpopo Protocraton. The Northern 



8 

(A) 

(C) 

(D) 

(E) 

(F) 

~ ' UoiO .~·POL SG 

TIIII~Rocb 

r~-------J---------~ 

LC 

GO 

SIC 

SMF 

~ 

Till! Belt 
...... 

N 

MFL 

!/ 
~ 

BS 

Figure 8.5: Schematic diagram showing tectonic elements end tectonic .wolution 
~the T atl Greenstone Belt (TGB). Stage (A) to (D) relates to the evolution of 
the bell, wherea stages (E) to (F) relale to the eccratlon ~the compoelte 
belt to the cont1nente1 margin (CM). (A) shows praent configuration ~ TGB; 
(8) lhowa tectonic elements ~the TGB; (C) Indicates thai formation ~the 
compoelte bell ttvough eccr.tlon of the volcano-eectlmentely rock&, occurred 
prior to the acctwtlon ~ belt rocks to the continental margin (CM); (D) ahows 
colll8lon of the volceno-eedlmentary rocks with CM; (E) &howl the rifted 
continental CfUit between the Umpopo Craton (LC) end TGB; (F) 8how8 
configuration after colll&lon of LC end TGB. KFS, SLGL, PFZ end MFL are major 
lhNr ZOt* ( ... Figure 4.8 for dlltall8); LMG, PG end SG are l.ady Mary, 
~U>nga and Selklk Groupe; OC=oceanlc cruet; LBAB=l.ady Mary beck-arc basin 
PAx~ arc; SA=Selldrtc are; SIC=Seklrtc lgneoue CompiiiX; FB=Frenclatown 
Block ~the Zinbabwe Cnlton; CMS=Continenlal margin llldln'iwda; SMF= She8he 
end MoNil8hane Formellone; BS=beaaltlc 11118; GDF=granltoldl; NMZ=Northem 
Merginal Zone end MG=megec!Y* feldlpar granites. 

215 



216 

Marginal Zone of the Limpopo Belt and its off-shoot, the Shashe Belt, were formed 

during this process. The emplacement of the allochthonous Eastern Structural Zone 

may have either occurred at this time, or prior to this event. 

Data derived in this study suggest that Tati Greenstone Belt rocks were 

emplaced into both island arc and back-arc environments, and that they also 

represent an amalgamation of different terranes (Figure 6.6). The amalgamation of 

the Selkirk arc (Terrane A), the Phenalonga arc (Terrane B), and the Lady Mary 

back-arc basin (Terrane C) may have occurred before the accretion of the Tati 

volcano-sedimentary assemblages to the northern craton (Figure 6.6). The Selkirk 

Igneous Complex stitches the volcano-plutonic sequences to the northern craton. The 

accretion of the volcano-plutonic sequences to the craton resulted in the formation 

of the Francis town crustal block and occurred before the emplacement of the Eastern 

Structural Zone. Evidence for the formation of the Francistown block before the 

emplacement of the Eastern Structural Zone is derived from the fact that the MFL 

structures do not displace the Matsiloje ranges. 

The N-S trending Mphoeng Plutonic Complex welds the Eastern Structural 

Zone to the Francistown crustal block. Formation of the Tati Greenstone Belt 

superterrain preceded formation of the Northern Marginal Zone Orogen, Limpopo 

Belt. Megacrystic and chamockite granites of the Northern Marginal Zone, therefore, 

weld the Tati Belt to the Limpopo Belt. The other interesting observation is that 

banded iron formations (BIF) are confined to the top of major tectonostratigraphic 

units such as the Lady Mary Group. The BIF's are confined to major crustal 
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Rgure 6.6: Schematic chronological diagram depleting the tectonic evolution 
of the Archean Tatl Greenstone Belt (TGB) and formation of the Archean crust 
of NE Botswana. The vertical axis represents the length of time for tectonic 
Processes and fonnatton of crustal blocks. The formation of the Tati Greenstone 
Belt started with the amalgamation of the arcs, A and B and the back-arc basin 
(C) to form a composite crustal block consisting of Tatl volcanic sequences. 
The second process involved collision of the crustal block made up of 
Tati volcanic sequences, and the northern craton (D) to form the Francistown 
crustal block, followed by the fonnatton of the Last Hope Basin. The crustal 
blocks were stitched together by the Selkirk Igneous Complex. The 
Matsiloje crustal block was accreted to the Francistown block through 
NW-directed thrusting, resulting in the fonnatlon of the TGB. The two 
were stitched together by the Mphoeng Plutonic Complex. The final 
stage in accretion involved collision of the TGB with the Umpopo 
Belt leading to deposition of the Monatshane and Shashe 
supracrustal rocks, Including the intrusion of megacrystic feldspar 
granites and chamockites in the Northern Marginal Zone of the 
Umpopo Belt. 
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lineaments that form tectonic boundaries/breaks between these major volcanic 

sequences. They, therefore, may have formed as chemical precipitates of 

hydrothermal fluids that accompanied volcanism. 
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CHAPTER SEVEN 

7. METALLOGENY OF THE TATI GREENSTONE BELT 

7.1 Introduction 

The concept of metallogeny is based on understanding the relationship of 

mineral deposits to the overall tectonic setting of their host rocks (e.g. Strong, 1987; 

Laznicka, 1985). Mineral deposits are generally small compared to the spatial extents 

of their host lithotectonic units which can cover several hundreds of square 

kilometres. This raises the question as to what influences host rock compositions 

have on mineral deposits. In porphyry systems, where the relationships of mineral 

deposits to their subduction-related tectonic setting bas been successfully 

demonstrated (e.g. Sillitoe and Hart, 1984), there are internal differences in mineral 

deposit compositions. For example, Cu-Au porhyry mineralization is associated with 

diorite-granodiorite plutonic suites as orposed to the Cu-Mo association with 

granodiorite-granite plutonic suites (Kesler et al., 1977). Thus, a class of deposits can 

be related to a specific tectonic setting. whereas individual mineral deposit 

composition may be related to the specific host rock composition. 

· The influence of host rock composition on mineral deposit composition is a 

very intrinsic, yet diffuse, feature. For example, the chemical compositions of 

metalliferous sediments in oceanic basins reflect the chemical compositions of their 

metal source, MORB (Bonatti and Joensu, 1966; Bonatti, 1983). The same is true for 

sulphide deposits that form at spreading environments (Rona, 1988; Hekinian et al., 
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1980). 

Modem tectonic environments are very complex and are often composed of 

different magmatic suites. The question thus arises as to what specific effects 

individual magma compositions have on the nature of mineral deposits in a given 

environment? For example, would the occurrence of different magmatic suites, such 

as MORB-Iike vs. low potash magmas in some back-arc basins, have an effect on the 

mineral deposits that might form in that particular environment? 

Fouguet et al. (1991) suggest that hydrothermal sulphides in back-arc basins 

(e.g. the Lau Basin) are different from those that form in oceanic spreading ridge 

environments, as sulphide assemblages from back-arc basins contain higher 

concentrations of Ba, Pb and As, compared to those from spreading centres. Other 

important aspects in defining the compositions of mineral deposits are the physico

chemical parameters of the mineralizing fluids. Fluid compositions are controlled by 

water/rock interactions during fluid generation, mineralization and/or alteration 

related to mineralization. At high water/rock ratios, the major cation composition 

of hydrothermal fluids is not fundamentally changed by interaction with host rocks. 

At low water /rock ratios, fluid compositions will evolve towards equilibrium with the 

rocks through which they flow. Fluids that form mesothermal gold deposits are 

considered to have evolved differently from those that generate other types of 

mineral deposits (eg. massive sulphide deposits). As a function of their overall low 

Cl/S ratios, these auriferous fluids have low base metal contents due to their inability 

to transport these metals (e.g. Kerrich, 1989; Burrows et al., 1986; Nesbitt et al., 
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1987; Colvine, 1989; Groves and Phillips, 1987). 

Current research on geothermal systems (e.g. Krupp and Seward, 1990) and 

massive sulphide deposits from oceanic spreading environments (flannington et al., 

1986) indicates that there is a progressive change in fluid composition as result of 

boiling at depth. Boiling produces metal separation through immiscibility of gaseous 

and fluid phases as these two phases contain different concentrations of specific 

metals and other elements. The metal separation leads to zonation of Cu-Zn, Zn-Pb 

and Au-As-Sb-Ag±Pb±Zn±Hg in massive sulphide deposits with decreasing 

temperature. 

In the Hoydal Deposit of the central Notwegian Caledonides, a volcanogenic 

massive sulphide deposit hosted by ophiolites, there is a pronounced metal zonation 

from high temperature, Cu-dominated, massive base metal deposits, to low 

temperature Au-related metals (Zn, Pb, Ag, As and Sb) (Grenne and Vokes, 1990). 

This suggests that fluids responsible for the deposition of volcanogenic sulphides can 

evolve to Au-bearing fluids. 

In this chapter the distribution of mineral deposits in the Tati Greenstone Belt 

will be related to the tectonic evolution of the belt~ The first section of the chapter 

will deal with the regional distribution of the mineral deposits in the Tati Belt 

(summarised in the form of the metallogenic map). The second part will concentrate 

on two examples of mineral deposits from this belt which exbibi~ two different styles 
I ., 

of mineralization and two contrasting compositions. Finally, a metallogenic model for 

gold deposits of the Tati Greenstone Belt will be presented and discussed. · 
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7:1. Regional Distribution of Mineral Deposits of the Tati Greenstone Belt 

7 .2.1 Historical Background 

Archean greenstone belts of southern Africa are essentially gold-producing 

belts with very few known massive sulphide deposits (Johnston and Griffiths, 1982). 

It is estimated that during the period from 1866 to 1964, between 400,000 and 

500,000 ounces of gold were produced from at least 70 shear-hosted lode gold quartz 

veins in the Tati Greenstone Belt (Key, 1976). Currently, the Shashe mine, located 

four kilometres south of Francis town, is the only significant gold producer in the Tati 

belt. Several small scale operations scattered across the belt are also in production. 

The pre-1866 gold production by local tribesmen also constituted a significant 

amount of the total production from the Tati Greenstone Belt. Other mineral 

production in the belt has been restricted to 27,000 ounces of silver and 10,000 

tonnes of kyanite during the same period. Current exploration has also delineated 

three small nidcel-copper massive sulphide deposits. Two other small scale nickel

copper deposits were mined in the southeastern part of the belt in the Kgarimacheng 

area. 

7 :J,:J, Elements of Metallogenic Mapping 

Maps showing the nature and distribution of mineral deposits can vary from 

simple mineral deposit sput maps to complex interpretative maps. Mineral deposit 

spot maps show only the distribution of deposits. Interpretative, or metallogenic, 

maps usually group deposits with common geological and genetic characteristics 



223 

under one symbol (Bowman and Stevens, 1978). The essential component of the 

metallogenic map is that symbolized information, which groups deposits with similar 

genetic aspects, should be clear and concise. The format of the metallogenic map of 

Tati Greenstone Belt produced for this study was based on Bowman and Stevens' 

(1978) approach for the metallogenic map of New South Wales in Australia and 

Chatterjee's (1983) metallogenic map of Nova Scotia. The main constraint on the 

construction of the Tati belt map was the quality of the available data. For example, 

whereas mining production data are available from the beginning of the mining 

period to the present, the records were not kept properly or consistently and as a 

result some are missing. It was, therefore, not possible to show the relative sizes of 

individual deposits, and it was decided that the best method would be to disregard 

grade/tonnage differences between individual deposits and represent deposits with 

similar sized symbols (even though this may distort the true picture). 

The second problem was the relative distribution of commodities within a 

mineral deposit. This aspect also depends on the availability and quality of 

production data A deposit is designated Cu-Au if production data report relative 

tonnages of the two metals. It was recognised, however, that this parameter can be 

distorted by production preferences. It is possible that records may show gold as the 

only commodity produced for a particular deposit, although other commodities may 

have been present, but not reported. To circumvent this problem it was decided to 

include, as part of the symbol, metallic associations based on the mineralogy of the 

deposit. Metallic associations based on the mineralogy are also problematical, 
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especially with regard to missing data, and thus, in such cases a "polymetallic" deposit 

may be represented by a gold symbol only. 

Because of the problems in deciding what actually constitutes the primary 

control for the gold deposits, it was decided that both structure and host rock 

compositions should be incorporated in the mineral deposit symbol. Where gold 

occurs in several forms, such as in sulphides or as the native metal, the map symbol 

is repeated as many times as there are forms of occurrence. Modifiers are, however, 

added to the symbol to denote each form. For example, Au represents gold in 

sulphides, whereas (Au) represents native gold. It must also be noted that the symbol 

of gold in sulphides does not distinguish between gold as inclusions, gold in colloidal 

form along sulphide grain boundaries, or gold in solid solution. 

7.1..3 Descriptions of Mineral Deposit Groups 

The regional distribution of the mineral deposits in the Tati greenstone belt 

is summarized on the attached metallogenic map in the pocket. The most significant 

detail emphasized by the map is that shear-hosted lode gold deposits are controlled 

by structures that are confined within the belt. These deposits occur in discrete 

groups or clusters. In particular, lode gold deposits are hosted by second generation 

shear zones and structures related to them, such as folds and minor fracture systems. 

The mineral deposit groups or clusters are: · 
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7.Z.3.1 Sbashe Group 

Deposits in this group are associated with a linear ridge of silicified basaltic 

rocks which extends for about ten kilometres from the abandoned New Prospect 

Mine to the Lady Mary Mine (Figure 7.1 ). This group of deposits is hosted by 

lithological units from the upper part of the Lady Mary Group, submarine basalts of 

the Map-Nora Formation. At the Shashe Mine (Figure 7.1), steeply south-dipping, 

mineralized shear zones are localized at the contact between a feldspathic basalt and 

syn-volcanic gabbroic sill. Gold at the Shashe Mine occurs both as the native metal 

and within sulphide minerals, especially arsenopyrite (Blaine, 1986a). Sulphide 

mineralization consists mainly of pyrite, pyrrhotite and arsenopyrite, with minor 

amounts of marcasite, chalcopyrite, sphalerite and the antimony minerals, berthierite 

and gudmundite. The mineralized shear zones are layer parallel. Mineralized veins 

are generally enveloped by a diagnostic alteration zone oonsisting of brown to 

pinkish-red biotite (Figure 7.2). At the Lady Mary Mine, feldspathic basalts similar 

to those at the Shashe Deposit form the host rock. The shear zones which host these 

deposits are controlled by D2 related hydro-fracture veins. The deposits also occur 

adjacent to the no1~em edge of the contact between the Tati batholith and 

supracrustal rocks. 

7.Z.3.Z Golden Eagle Group 

Deposits in this group are hosted by folded meta-sedimentary rocks of the 

Golden Eagle Formation at the top of Lady Mary Group (Figure 7.1). The host rocks 
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are highly fissile greenish-grey phyllites which, in most cases, are red stained due to 

the presence of ferric iron. Mineralized zones also appear rusty brown or red due to 

the presence of hematite. Mineralization occurs in steeply dipping shears (a 65° 

SW). Gold is present as both native metal and in sulphides and the main sulphide 

minerals are pyrrhotite, pyrite, and arsenopyrite. Chalcopyrite, scheelite and unnamed 

silver minerals occur in minor amounts (Molyneux, 1971). Ankerite and 

stilpnomelane form the main alteration assemblage. 

7 .2.3.3 Charlie Group 

This group of deposits is located 32 kilometres southeast of Francis town. They 

are hosted by basaltic rocks in a folded structure that consists of interlayered basalts 

and gabbroic sills (Figure 4.13) in the Map-Nora Formation, Lady Mary Group. 

There are no production data available from this group of gold deposits. Examination 

of tailings, however, indicates that the mineralization is sulphide-controlled. 

Pyrrhotite, pyrite and minor chalcopyrite are common sulphides in the mine dumps. 

Carbonate-quartz veins, in pinkish-red or brown biotite alteration zones, carry the 

sulphides. These deposits have similar characteristics to those of the Shashe Group. 

7.2.3.4 New Zealand Group 

These gold deposits are hosted by banded iron formations of the Lady Mary 

Group at the southern limb of the south-vergent isoclinal fold (OTA; Figure 4.3), 

and are located in the Old Tati Subzone. The mineralization occurs in south steeply-
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dipping quartz veins controlled by structures (shear zones) near contacts between 

supracrustal rocks and the New Zealand pluton. A WNW-ESE trending major fault/ 

shear zone (OTL; Figure 4.6) occurs south of the New Zealand deposit. It is reported 

that some of the richest ore in the area, 5 to 90 g/t, was produced from the New 

Zealand Mine in the early 1960's (Molyneux, 1971). 

7 .2.3.5 Blue Jacket Group 

These occurrences are hosted by steeply south-dipping E-W trending shear 

zones, in highly altered basaltic rocks of the Lady Mary Group in the Old Tati 

Subzone (Figure 4.2). The alteration visible in mine dumps consists mainly of 

numerous quartz-carbonate veins. Gold is carried by sulphide minerals such as 

pyrrhotite and arsenopyrite. 

7 .2.3.6 Flora Group 

This group of deposits occurs in the eastern extension of the Lady Mary 

Group. They seem to have been very small workings located on relatively long quartz 

or quartz-carbonate veins. In areas where these deposits are located, only fine 

dispersed dumps are found. Because of the poor state of the dumps and lack of 

proper records, it is therefore, not possible to confidently identify host rocks or the 

mineralogy of the deposits. These deposits, however, cluster around small granitoid 

intrusions considered to be similar to the Hillview trondhjemite of the Last Hope 

basin. 
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7.2:3.7 Monarch Group 

Several abandoned mines are located west of Francistown (Figure 4.5). These 

deposits occur in a N-S to SSE-NNW-trending shear zone at the contact between 

Selkirk Group volcanic rocks and the Nyambabwe Tonalite. The deposits are spread 

over a distance of 1.5 kilometres along the shear zone. The host rocks are 

hornblende schists, interlayered with mica-schists, graphitic-talc schists and calcareous 

units. The mineralized shear is conformable with the S0/S,. foliation which dips 

steeply to the west (~ 85°). The mineralization is sulphide dominated, and the 

dominant sulphides are arsenopyrite, pyrrhotite, pyrite and minor chalcopyrite. Au 

and Ag are the main commodities. Bi is also reported to be present (Molyneux, 

1971). 

Monarch Mine was the first gold mine to be opened in southern Africa when 

it started production in 1869. Production is recorded as having taken place in two 

stages. The early mining stage lasted until 1910, when refractory sulphide ore 

presented complications to the milling process. Up to this time it is reported that 

about 136,000 tonnes of ore grading at 17 g/t gold was extracted. The second mining 

stage covers the period between 1934 and 1952. During this period about 514,020 

tonnes of ore produced approximately 3,357,330 g of Au at an average recovery of 

6.53 g/t and 260,240g Ag at 3.87 g/t (Molyneux, 1971). 
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7 .2.3.8 Francistown Group 

These deposits are localised in shear zones along contacts between the 

Nyambabwe Tonalite and Selkirk Group volcanic rocks. They may form a 

continuation of the Monarch Group and their trend is approximately east-west 

(Figure 7.1). No data are available on the mineralogy and nature of the deposits. 

7.2.3.9 Bonanza Group 

Deposits of this group are hosted by en echelon tension quartz veins localised 

in shear zones within massive andesitic volcanic rocks of the Phenalonga Group 

(Figure 3.10). These mineralized shear zones are layer parallel and dip at angles 

between 600 and 800 to the WNW. The mineralized zones occur near the base of the 

group just above the contact of the Phenalonga and Lady Mary Groups. 

The mineralization consists of gold-bearing sulphides (Molyneux, 1971). The 

main sulphides are pyrrhotite and pyrite with minor chalcopyrite. Silver has also been 
. . 

reported (Molyneux, 1971), although the form in which it occurs has not been 

documented. Pyrrhotite occurs as massive bodies and as disseminated sulphides in 

altered andesitic hos1s. The main alteration consists of chlorite and carbonate 

minerals. 

7 .2.3.10 Cherished Hope Group 

These occurrences are hosted by shear zones within and at the contacts of 

granitoids, between the intruding Nyambabwe Tonalite and Francistown Diorite. The 
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diorite and tonalite are part of the Selkirk Igneous Complex which intrudes the 

Selkirk Group volcano-plutonic rocks. These gold deposits are generally hosted by 

thin SE-NW quartz veins enveloped by thin advanced argillic alteration zones. The 

main shaft around the Cherished Hope mine bas been poorly kept, and therefore, it 

was difficult to assess the nature of the deposit from this shaft. Only fine dumps are 

available from this mine, which made sampling to determine nature of the 

mineralization and type mineralogy very difficult. Production records required to help 

with the interpretations are also not available. These gold occurrences are similar to 

that of the Francistown Group (Section 7.2.3.10). 

7.2.3.11 Pbenalonga Group 

These deposits are hosted by Dinuku Formation carbonates at the top of 

Phenalonga Group (Figure 3.10) and are located at the intersection of shear zones. 

The Pbenalonga Group contains appreciable concentrations of base metals, Pb, Cu 

and Zn, compared to other lode gold deposits in the Tati Greenstone Belt. Tungsten 

is also reported (Molyneux, 1971 ). 

7.2.3.12 Vennaark Group 

This group of gold deposits is hosted by ENE-WSW and NNE-SSW trending 

shear zones localized in silicious volcanic rocks of the Selkirk Group. The 

mineralized shear zones occur near contacts between Phenalonga and Selkirk 

Groups, and also near the intrusive Selkirk Igneous Complex. No proper records 
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were kept and dumps are not in a suitable state to confidently determine the nature 

of the mineralization and the mineralogy. It is not known whether these deposits are 

related to the main mineralization event prevalent in the Western Structural Zone 

of the belt, or to a later event related to emplacement of the Selkirk Igneous 

Complex. 

7.2.3.13 Signal Hill Group 

These deposits arP. shear hosted Sb-Au-bearing quartz veins in meta

sedimentary rocks of the Last Hope Group (Figure 4.2). They are hosted by quartz

mica schists at the contact of a matrix-supported conglomeratic unit and gritty arkosic 

sandstones. Three mineralized zones (Figure 7.3) have been delineated (Blaine, 

1986b ). The mineralized zones, however, reflect the pattern of outcrops rather than 

the different styles of mineralization. The most prominent feature of these deposits 

is that they contain elevated concentrations of Sb compared to other lode gold 

deposits in the Tati belt. 

The mineralization consists mainly of the Sb sulphide minerals, stibnite, 

gudmundite and bertbierite. Arsenopyrite, pyrrhotite, pyrite and marcasite are also 

present. Gold is carried by sulphides, such as arsenopyrite, and also occurs as the 

native metal. 

7 .2.3.14 Rainbow Group 

These gold deposits occur in shear zones localised along contacts between 
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phyllites and banded iron formations (e.g. Rainbow) and in shear zones within 

banded iron formations (Jim's Luck) in the Matsiloje Ridge area. Tennarite, 

chalcocite, and chalcopyrite are the common copper sulphides in these depos~!S. 

Other sulphides, especially those associated with gold mineralization, include pyrite 

and arsenopyrite. These deposits follow the northeast trend of the Eastern Structural 

Zone (Figure 4.2), however, their time of emplacement relative to the other groups 

in the area is uncertain. 

7 .2.3.15 Massive Sulphide Deposits 

These massive sulphide deposits occur in the northern part of the main 

outcrop area of the Tekwani Troctolite (Figure 3.12). A series of circular structures, 

or domes, are visible on aerial : photographs, and two of these are related t~ th~ 

Phoenix and Selkirk massive sulphide deposits (Figure 7.4). The third massive 

sulphide prospect, Tekwani, seems to be off-axis from this linear array of domal 

structures. The Phoenix deposit is localised in two intersecting shear zones with N-S · 

and E-W trends, and the mineralization is hosted by amphibolites that were intruded 

by numerous trondbjemitic stocks. The mineralization consists of nickeliferous 

pyrrho_t!,!'!, pentlandite, and chalcopyrite, with minor pyrite. About 4.5 million tonnes 
- .~ 

of ore, grading 2.1 percent Ni and 0.8 percent (..ll, have been delineated (Baldock et 

al., 1977). The Phoenix deposit bas relatively high Ni/Cu ratios compared to the 

other massive sulphide deposits. 

The massive st1lphide deposit at Selkirk is hosted by a coarse-grained gabbroic 
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body that intrudes the Selkirk Group feldspar-porphyry. The deposit comprises a 

zone of massive sulphide bodies with disseminated sulphides at the top and stringer 

· sulphide veins below the massive sulphide zone. The sulphides consist of pyrrhotite, 

pentlandite, chalcopyrite, and minor pyrite. The deposit contains - 3 million tonnes 

of ore, grading 0.9 percent Ni and 0.8 percent Cu. The average Ni/Cu ratio is about 

one, but varies widely in the deposit (Baldock et al., 1977). 

Minor platinum group element concentrations have been reported from this 

deposit (Robinson, 1990, personal communication). The Phoenix massive sulphide 

deposit has not been evaluated to the same extent as the Selkirk Deposit, and, 

therefore, it is not known whether it contains any similarly enriched concentrations 

of platinum group elements. The high Ni/Cu ratio of the Phoenix Deposit, however, 

suggests that elevated values of platinum group elements may exist. 

7 .2.4 Regional Distribution of Minenl Deposits 

Gold deposits occur in all lithological groups of the Tati Greenstone Belt. For 

example, basalts host the Shashe and Charlie Groups, whereas the Golden Eagle, 

Rainbow-Matsiloje, and Phenaloga Groups are hosted by metasedimentary units at 

the top of volcanic sequences. The Bonanza, Vennaak, and Monarch Groups are 

hosted by intermediate volcanic rocks at contacts with granitoids. The Cherished 

Hope deposit is hosted by shear zones within granitoid rocks and at the contact 

between granitoids and diorites. The Jim's Luck and New Zealand deposits are 

hosted by banded iron formations. 
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In all these areas, however, mineralization is controlled by shear zones. In 

general, the mineralized bodies are parallel to the So/S,. foliation but occur at the 

intersections of lithological boundary-parallel shear /fault zones and secondary cross

stratigraphy shear/fault shear zones (Figure 7.5). The other important observation 

is that the boundary faults, or thrusts, coincide with the distributions of banded iron 

formation-bearing sedimentary rocks at the tops of major volcanic sequences. Current 

research suggests that Archean banded iron formations may have been deposited 

from hydrothermal fluids not unlike those that form metalliferous sediments in 

modem oceanic basins (e.g. Sugitani, 1992). The Tati Greenstone Belt banded iron 

formations consist of both oxide and sulphide facies. The Long Gossan body, a few 

kilometres east of the Golden Eagle Mine, is a major sulphide banded iron formation 

body which is reported to contain barite (Johnston and Griffiths, 1983). 

Figure 7.6 shows the distribution of the banded iron formations with respect 

to major structures or lineaments, and illustrates that the distribution of banded iron 

formation is controlled by major boundary parallel lineaments. The relative 

distributions of the Tati Greenstone Belt gold deposits with respect to the 

distribution of banded iron formations are also shown on Figure 7 .6. There is close 

correspondence between the distributions of banded iron formation and gold mineral 

deposits. 

It has also been observed that mineral deposits such as the Shashe Group, 

hosted by basaltic rocks, occur at contacts between gabbroic sills and basalts. The 

presence of pillow and amygdaloidal textures in the basalts indicates that th~se rocks 
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were deposited in a submarine environment. In such tectonic settings there is some 

considerable potential for the development of large hydrothermal systems. Fluids 

from such systems could have migrated down through regional scale fault zones to 

the hotter and deeper parts of the volcanic pile and leached metals, before being 

driven upwards to be discharged as geothermal systems. The banded iron formations 

would have been deposited at this stage. 

7.3 Metallogenic Analysis 

7 .3.1 Introduction 

The Tati Greenstone Belt is comparatively small (60 x 30 km) compared to 

the world's largest Archean greenstone belts. The belt is smaller than other belts 

such as the Bulawayo Greenstone Belt in Zimbabwe, the Barberton Mountain Land 

Greenstone Belt in South Africa and the Abitibi Greenstone Belt in Canada, among 

others. Although it is smaller in size, the Tati Greenstone Belt has a wide range of 

lode gold mineralization styles, comparable to those found in the larger belts. 

Two of these deposits, the Signal Hill deposit, hosted by metasedimentary rocks of 

the Last Hope Group, and the Shashe deposit, hosted by basaltic rocks of the Lady 

Mary Group, will be described in detail in this section. These two deposits were 

chosen for examination because of their differences in both host rock lithology, 

structure, alteration and mineralogy. Since these two deposits are emplaced in widely 

different lithologies (volcanic and sedimentary rocks respectively), they provide an 

opportunity to carry out a comparative metallogenic analysis of lode gold deposits 
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within the Tati Greenstone Belt. The main emphasis of this section is to define the 

role played by structure during the mineralization events, especially with regard to 

fluid transportation, distribution of alteration and control of mineralization. The 

latter part of the section will present geochemical data in order to assess fluid/rock 

interaction during mineralization and alteration. 

7 .3.2 Signal HiD Deposit 

The Signal Hill deposit occurs at the southeastern margin of the Last Hope 

Sedimentary Basin (Figure 3.7), about 45 kilometres southeast of Francistown. The 

deposit was mined during two periods, the ancient mining period (pre-1866) and the 

period between 1930 and 1940 (Byron, 1983). Several excavations scattered around 

the Signal Hill area expose mainly stibnite-rich areas, suggesting that the ore was 

probably mined for antimony. Quartz veins and dumps from three shallow shafts, 

estimated to be about 15 to 20 metres deep, indicate that gold may also have been 

targeted. Processing of the ore was probably carried out at the Rainbow mine site, 

about 7 kilometres to the east (Byron, 1983). 

7.3.2.1 Local Geology 

lithologic units in the vicinity of the deposit crop out on small ridges that 

form the southeastern boundary of the Last Hope sedimentary basin (Figure 7.3). 

These units vary from pale red, fine-grained quartz-mica schist (or arkosic sandstone) . 

to pale grey gritty sandstone. The quartz-mica schist contains interbedded pebble 
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conglomerate units of variable thicknesses. The pebbles and c:lasts are mostly 

siliceous materials, vein quartz and granitic: c:lasts, and bluish green clasts from 

altered mafic: rocks. The conglomerate is matrix supported with the quartz-mica schist 

forming the matrix. A dark brown ferruginous conglomerate unit with banded iron 

formation and quartz-mica schist c:lasts caps the sedimentary suc:c:ession (Figure 7.7). 

The most important unit in this area, especially with regard to mineralization, is the 

pale-red, quartz-mica schist which varies from finer grained varieties to relatively 

thick conglomeratic: zones. 

The rocks in this area have a general southwest trend with a well-defined 

bedding-parallel secondary foliation. This foliation is marked by mica flakes, 

alignment of detrital quartz grains and rock fragments. The foliation and bedding all 

dip at moderate to high angles to the southeast (45°-70"). The dip steepens from 

north to south as the edge of the basin is approached. The finer-grained varieties 

contain microscopic: crenulation folds. The surface expression of this deformation is 

shown by boudin structures in more competent layers (especially quartz veins). 

North and east of these meta-sedimentary rocks are banded iron formation 

ridges, the most prominent of which is Signal Hill (Figure 3.7). These ridges comprise 

mainly banded iron formations composed of alternating bands of milky white chert 

and fine reddish brown hematite bands. Variants of this unit consist of jasperoid 

cherty quartzite. A small hill of highly brec:c:iated banded iron formation, situated 

several metres east of the main Signal Hill, overlies schistose reddish-brown. 

limestones and phyllites. These schistose c:alcareous sedimentary rocks are 
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interpreted (see Chapter 4) to form the sole to the thrust block consisting of 

brecciated banded iron formations. 

A conglomerate containing clasts of quartz-mica schist, chert, and fragments 

of other rock types in a dark brown ferruginous cement, forms part of this thrust 

surface. The trends of the banded iron formation ridges, including Signal Hill, are all 

at right angles to the main trend of the host sedimentary rocks. They also dip at high 

angles into the sedimentary basin (i.e. SW and W). They are, therefore, interpreted 

as having been thrust over the sedimentary rocks of the Last Hope Basin. The 

regional structure of this area was described in Chapter 4. 

7 .3.2.2 Method or Study 

One hundred and ten quartered borehole core samples were collected from 

the five most representative boreholes at the Signal Hill deposit (Chiepe, 1989, per. 

comm.). Ninety thin sections were prepared from these samples to investigate the 

structural control of mineralization and distribution of alteration. 

7 .3.2.3 Structure or the Signal Hill Area 

The structural evolution of the Last Hope Sedimentary Basin was presented 

in Chapter 4 as part of the overall regional structure of Tati Greenstone Belt. The 

data and interpretations will not be repeated here, except to highlight essential points 

that have a bearing on mineralization. In Chapter 4 it was pointed out that the 

deposition of sedimentary rocks in the Last Hope Basin may have been controlled 
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by normal faults related to transpressional movements on a st.-ike-slip couple 

consisting SLGL-CMFZ-01L to the south·and HVL to the north (Figure 4.6 & 4.7). 

The southern margin of the basin, separating rocks of the Lady Mary Group in the 

Old Tati area to the south from the sediments of the Last Hope Basin to the north, 

is marked by SW-trending, SE-dipping high-angle reverse or thrust fault (Figure 7.8 

and LHFZ in Figure 4.6). The LHFZ is interpreted to have been a re-activated 

normal fault formed as part of the strike-slip shear couple. The re-activation of this 

fault was part of the NW-directed thrust movement (04). This thrusting resulted in 

the duplication of the Last Hope Group quartzitic rocks around the Signal Hill area 

(Figure 7.3) through faulting and folding. Thrusting occurred along the boundary 

between the Lady Mary Group rocks around the Old Tati area and the Last Hope 

Basin sediments. Therefore, the LHFZ forms a lithological boundary-parallel 

fault/shear zone. 

The LHFZ controls the distribution of the Signal Hill Sb-Au mineralization. 

This mineralization, although not directly hosted by this structure, is controlled by 

structures (folds and secondary faults) related to movements on this fault/shear zone. 

Mineralized secondary shear zones are parallel to lithological boundaries which are 

parallel to the main fault/shear zone. At the surface, highly bleached, pale-grey 

kaolinite-chlorite-mica schists mark the sites of these mineralized high-angle 

secondary shear zones. These alteration/shear zones are mainly localized at 

lithological transitions between the conglomeratic and fine-grained mica-schist units. 

These transition zones seem to have been areas of major fluid transport as they 
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contain quartz and quartz-carbonate shear veins parallel to the main shear zone and 

foliation. Petrographic and XRD analyses indicate that the white clay mineral which 

occurs along these lithological boundaries is hydrothermal kaolinite derived from the 

breakdown of mica (muscovite) and detrital potassic feldspar. These kaolinite-bearing 

alteration pipes, although not widely developed, are interpreted as evidence for major 

fluid circulation along these transition zones. 

The distribution of veins, and the structure of the mineralization, in the Signal 

Hill deposit (Figure 7.9) are controlled by NW-directed thrust movements along the 

LHFZ. The re-activated LHFZ acted as a SE-dipping WSW-ENE trending high

angle detachment fault. In general, displacements on detachment zones are 

accompanied by the formation of two classes of fractures; tensional, and shear or 

extensional fractures (Reynolds and lister, 1987). Reynolds and Lister (1987) 

interpreted tension fractures as planar structures occurring in parallel sets. Shear 

fractures, on the other band, occur as sets that intersect at acute angles. Sibson et al. 

(1988) and Sibson (1989) described similar fractures and veins in high-angle reverse 

faults as "steep fault veins" subparallel to the main shear zone, and subhorizontal 

veins "flats". The distribution and formation of such veins were described as being 

related to the interplay between fluid pressure (P,) and deviatoric stress (Sibson et 

al., 1988; Reynolds and Lister, 1987). Subhorizontal veins, or "flats", were interpreted 

(Sibson et al., 1988) as having formed in hydraulic tension fractures, perpendicular 

to the least principal compressive stress (u3), that were held open during vein-filling 

by fluid pressures in excess of the litbostatic load (P, > u3). 
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In the Signal Hill deposits, during progressive simple shear deformation in the 

main shear zone (LHFZ thrust), the pre-existing~ foliation, marked by alignment 

of phyllosilicates in the quartz-mica schist, was crenulated (Plate 7.1). This resulted 

in the formation of asymmetrical crenulation folds that can be used in assessing the 

direction of flow (eg. Knipe, 1989; Gray, 1977; and Barker, 1990). The initial stages 

of the deformation were dominated by microfolding of the phyllosilicate minerals. 

With further deformation, crystallization of new phyllosilicates parallel to the axial 

surfaces of crenulation folds dominated over the mechanical rotation of grains, 
' 

leading to the formation of zonal crenulation cleavage (Plate 4.13) ( eg. Barker, 1990). 

Further progressive deformation led to the formation of microfractures at variable 

angles to the main shear zone boundaries (Teisseyre, 1970; Barker, 1990; and Platt, 

1984) (Plate 4.13, Figure 7.10). 

The nature of displacements along these microfractures can be illustrated by 

microfractures adjacent to folded quartz veins (Plate 4.13 and Figure 7.10). The 

folded quartz vein was initially oriented parallel to the main shear zone. These 

quartz veins are, therefore, hosted by shear zone parallel "fault veins" (Sibson et al., 

1988) or extensional shear veins (Reynolds and Lister, 1987). The microfractures 

which formed at variable angles to the main shear zones are similar to extensional 

crenulation cleavage (Platt, 1979; Platt and Vissers, 1980; Platt, 1984) or C'-S' shear 

bands (Ponce de Leon and Choukroune, 1980) (Figure 7.11). Similar microfractures 

also formed in areas between detrital quartz grains and/or rock fragments in 

conglomeratic units (Figure 4.13). Microfractures at high-angles to the main shear 
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Plate 7.1: Photomicrograph illustrating crenulation folds (H) and crenulation cleavage 
(L). Phyllosilicate minerals (P) are deposited in the fracture cleavage which cut limbs 
of the crenulation folds. (Q=Quartz; scale = O.Smm PL). 
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zone (Plate 4.13) show reverse displacements relative to the main shear zone 

direction, whereas displacement directions in low-angle microfractures are the same 

as those in the main shear zone (Figure 7.10). Therefore, high-angle microfractures 

may be interpreted as antithetic riedel shears (R') and the low-angle microfractures 

as synthetic riedel shears (R) (Tchalenko, 1968). 

Fluids derived from either within, and/or external to, the host rocks were 

pumped along the main S0/~ foliation-parallel secondary shear zones forming 

alteration pipes at lithological transition zones. Areas between grains and rock 

fragments in the conglomeratic units and at crests of folded quartz veins also formed 

sites where fluids could accumulate. Accumulation of fluids in such areas lead to the 

deposition of ribbon quartz along the margins of detrital quartz grains and 

production of pressure shadow features (Plate 4.14). Further evidence that the main 

shear zone was the site of major fluid flow is suggested by the presence of fluid 

inclusion trails in tension microfractures within detrital quartz grains (Plate 7.2). 

These fluid inclusion trails are contained in microfractures formed at high angles to 

the main shear zone (Plate 7.2). 

In some instances the fluid inclusion-bearing micro-fractures were the sites of 

phyllosilicate deposition (Plate 7 .3). Sibson et al.'s (1988) subhorizontal tension veins 

formed in hydraulic fractures perpendicular to the least compressive principal stress 

(a3). These microfratures were kept open during vein-filling by a build-up of fluid 

pressure (Pc) in excess of lithostatic pressure (P1). Microfractures in the quartz-mica 

schists of the Signal Hill deposit would seal off through the precipitation of either 
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Plate 7.2: Fluid inclusion trails in tension microfractures. The micro fractures 
generally occur at relatively high angles to the main shear zone boundaries. Fluids 
that are pumped along the direction of the main shear movement diffuse into these 
fractures (scale = 0.4 mm PL). 
Plate 7.3: Folded quartz vein (Q) containing microfractures in which late 
phyllosilicate minerals (P) were deposited. Although the quartz is extensively 
recrystallized it clearly pre-dates the shearing event that accompanied deposition of 
phyllosilicates in microfractures. Examples of such microfractures are marked (M) 
on the photomicrograph (scale = 0.4 mm PL). 
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quartz or phyllosilicates. Therefore, repeated opening and sealing led to precipitation 

of different and/or the same materials at different stages in the crack and seal 

propagation (Plate 7.4). In some cases fluid pressure was not sufficient to re-open 

these fractures. In those circumstances, the fluids would flow laterally along the S' 

planes depositing their materials as stringer quartz veins. These microfractures were 

also sites along which dissolution of early precipitated materials, such as quartz, took 

place (Plate 7 .5). Some of these micro-shear bands are now relatively large 

discontinuities (Plate 7.6) that could have also acted as conduits for the downward 

percolating surface fluids that later oxidized the mineral deposit. 

7 .3.Z.4 Alteration at Signal Hill Deposit 

The Signal Hill deposit contains minimal hydrothermal alteration, as suggested 

by the controversial identification of mineralized quartz veins as chert bands (Byron, 

1983). The most intense alteration is mainly silicification, as epitomised by large scale 

quartz precipitation. White mica (muscovite) is very common in the fine-grained 

sandstone varieties (quartz-mica schist). The micas are prograde metamorphic 

products from detrital potassic feldspar within the arkosic sandstone. Minor 

phyllosilicates (white mica and chlorites), however, also crystallized from 

hydrothermal fluids within micro-fractures. Kaolinite formed from the alteration of 

phyllosilicates and detrital potassic feldspar along the main shear zone, as indicated 

by the bleaching of the quartz-mica schist to a white colour. These areas of massive 

kaolinite thus define fluid transport zones. Overall this type of alteration should be 
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Plate 7.4: Photomicrograph showing multiple vein materials in C' microshears, 
demonstrating the crack and seal deposition vein materials in fractures. The 
deposition includes superimposition of late quartz veins (0) on early phyllosilicates 
(P), through crack and seal processes (scale = 0.4 mm PL). 
Plate 7.5: These C' microshears also form sites along which materials were dissolved, 
thus enlarging the discontinuities and creating paths for late fluids to remobilize ore
minerals (scale = 0.4 mm PL). 
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Plate 7.6: Photomicrograph illustrating microfractures that developed into larger 
discontinuities along which late fluids were transported to oxidize mineralization. 
These C' microshears are also sites along which materials were dissolved, thus 
enlarging the discontinuities (scale = 0.5 mm PL). 



258 

described as argillic. 

7 .3.2.5 Nature of Mineralization 

There is confusion among geologists working in the area as to what is the 

nature of the mineralization and what actually constitutes the host rock to the 

mineralization (Molyneux, 1971; Byron, 1983; Blaine, 1986b; and M. Chiepe, 1989, 

per. comm.). Molyneux (1971) suggested that mineralization occurs in quartz veins 

parallel to the (S0/S2) bedding/foliation within quartz-sericite schists near a limestone 

unit. He envisaged the limestone unit as having bad a genetic influence upon the 

mineralization. A slightly different, yet similar, view was presented by Blaine (1986b). 

He thought that sulphide mineralization occurs as both massive and bleb textures 

within boudinaged quartz veins, as well as in a stockwork vein system hosted by 

sericitized and kaolinitized arkosic sandstone (quartz-mica schist). Harwood (1986) 

suggested that the mineralization consists of disseminated sulphides and replacement 

bodies following the foliation of a silicate rock. 

Byron (1983), on the other hand, considered the boudinaged quartz veius of 

Molyneux (1971) and Blaine (1986b) to be syn-sedimentary chert bands deposited 

during siliceous volcanism and that these chert bands were later boudinaged. 

Mineralization occurs as blebs, stringers, lenses and finely disseminated stibnite in 

these chert bands (Byron, 1983). He also noted the association of the "cherty" bands 

with kaolinite-bearing alteration zones in quartz-mica schists. This alteration was 

interpreted to be syn-sedimentary hydrothermal alteration. 
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The sulphide mineralization at Signal Hill deposit generally consists of 

pyrrhotite, pyrite and arsenopyrite, and the antimony minerals, stibnite and 

gudmundite. Berthierite was also described in samples from one of the boreholes as 

being replaced by stibnite (Harwood, 1986). Minor chalcopyrite and sphalerite also 

are present. Gold is commonly associated with, and generally carried by, arsenopyrite 

and, to a lesser extent, pyrrhotite. Harwood (1986) also reported minute flecks of 

native gold associated with the antimony minerals gudmundite (FeSbS) and stibnite 

(Sb2~). Minute gold specks were also observed where stibnite replaces berthierite 

(FeSb2S4) . The main carriers of gold are therefore arsenopyrite and pyrrhotite with 

gudmundite and berthierite as secondary carriers. Sulphide mineralization generally 

occurs as blebs, disseminations and stringers within the sub-horizontal to horizontal 

quartz veins (eg Harwood, 1986; Byron, 1983; Blaine, 1986b) and in the 

discontinuous quartz veins in S' -planes. Because of the variable sizes of these quartz 

veins, the mineralization is generally dispersed and erratic. The best sites for 

mineralization are clusters of C' -S' shear bands. 

7 .3.3 Sbasbe Deposit 

7 .3.3.1 Introduction 

The Shashe deposit is one of the Shashe Group of deposits (Figure 7.1) hosted 

by the Map-Nora Formation basalts of the Lady Mary GrQup. These deposits occur 

along an elongated ridge of silicified metabasalt which extends from the abandoned 

New Prospect mine, south of Francistown,for about 10 kilometres to the abandoned 
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Lady Mary mine (Figure 7.1). The Shashe mine itself is located about 8 kilometres · 

south of Francistown. The deposit is intersected by a series of old shafts that mark 

the location of four small mines, the Map, Nora, Durham, and St. Kilda. Mining 

operations were carried out between 1869 and 1945. It has been suggested (Jackson 

and Griffiths, 1981) that the ancient mining period (pre-1869) exploited the oxidized 

zones of these deposits. 

7 .3.3.2 Local Geology 

The Shashe deposit occurs within a steeply southwest-dipping shear zone that 

cuts fine-grained, dark green basalt. The shear zone is localized near the contact 

between the basalt and syn-volcanic, coarse-grained, metagabbro sills. There are, 

however, no surface exposures of these shear zones; their existence was proven from 

underground workings and boreholes. Apart from the presence of the silicified ridge 

which marks the location of highly altered rocks in the shear zone, some indirect 

shear indications have been observed, such as deformed arnygdaloidal basalt (Plate 

4.5) at the base of the silicified ridge. The zone of silicic alteration which forms the 

ore, or reef, zone consists of brown to red jasperoid or cherty rocks, with variable 

thicknesses ranging from a few millimetres to several metres. 

7 .3.3.3 Method or Study 

Fifty-five quartered borehole core samples were collected from two of the 

most representative boreholes at the Shashe Deposit. In addition, thirty-three chip 
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samples were collected underground along the N9 reef (part of the old Nora 

workings). Thin sections were prepared from 50 of the 55 core samples. 

7 .3.3.4 Structure and Alteration at the Shashe Deposit 

The structure around Shashe mine was described in Chapter 4 as part the 

regional structure synthesis of the Tati Greenstone Belt. In this section the 

interrelations of the microstructures within the shear zones and the distribution of 

both mineralization and alteration are investigated. Perhaps the most important 

difference between the Shashe Deposit and the Signal Hill Deposit is the pervasive 

hydrothermal alteration in the former (Figure 7.12). Three main alteration zones can 

be recognized; (a) a carbonate zone which constitutes the most widespread and 

pervasive alteration, (b) a silicified (or reef) zone which is also widespread, but which 

occurs as discrete zones of variable thicknesses enveloped by the carbonate 

alteration, and (c) biotite-sulphide veinlets that occur almost exclusively as bands in 

microfractures within the silicified zone (Figure 7.13). 

Secondary silicification zones consist of quartz veins, with variable thicknesses, 

composed of blue-tinted quartz crystals. These zones are also sulphide-bearing. 

Another alteration assemblage is the coarse-grained hornblende-biotite zone in which 

the biotite consists of dark green coarse-grained crystals. The green biotite of this 

zone is different from the distinctive pink biotite in the main alteration zone. 

The carbonate zone is the most pervasive and widespread alteration in the 

Shashe Deposit. The alteration occurs as single veins, or groups of veins, of variable 
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Figure 7.12: Distribution of alteration zone in borehole TMP 23 at the Shashe Mine. 

262 



ALTERATION ZONATION AT THE SHASHE MINE 
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Figure 7.13: The progressive development of hydrothermal alteration and 
mineralization at the Shashe deposit. (A) Banded carbonate alteration (Zebra 
rock); (B) replacement of carbonate alteration by silicification and development 
of reef zones, the sizes of the silicified zones are controlled by the sizes of 
carbonate alteration zone; (C) suffide bands on silicified zones, (D) super
imposition of late silicified zone or late quartz veining; (E) brown biotite 
envelope on the quartz veins and (F) boundinaged late quartz veins. 
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thicknesses ranging from several metres to a few centimetres or mntimetres. The 

multiple nature of these veins gives the altered rock a characteristic banded 

appearance, or zebra pattern. The carbonate veins consist of eubedral calcite crystals, 

minor dolomite and siderite (Plate 7.7). The veins are usually surrounded by highly 

altered host rock. The alteration at the margins of these veins consists mainly of 

sericite, chlorite, quartz and minor albite (Plate 7.8). The size and abundance of the 

white carbonate bands decrease from the mineralized zones outwards to relatively 

unaltered rocks, where only a few, thin bands occur. In most cases, the margins of 

the carbonate crystals show corroded edges indicating some interaction with acidic 

fluids (Plate 7.9). The interconnected spaces at crystal boundaries (Plate 7.9) may 

have acted as channelways along which fluids could infiltrate these zones producing 

the alteration minerals present at these boundaries (Plate 7.10). In other words, these 

acidic fluids caused precipitation of silica and/or phyllosilicates (Plate 7.10). 

Since the interaction of acidic fluids with carbonate minerals increases the 

fluid pH, silica solubility in the fluids is reduced leading to deposition of sulphides 

and brown biotite. Fe-rich sulphides and Fe-rich biotite (i.e. brown biotite) would 

form since iron is less soluble in high-pH (alkaline) fluids. In hand specimen, these 

rocks are strongly banded. 

Silicification of the zones increased their relative competencies. Subsequent 

shearing resulted in microfracturing of the silicified zones and these microfractures 

were exploited by later fluids, leading to the deposition of sulphides, and in some 

places minor carbonate. These sulphides occur as bands in the silicified zone often 
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Plate 7.7: Photomicrograph of euhedral carbonate crystals (C) in the carbonate 
alteration zone.(Scale = 0.4 mm PL). 
Plate 7.8: Photomicrograph of highly strained, altered host rocks at the margins of 
the carbonate alteration veins (C). This texture indicates that, although cores of these 
veins are undeformed (e.g. Plate 7.7), alteration occurred in wall rocks to the shear 
zone (Q= quartz; B= biotite and S= sericite- scale = 0.5 mm XPL). 
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Plate 7.9: Photomicrograph of interconnected microfractures formed by the 
interaction of fluids which infiltrated along crystal edges and margins with carbonate 
minerals in carbonate alteration zone. The fluid reactions with carbonate minerals 
resulted in the deposition of vein materials in these microfractures (mainly quartz) 
leading to the silicification of the carbonate alteration zone (scale = 0.5 mm PL). 
Plate 7.10: Photomicrograph indicating the progressive replacement of carbonate 
alteration through the deposition of silica minerals ( Q = quartz) and minor 
phyllosilicates (B = biotite). Fluids penetrated through the margins of the carbonate 
crystals (C) (scale = 0.4 mm PL). 
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enveloped by distinctive pink coloured, fine-grained biotite (Plate 7.11 and Figures 

7.12 and 7.13). 

Late quartz veiniro (Plate 7.12) is widespread. These late quar!Z veins were 

emplaced in the silicified zones, and in most cases, rep!ace the sulphide-biotite 

micro-bands. This silicification event is very distinctive in that the secondary quartz 

ranges in colour from clear (rare), to blue tinted, relatively coarse-grained quartz 

(common). 

7.3.3.5 Nature or Mineralization 

Gold mineralization at the Shashe Mine is associated with sulphides as solid 

solutions and as native gold. Gold is carried by arsenopyrite, and to a lesser exten~ 

by berthierite and pyrrhotite. The sulphide mineralization consists of pyrrhotite and 

pyrite as the main sulphides, with minor occurrences of arsenopyrite, marcasite, 

chalcopyrite and sphalerite. The Sb minerals, berthierite and gudmundite, are more 

common here than at Signal Hill where stibnite is the most common. 

The gold-bearing sulphides occur as bands of multiple stringers in micro

fractures hosted by the silicified zone. Brown biotite envelopes these bands. Thin 

carbonate and quartz veinlets also occur in this zone (Figure 7.13). The sulphide 

micro-bands constitute an early episode of mineralization. Locally, second-generation 

quartz and carbonate veins are superimposed on these early micro-bands, and 

commonly also carry sulphide mineralization. The second-generation veins, especially 

quartz, are up to O.Sm thick. The smaller veins consist of blue tinted quartz, whereas, 
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Plate 7.11: Photomicrograph showing brown biotite which is the most common 
mineral in alteration zones that envelope gold-bearing sulphide mineralization (scale 
= 0.4 mm PL). 
Plate 7.12: Photomicrograph showing late silicification ( Q = quartz veins) 
superimposed on early carbonate alteration (C). The early carbonate veins are highly 
altered with late silicification veins deposited in alteration zones (scale = 0.4 mm 
PL). 
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Plate 7.13: Photomicrograph of deformed and boundinaged quartz veins in 
mineralized shear zones at the Shashe Mine (scale = 0.4 mm PL ). 
Plate 7.14: Photomicrograph illustrating a trail of lozenge-shaped mica-fish 
microstructures in shear zones at the Shashe Deposit. The mica-fish structures were 
formed by tectonic shearing (scale 0.4mm PL). 
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the larger ones, such as in the N9 reef, are milky-white. Blaine (1986a) argued that 

gold is generally associated with the small veins rather than the larger ones. A small 

(7 em thick) massive galena vein was found in a carbonate alteration zone withln 

borehole TMP 23, below a thicker section (40m) of alternating bands of carbonate 

and silicified alteration zones. 

The nature and form of the mineralization is controlled by the nature and size 

of the hosting shear zone. Geologists working in the area have described the silicified 

zones as representing shear zones (e.g. Molyneux, 1971; Jackson and Griffiths, 1981). 

Microstructural investigations in this study clearly indicate that the silicified zones 

accommodated most of the deformation, as evidenced by the sulphide-bearing brittle 

microfractures (Figure 7.13). They are, therefore, early alteration zones on which 

secondary shear zones were localized. Rock lenses between sulphide bands and 

quartz veins (Plate 7.13) are commonly boudinaged. 

The confines of these shear zones are much wider than the silicified zones and 

approximate the full extent of the carbonate alteration. Plate 7.14 shows that mica 

fish structures and C-micro-shear bands are present outside silicified zones, indicating 

that the shear zone is much larger than the silicified zones. Thinner quartz veins that 

replace carbonate alteration in the main host rock are boudinaged, further indicating 

the wider extent of the shear zone (Figure 7.12). 

The chronology of mineralization processes at the Shashe Deposit can be · 

summarized as follows: 

1. The process started with large scale pervasive carbonate alteration of the 
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host rocks, the carbonate alteration was controlled by fractures in the altered 

host rocks. Spacing between fractures resulted in the formation of bands in 

this alteration zone and its overall zebra rock texture. 

2. Subsequently, acidic fluids (as evidenced by corrosion of carbonate crystal 

boundaries) percolated through fractures and crystal edges, leading to large 

scale replacement of the carbonate alteration and formation of multiple 

silicified zones. The thicknesses of the silicified zones were controJled by the 

width of the replaced carbonate veins. 

3. During subsequent deformation movements, the silicified zones were 

comparatively more competent than both altered and unaltered host rocks, 

consequently accommodating most of the strain through brittle failure and the 

formation of micro-fractures. 

4. The brittle shear micro-fractures became the sites for deposition of gold

bearing sulphide mineralization. The most distinctive feature of this 

mineralization is the brown biotite enveloping the micro-sulphide bands. 

5. Late fluids were focused along these early sulphide-bearing micro-fractures 

and deposited secondary blue-tinted quartz veins and gold-bearing sulphides 

(mainly arsenopyrite and minor berthierite ). The margins of these veins have 

reaction rims suggesting re-mobilization of the sulphides. 

6. At the margins of these late quartz and some carbonate veins, the early 

silicified zone has reddish-brown staining, probably due to the breakdown of 

iron-rich sulphides and biotite. 
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Secondary shear zones are widespread throughout the belt, but not all are 

min~ralized. It seems that only those fluids which were focused along ca1 oonate 

alteration-bearing shear zones have the potential for mineralization. The nature of 

the alteration (especially the presence of jasperoid bodies formed by silicification) 

and the metallic association (Au-Ag-Sb-Pb-Zn-Cu) suggest that the Shashe Deposit 

is somewhat similar to disseminated epithermal (Romberger, 1985) and hot-spring 

precious metal deposits (e.g. Berger, 1982; Panteleyev, 1985). 

7.4 Geochemistry of the MiDeral Deposits 

7.4.1 Introduction 

In this section the geochemical characteristics of the metallotect features 

related to gold mineralization are reviewed. Metallotect refers to specific tectonic, 

geological, mineralogical or geochemical features of the host rocks to mineral 

deposits that controlled ore formation (Strong, 1987). This section combines 

alteration geochemistry, geochemistry of banded iron formations, fluid inclusion data 

from mineralized areas, and stable isotope data to develop a genetic model for gold 

mineralization in the Tati Greenstone Belt 

7 .4.2. Geochemistry or Alteration Zones 

7.4.2.1 Signal HiD Deposit 

, I 

Hydrothermal alteration at the Signal Hill Deposit is very weak, as 
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demonstrated by the absence of significant geochemical changes between the 

alteration zones and the host sedimentary rocks. Geochemical data for samples from 

two boreholes, SGH 64 and SGH 71, at the Signal Hill Deposit are summarized in 

Table 7.1. Borehole SGH 64 is sited over the pinkish brown conglomeratic unit 

interbedded with mica schists. Core samples from borehole SGH 71 are mainly of 

mature gritty sandstone. Geochemical data (Table 7.1) indicate that most of the 

samples from borehole SGH 71 have high silica ( > 85 wt%) contents. Potash in 

samples from this borehole although not very high, (g_ 1.5- 2.5 wt%) but are 

generally higher than those from most samples in borehole SGH 64 ( < 1 wt% ). Iron 

in samples from borehole SGH 71 has relatively low concentrations (g 1 wt% ). SGH 

71 samples also have low concentrations of Ti, V, Mo and Sr, and elevated 

concentrations of Ba, Rb, and Pb. 

Samples from borehole SGH 64 have very low silica contents (38-53 wt%) 

compared to those from borehole SGH 71. Potash is also comparatively very low, 

whereas other major element oxides, especially FeO, N~O and CaO are higher. 

Alkali and alkali earth element plots, K-Rb (Figure 7.14a), K-Ba (Figure 

7.14b), and Sr-K (Figure 7.14c), indicate positive correlations for all samples, 

irrespective of borehole site and alteration zone. The ratios of these elements vary 

between 200 and 500 for K/Rb, 10 and 1000 for K/Sr and 10 and 100 for the K/Ba. 

The K-Sr diagram (Figure 7.14c) indicates that although there is scatter in Sr 

contents, samples from borehole SGH 64 generally contain higher Sr contents 

compared to those from SGH 71. The K/Sr ratios of samples from borehole SGH 



Table7.1: Geoeh!mlcal ciB!a for rocks from botehol!s, SGH64 & 71 al the Signal Hil Deposl. 

SGHEW1 SGH64/3 SGH641• SGH64/6 SGH64/6 SGH64/6 SGH64110 SGH64111 SGH 64114 SGH64115 SGH64117 SGH71113 SGH71/B SGH 71/11 SGH71/15 SGH 71/16 SGH 71/21 SGH 71/24 SGH71/25 SGH71/27 00'171/31 SGH71!33 SGH71~ 
Si02 38.!!0 .c9.4l 46.4l 74.50 ~.4l 3 1.20 463:1 44.50 65.90 •700 53.20 85.70 64.50 87.00 85.30 96.00 64.!!0 8 1.20 87.20 !!0.70 85.00 85.!!0 
TI02 0.20 0.22 0.24 0.14 0.22 0.20 0 .30 0.24 0.12 0.12 0.04 0.04 0 .04 0.08 0.08 0.08 0.04 0 .02 0 .08 0.08 0 .08 

Al203 10.50 13.40 11 .!!0 11.00 12.70 5.21 12.!!0 14.20 15.30 13.!!0 14.40 7.89 9.47 8.21 7.02 1.62 9 .47 11.40 7.89 11.90 9.16 8.00 
FeO" 18.52 10.59 13.46 8.06 8.37 · 10 .02 6.64 11.29 2.11 7.51 8.28 1.«1 OBO 0 .77 0.13 0.25 0.17 0.31 0 .66 0.75 1.06 1.1)9 

MnO 0.24 0.22 0.18 0 .11 0.17 0 .:!'3 0.16 0 .24 0.23 0.20 0.16 0.21 0,01 0.02 0.01 0.01 
MgO 1.31 2.46 5.46 O.BO 5.34 5 .47 5.35 5.!!0 1.33 8.44 48) 0.06 0.56 0 .40 0 .08 0.02 0.07 0.07 0 .2 1 0 .51 0.63 O.BO 
Ce.O 18.!!0 8.!!0 8.18 1.38 9.38 18 .90 8.76 6 .92 4.o!B 6.48 6 .34 0.08 0.10 0.06 0.46 0.02 0 .04 0 .02 0.02 0.02 C 04 

Ne20 1.25 1.73 1.52 0 .37 1.89 0 .30 1.52 1.09 2.43 3.03 437 0.48 0.46 0.41 0.36 0.09 0 .53 0.89 0 .46 0.76 0.44 0.31 
1<20 0.99 0.56 0.22 0.76 0.48 0 .61 0.64 0 .74 3.11 0 .41 0 .04 1.71 1.99 1.85 1.72 0.37 2.09 2.50 1.71 2.20 1.72 1.54 

P2ai 0.09 0.06 0.04 0 .10 0.09 0.08 0.06 0 .07 0.20 0.05 0.06 0.09 0.08 0.04 0.03 0.06 0 .04 0.02 0 .06 0 .05 0,01 0 .02 
LOI 18.38 11 .77 14.98 3.05 15.88 24.83 15.34 13.38 5.02 11 .83 7.69 1.63 1.64 1.37 1.56 0.48 1.50 2.61 1.35 1.!!0 1.56 1.48 
5c 22.97 29.65 27.97 14.23 26.44 16 .34 27.87 33.29 4.78 32.!!0 26.88 27.32 2.16 0 .24 2 .15 0.63 4.Ci 3.76 3.59 452 3.56 2.88 
v 130 181 157 102 155 16 164 190 39 190 l BO 176 15 14 4 30 22 22 25 21 16 144 

Pb 18 10 9 27 6 1 1 8 13 11 6 62 43 88 24 ~ 41 11 10 1 8 
Bl 0.15 0.15 0.17 0.12 0 .09 0.11 0.12 0 .05 0.11 0.10 0.06 0.03 0.23 0.16 0.15 0 .29 0.13 0 .03 0 .17 0.16 0.20 

Mo 3.81 3.56 3.52 4B1 2.73 3 .26 3.14 3 .23 3.12 4.15 0 .63 5.92 1.56 0.11:1 0.08 0.~ 0.65 0.44 0.43 0.47 0.27 0.48 0.06 
K 6218 4648 1826 6558 31119 5064 5313 6143 25617 3404 332 0 14195 16520 15357 14279 3071 17350 20753 14195 16283 14276 12764 

R> 31 17 5 26 15 23 23 27 111 15 4 76 60 6 56 14 73 16 57 71 57 46 
Cs 3.54 1.17 0 .30 2.85 1.12 2 .26 1.88 2 .61 11.87 1.83 0.21 7.21 5.45 0 .53 5 .13 1.05 6 .72 6.65 4.95 5.20 3.98 2 .79 
Ba 201 188 64 126 98 163 236 261 625 126 20 372 256 25 295 70 400 437 318 445 3111 ;).]2 

Sr 1311 171 172 29 1311 107 144 114 164 165 72 183 114 4 49 12 87 74 54 63 43 40 
Tl 0.74 0.38 0.14 0 .39 0 .14 0 .17 0.25 0 .19 0.88 0 .02 0.85 0 .64 0 .05 0 .48 0.08 0.56 0.54 0 .311 0 .48 0.26 0 .20 
u 17.50 27.17 34.35 11.26 22.80 12.53 30.96 52.09 6.17 37.31 30.20 9.47 11.72 0.78 3 .07 0.42 2 .65 3.88 5.26 8.85 7.86 5.85 

Ta 0 .50 0.40 0 .37 0 .79 0.74 0 .31 0.29 0 .24 0.8 1 0.26 0.20 0.10 0.62 0 .04 0.31 0.36 0 .28 0.23 0.47 0.35 0.33 0.47 
Nb 1.56 1.50 1.56 1.79 1.18 0 .56 1.54 1.18 1.71 1.81 0.32 0 .10 0.27 0.01 0 .18 0.26 0.33 0.17 0 .07 0.09 0.15 0.12 
tf 1.65 1.81 1.62 2.19 1.74 0.44 1.65 1.78 3.11 1.69 1.54 1.26 1.66 0.18 1.61 0.36 2.14 2.02 1.73 2.29 1.93 1.611 
'Zl 50 66 83 78 57 20 57 64 120 64 52 39 52 5 51 12 83 60 58 63 61 54 
Tl 1199 1319 1439 839 1319 1199 17611 1439 719 719 240 240 240 360 360 360 240 120 360 4BO 360 
y 5 8 5 7 4 7 5 8 5 6 6 5 5 1 5 1 5 5 6 4 4 

Th 2.14 2.64 2.74 464 2.60 0 .77 2.04 2 .88 10.88 2.34 
u 0.77 1.93 1.13 1.78 0.64 0 .64 0.66 0 .81 3.31 0.64 

La 8.13 9.29 8.78 12.38 8.14 3 .70 7.55 11.52 36.09 8.44 7.49 9.17 9.75 1.42 15.49 3 .55 7.49 7.66 13.76 14.56 10.27 10 .27 
Oe 18.22 19.04 17.72 23.45 16.60 7.61 15.13 23.03 71.83 16.99 15.73 16.37 19.48 2.88 22.50 5.27 16.64 12.89 25.26 27.00 19.24 19.13 
Pr 1.99 2.32 2.17 2.64 2.05 0 .97 1.64 2.96 7.85 2.07 1.94 1.96 2.04 0 .26 2.50 0.52 1.89 1.50 2 .72 2.85 2.10 2.08 

Nd 7.91 9.59 8.85 9.27 8.14 4.16 7.48 11 .29 27.64 8.64 7.90 7.75 7.22 1.00 6.73 1.87 6 .57 5.49 9 .29 10.18 7.06 8.62 
Srn 1.69 2.15 1.95 1.76 1.83 1.45 1.78 2 .53 3.64 2.05 1.92 1.89 1.39 1.62 1.58 0 .29 1.32 1.15 1.77 1.98 1.34 1.311 
Eu 0.60 0.56 0.50 0.48 0 .54 1.05 0.48 0 .88 0.97 0 .64 0 .63 0 .51 0.32 0.04 0.29 0.06 0.35 &.29 0 .33 0.48 0.30 0 .26 
Gd 1.55 1.81 1.79 1.59 1.50 1.83 1.70 2.33 2.62 2.23 2.10 1.49 1.20 0.14 1.22 0.22 1.05 0.95 1.45 1.76 1.24 1.06 
lb 0.19 0.21 0.18 0.22 0.17 0 .25 0.17 0 .26 0.23 0.26 0.30 0.20 0.17 0.02 0.15 0.03 0.17 0.14 0 .18 0.21 0.15 0.13 
Dy 1.02 1.23 1.06 1.39 0.87 1.32 0.98 1.35 1.13 1.47 1.83 1.09 0.94 0.10 0.86 0.18 1.06 0.92 1.01 1.25 0.83 0 .74 
Ho 0 .20 0.24 0.21 0 .26 0.18 0 .26 0.19 0 .24 0.16 0.25 0.34 0.21 0.19 0 .02 0 .17 0.04 0.21 0.19 0 .20 0.24 0.17 0 .15 
Er 0.61 0.77 0 .88 0.96 0.59 0.72 0.56 0 .70 0.47 0.71 0.98 0.63 0.59 0 .06 0 .60 0.11 0.60 0.88 0 .67 0.70 0.56 0.51 

Tm 0.10 0.14 0.11 0 .12 0.09 0 .10 0.09 0 .12 0.06 0.10 0.16 0.10 0.10 0 .01 0.12 0.0 1 0.11 0. 12 0 .11 0.12 0.09 0.09 
'Ill 0.74 0.90 0.61 0.85 0 .66 0.67 0.74 0 .93 0.32 0 .68 1.02 0 .64 0 .57 0.06 0.53 0.10 0 .73 0.61 0 .62 0.73 0.51 0 .44 
Lu 0.14 0.16 0.14 0.13 0 .13 0 .10 0.14 0 .11 0.06 0.12 0.18 0.11 0 .06 0.01 0.06 0.02 0 .12 0.09 0 .09 0.13 0.07 0 .07 
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Figure 7.14: Binary diagrams showing the variation of alkali and alkali earth 

elements (a) K-Rb and (b) K-Ba for samples from the Signal Hill Deposit. 

Solid circles are samples from borehole SGH 64 and open squares are 

samples from borehole SGH 71 (see text for discussion). 
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Figure 7.14(c) K-Sr plot which Indicates that arkosic metasedimentary rocks 

at Signal Hill Deposit from borehole SGH 64, contain high Sr (K/Sr ratios 

between 10 and 1 OO) compared to mature coarse-grained sandstones 
(borehole SGH 71) with ratios between 100 and 1 000. 
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2n 
64 (mica-chlorite schists and iron-rich conglomerates) vary between 10 and 100, while 

those from borehole SGH 71 (mature gritty quartzite) have K/Sr ratios of 100 and 

500. Such features are probably due to the fact the quartz-mica schists were derived 

from shales which are generally metal-rich, whereas the quartzites of borehole SGH 

71 are comparatively metal-poor. 

7.4.2.2 Sbasbe Deposit· 

The main alteration zones at the Shashe Mine show considerable overlap as 

seen from the formation of late quartz veins on the carbonate alteration (Figure 

7.11). The overlap makes it very difficult to compare geochemical analyses between 

the different zones. Despite this problem, distinct geochemical characteristics for 

some alteration zones can be observed and these are outlined below. Geochemical 

data for two types of samples from the Shashe Deposit are presented in Tables 7 .2a 

and 7.2b. Table 7.2a summarizes the geochemical data for underground chip samples 

from the N9 reef. The data, consisting only of major and trace elements, are from 

the mineralized zone, highly altered, and less altered wall rocks. The distinction 

between highly altered and less altered was based on analyses similar to those carried 

in Chapter 5 (i.e. microscopic and geochemical evidence and 1.01 < 2.5 in unaltered 

rocks). Table 7.2b contains geochemical data from borehole UKD 31 which 

penetrated about 60 metres of mineralized rock at the Shashe Mine. N9 data 

represent the geochemical characteristics of one zone, whereas borehole UKD 31 

traverses different mineralized zones. 



Table 7.2a: Geochemical data for rocks from the N9 reef zone at the Shashe Mine. 

SH02 SH03 SH05 SH09 SH 10 SH 11 SH 12 SH 13 SH 15 SH 16b SH 17 SH 19 SH20 SH21 SH22 SH25 SH26 SH27 SH 18 SH 28 SH29 AR 179 AR190 AR 196 
Si02 50.80 48.80 49.80 48.20 52.90 48.40 50.80 48.70 48.50 43.80 48.70 48.70 50.40 52.90 51.40 48.90 47.90 57.00 49.60 50.00 48.20 89.50 86.50 75.60 
Ti02 0.96 0.84 1.00 0.96 0.84 0.88 1.00 0.88 0.96 0.64 0.76 0.84 1.04 0.88 1.04 0.92 0.76 0.36 0.88 0.84 0.84 0.12 

1\1203 13.70 13.70 14.10 14.10 13.50 13.60 14.10 13.60 14.20 10.20 13.70 13.80 14.30 13.30 14.30 13.80 13.90 13.60 13.60 13.40 14.20 0.23 0.31 0.31 
Feo• 11.00 10.21 11.04 11.10 10.93 10.80 10.29 11.64 11.24 12.17 10.90 10.39 11.43 10.73 10.33 11.60 10.20 8.46 10.99 11.93 11.40 8.27 8.74 21 .65 
MnO 0.22 0.19 0.22 0.18 0.21 0.24 0.20 0.23 0.18 0.29 0.24 0.20 0.20 0.21 0.21 0.23 0.20 0.04 0.23 0.21 0.18 0.12 0.02 0.14 
MgO 6.56 4.99 5.35 7.04 3.09 5.64 5.66 4.87 7.02 4.18 5.64 4.89 5.58 3.03 5.67 4.79 4.92 0.87 5.69 4.82 7.09 0.16 0.03 0.07 
CaO 9.84 10.82 10.56 8.56 5.46 12.50 10.16 10.66 8.62 10.44 12.50 10.68 10.32 5.44 9.96 10.60 10.72 2.12 12.52 10.66 8.60 0.20 0.08 

Na20 2.59 2.42 2.72 2.59 3.18 1.82 3.00 1.86 2.68 1.74 1.80 2.24 1.62 3.17 3.00 1.86 2.25 3.78 1.83 1.88 2.60 0.02 0.01 
1<20 0.30 0.94 0.30 0.27 1.96 0.23 0.29 0.63 0.26 2.30 0.23 0.93 0.47 1.94 0.29 0.62 0.94 1.43 0.23 0.65 0.26 0.01 0.04 0.01 

P205 0.09 0.17 0.09 0.10 0.08 0.09 0.08 0.10 0.10 0.07 0.08 0.07 0.10 0.06 0.08 0.08 0.09 0.08 0.08 0.10 0.12 0.06 0.29 0.04 
LOI 1.46 2.64 2.43 3.91 3.07 3.53 2.18 2.07 3.74 4.12 3.68 2.68 2.18 3.07 2.13 2.17 2.73 5.98 3.86 2.38 4.31 1.13 1.88 0.26 
Cr 305 261 221 309 296 316 272 314 260 278 305 229 340 289 281 309 218 454 302 326 261 229 219 553 
Ni 129 125 94 137 99 142 125 122 126 100 140 96 137 99 128 121 94 150 140 125 127 7 6 5 
v 282 280 229 268 323 263 271 273 2n 227 258 229 294 321 270 275 227 322 262 278 279 2 7 14 

Cu 89 81 151 129 228 95 82 145 81 185 92 155 92 233 85 148 151 105 94 150 78 17 64 7 
Pb 5 13 1 4 1 6 1 1 12 6 5 6 14 31 1 6 4 
Zn 104 108 122 91 107 99 95 121 109 106 103 91 95 107 96 120 120 111 91 113 108 69 39 31 
K 2490 7803 2490 2241 16271 1909 2407 5230 2158 19093 1909 7720 3902 16105 2407 5147 7803 11871 1909 83 332 83 

Rb 9 7 30 10 67 4 16 26 6 4 30 17 67 19 27 30 64 4 
Sr 58 71 75 70 54 88 65 83 71 89 74 74 54 64 83 74 64 88 7 4 5 

Ga 15 15 18 16 17 16 15 15 14 15 16 18 16 17 14 16 18 24 16 16 16 2 
Nb 5 4 4 3 4 5 5 5 5 5 4 5 4 4 5 4 4 4 
Zr 59 71 79 59 58 58 63 59 71 57 80 62 59 60 60 79 62 58 1 6 
Ti 5755 5036 5995 5755 5036 5276 5995 5276 5755 3837 4556 5036 6235 5276 6235 5515 4556 2158 5276 719 
v 23 23 24 24 19 26 24 26 24 23 24 25 19 23 24 23 20 25 1 2 4 



Table 7.2b: Geochemical data for rocks from borehole UKO 31 at the Shashe Mine. 

UKO 31/1 UKO 31/3 UKO 31/5 UKO 31/6 UKO 31/7 UKO 31/12 UKO 31/14 UKO 31/16 UKO 31/17 UKO 31/19 UKO 31/21 UKO 31/22 UKO 31/23 UKO 31/24 UKO 31/25 
SI02 46.20 44.20 41.00 46.60 46.00 44.90 47.40 50.80 50.80 55.90 48.40 68.60 58.80 51 .00 50.20 
Ti02 

Al203 
Feo• 
MnO 
MgO 
CaO 

Na20 
K20 

P205 
LOI 
Sc 
v 

Pb 
Bi 

Mo 
K 

Rb 
Cs 
Ba 
Sr 
Tl 
u 

Ta 
Nb 
Hf 
Zr 
Ti 
v 

Th 
u 

La 
Ce 
Pr 

Nd 
Sm 
Eu 
Gd 
Tb 
Dy 
Ho 
Er 

Tm 
Vb 
Lu 

1.28 
13.50 
13.13 

0.23 
5.16 

12.06 
2.44 
0.31 
0.17 
2.10 

38.18 
352 

2.78 
0.09 
0.64 
2573 

5 
0.27 

61 
162 

0.10 
15.76 

1.01 
4.90 
0.87 

34 
7674 

26. 

1.23 
_0.35 
7.69 

18.59 
2.63 

13 
3.63 
1.30 
4.75 
0.77 
4.88 
1.01 
2.97 
0.42 
2.76 
0.38 

1.18 
12.10 
11.25 

0.23 
4.48 

15.26 
1.79 
0.51 
0.13 
6.72 

32.83 
297 

2.49 
0.06 
0.51 

4234 
28 

3.63 
187 
118 

0.51 
22.99 

0.51 
4.22 
0 .86 

32 
7074 

22 
1.04 
0 .28 
6.64 

15.82 
2.26 

11 
3.00 
1.03 
3.83 
0.60 
4.14 
0.89 
2.53 
0.37 
2.44 
0.32 

0.74 
11.50 
11.31 
0.26 
5.45 

16.84 
1.71 
0.23 
0.06 
8.17 

29.66 
224 

2.08 
0.05 
0.51 
1909 

7 
0.40 

28 
72 

0.11 
16.50 

0.64 
2.21 
0.65 

23 
4436 

16 
0.44 
0.13 
3.57 
8.28 
1.18 

6 
1.91 
0.91 
2.54 
0.42 
2.92 
0.59 
1.80 
0.26 
1.81 
0.26 

0.74 
13.60 

9.21 
0.22 
4.16 

13.56 
2.03 
0.96 
0.09 
6.94 

32.79 
263 

7.34 
0.08 
1.23 

7969 
35 

3.74 
290 

96 
0.62 

24.39 
5.82 
2.62 
0.41 

14 
4436 

18 
0.50 
0.15 
3.49 
8.82 
1.36 

7 
2.31 
0.69 
3.12 
0.50 
3.59 
0.75 
2.19 
0.32 
1.99 
0.34 

0.88 
16.10 
13.53 
0. 19 
8.07 
7.62 
2.35 
0.26 
0.08 
2 .62 

43.06 
252 

8 .41 
0.07 
0.43 
2158 

9 
0.83 

36 
131 

0.14 
31 .65 

1.78 
2.99 
0.38 

16 
5276 

21 
0.59 
0.17 
4.07 

10.64 
1.58 

8 
2.61 
0.19 
3.80 
0.64 
4.1 1 
0.85 
2.29 
0.30 
1.72 
0.22 

0.78 
11.70 
11.47 
0.21 
6 .65 

13.96 
1.24 
0.39 
0.06 
5 .73 

33.20 
264 

4.00 
0.06 
0.55 

3238 
16 

1.25 
33 
74 

0.25 
21.54 

2.42 
2.39 
0.16 

4 
4676 

17 
0.53 
0.14 
3 .73 
9.45 
1.38 

7 
2.19 
0.93 
2.90 
0.48 
3.16 
0 .68 
2.00 
0.29 
1.95 
0.27 

0.82 
13.00 
10.73 
0.20 
6.07 

12.76 
2.01 
0.21 
0.11 
4.04 

35.80 
277 

5 .00 
0.07 
0.28 
1743 

6 
0.90 

31 
133 

0.16 
17.04 
0.45 
2.57 
0.36 

12 
4916 

19 
0.55 
0.14 
3 .63 
9.31 
1.39 

7 
2.18 
0.88 
3 .08 
0.52 
3.41 
0 .73 
2.18 
0 .31 
2.05 
0 .29 

0.88 
14.90 
12.35 
0.16 
7.11 
6.68 
3.18 
0.14 
O.o7 
1.19 

27.00 
312 

3.70 
0.03 
0.75 
1162 

3 
0.32 

37 
110 

0.11 
23.83 

0.95 
2.59 
0.59 

21 
5276 

18 
0.62 
0.15 
3.92 

10.23 
1.52 

8 
2.41 
0.98 
3.26 
0.54 
3.54 
0.73 
2.15 
0.29 
1.85 
0.28 

0.88 
13.70 
12.07 

0.19 
7.06 
9.68 
2.39 
0.13 
0.07 
0.62 

35.70 
288 
1.77 
0.04 
1.29 

1079 
1 

0.12 
26 

138 
0.11 

13.62 
4.59 
2.40 
0.36 

11 
5276 

19 
0.56 
0.16 
3.87 
9.92 
1.46 

7 
2.22 
0.86 
3.27 
0.53 
3.60 
0.75 
2.23 
0.32 
2.01 
0.30 

0.96 
14.20 
9.48 
0.14 
4.34 
7.54 
2.20 
0.68 
0.13 
1.53 

25.77 
231 

5 .86 
0.09 
0.78 

5645 
28 

2.95 
236 

95 
0.39 

16.38 
1.74 
5 .49 
2.36 

90 
5755 

21 
3 .87 
1. 11 

16.71 
32.50 

3.83 
15 

3.61 
1.08 
4.29 
0.62 
3 .88 
0.81 
2.38 
0 .35 
2.29 
0.35 

1.02 
15.30 
11.27 
0. 16 
7 .52 
9.96 
2.15 
0.58 
0.07 
1.81 

39.60 
298 

8 .60 
0 .08 
0.26 

4815 
14 

1.59 
82 

124 
0 .17 

19. 16 
0.73 
3.53 
0.91 

30 
6115 

19 
0.37 
0 .10 
3 .57 
9 .57 
1.50 

7 
2.44 
0 .82 
3.35 
0.57 
3.74 
0.79 
2.15 
0.32 
2.08 
0.33 

0 .42 
14.40 

3.39 
0.03 
1.42 
5 .04 
2 .54 
1.97 
0 .12 
2.14 
4.70 

37 
8.00 
0 .17 
0 .55 

16354 
51 

7 .08 
211 
152 

0 .57 
20.58 

1.13 
4.39 
2.07 

75 
2518 

5 
0 .52 
1.42 

20.03 
34.73 

3.55 
21 

1.99 
0 .77 
2.00 
0.21 
1.07 
0.19 
0.54 
0.08 
0.43 
0.07 

0 .56 
19.10 

5.02 
0.04 
3 .57 
2.32 
2.76 
3.72 
0.14 
3.13 
6.45 

55 
3.70 
0.03 
0.57 

30881 
72 

8 .40 
709 
123 

0.58 
73.55 

0.95 
4.63 
2.99 
104 

3357 
7 

7.10 
1.89 

22.00 
4 1.65 

4.48 
16 

2.82 
0.98 
2.82 
0 .30 
1.50 
0.26 
0.69 
0 .09 
0.60 
0.09 

1.66 1.70 
13.10 12.80 
14.95 14.08 
0.23 0.22 
6.55 6.05 
7.38 8.28 
1.88 2.53 
0.26 0. 12 
0.10 0.14 
0.57 1. 15 

28.00 31.59 
423 395 

3.00 3.80 
0.07 0.05 
0.41 0.31 

2158 996 
7 1 

0 .61 0.03 
31 16 

123 169 
0.10 0.01 

22.03 15.81 
0.93 1.33 
4.70 0.00 
0.61 0.67 

17 22 
9952 10192 

29 30 
0.51 0.51 
0.10 0.11 
5.49 5.81 

14.54 15.55 
2.25 2.37 

12 12 
3.70 3.84 
~ .26 1.37 
5.14 5.17 
0.83 0.86 
5.57 5.75 
1.17 1. 19 
3.44 3.42 
0.49 0.49 
3.13 3.10 
0.47 IV 0.45 
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For the purposes of geochemical analysis, samples from both the N9 reef zone 

and borehole UKD 31 are divided into three main groups. These groups are the wall 

rock zone, the carbonate alteration zone, and the silicified zone with sulphide veins 

and biotite alteration zones. Samples SH 10, 16b, 21 and 27 (Table 7.2a) and samples 

UKD 31/22 and 31/23 (Table 7.2b) are all from silicified alteration zones, whereas 

samples SH 05 (Table 7.2a), UKD 31/1, 31/3, 31/5, 31/24 and 31/25 (Table 7.2b) 

are from the main carbonate alteration zone. Sample SH 16b carries both sulphides 

and late carbonate veins, whereas samples UKD 31/24 and 31/25 contain wider 

carbonate veins. The remainder of the samples in Tables 7.2a and 7 .2b have variable 

degrees of carbonate alteration. 

Major element data (Tables 7.2a and 7.2b) indicate that samples from the 

silicified zones, as expected contain the highest silica contents, between 52 and 69 

weight percent. Because samples from the silicified zones contain .both sulphides and 

the biotite alteration, their ~0 and total FeO contents are relatively high. CaO is 

low, 2 to 6 wt%, for most samples except sample SH 16b which contains late 

carbonate veins leading to higher values of CaO. Rb, Zr, U, Ba, Ni, Cu, Zn and Pb 

concentrations are relatively high in silicified zones compared to other zones, 

whereas Ti and Y are comparatively low. The most diagnostic geochemical feature 

of the carbonate alteration zones, as expected, are the high CaO contents ( > 12 

wt% ). The samples with the highest CaO contents also have the lowest silica 

contents. Rb, Ba, and Zr are comparatively low, whereas Ti and Y are comparatively 

higher. Sr is approximately equivalent in both the silicified and carbonate zones. 
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When samples from the Shashe Mine are plotted on a N~O-Ca0-K20 ternary 

diagram (Figure 7.15), most of the samples plot near the N~O-CaO side of the 

diagram and towards the CaO comer. Some samples plot within Condie and Allen's 

(1980) tholeiitic field (Figure 7.15). Samples from the silicified zone are displaced 

away from the main cluster towards the K20 comer. 

The silicified zones contain mineralized microfractures which occur as micro

bands of sulphide veinlets envelop~d by distinctive brown biotite. The presence of 

biotite in the silicification zone increases the potash or alkali element content of the 

silicified alteration zone. Samples collected from carbonate alteration zones are 

slightly displaced from Condie and Allen,s (1980) amphibolite field (Figure 7.15). 

They plot towards the CaO-N~O join (i.e. they have very low K20), due to the fact, 

that in some instances carbonate alteration zones contain relatively pure carbonate 

minerals with very minimal extraneous material. 

Base metals Cu, Zn and Pb from the N9 reef zone cluster along the Cu-Zn 

side of a Pb-Cu-Zn ternary diagram (Figure 7.16). This indicates that these alteration 

zones have relatively low Pb contents in comparison to Cu and Zn (Figure 7.16) 

irrespective of the type of alteration zone. On the basis of absolute values, however, 

Pb is comparatively enriched in the silicified zone compared to the carbonate 

alteration zone. Therefore, both host rocks and the mineralizing fluids that interacted 

with them contained too little Pb to make any significant changes in the Pb contents 

of the resulting alteration and mineralization zones. The banded iron formation 

sample (AR 190) plots in the same field as the alteration and mineralization zones 



CaO 

Cu 

Agure 7.15: Na20-Ca0-1<20 ternary diagram of mineralized and alteration 
zone sarr1'fes from the N9 reel at the Shuhe mine. Most of the altered 
and unaltered rock samples plot in Condie and Allen's (1980) Archean 
amphibolite field mariced by the field on the diagram. San1Jtes martted by 
(x) are from the silidfied zone (real) and are displaced away from the CaO 
corner in accordance with the formation of thla zone by silica replacement of 

the carbonate zone. Circles are samples from variably altered to ooaltered 

basaltic rocks. 

Agure 7.16: Pb-Cu-Zn ternary diagram of mineralized and alteration 
zone samples from the N9 reef at the Shashe mine. 1llese samples 
indicate that host basaltic rocks control the compoaitlon of the 
mineralization and alteration zones, in the same VI8'J that basaltic 
hosted volcanogenic maasive sulfides are erviched In Cu and Zn and 
depleted in Pb compared to Koroko VMS type deposits (felsic volcanic 
hosted). BIF sample AR 190 (open diamond) as plotted In the Shashe 
Deposit field. Other symbols are(+) for the silicified zone: open circles 

for variously altered and unaltered basaltic rocks. 
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at the Shashe deposit. The significance of this will be discussed later. 

Figure 7.17 illustrates the distribution of the alkali and alkali earth elements 

in samples from borehole UKD 31. Figures 7.17a, 7.17b and 7.11c indicate that K

Rb, K-Ba and Ba-Rb are positively correlated. They also vary within the ratio limits 

of 100 to 1000 for K/Rb, 10 to 100 for K/Ba and 2 and 10 for Ba/Rb. The variation 

is not distinct for individual alteration zones. Figure 7.17a shows that, in general, the 

mineralization zones have higher K and Rb contents than other alteration zones, 

including the unaltered host rock (UKD 31/17). Secondly, most altered samples 

contain lower K/Rb ratios than the unaltered rocks, suggesting that alteration 

displaces the K/Rb ratios to lower values. This is a function of the preferential 

partitioning of Rb relative to K into hydrothermal fluids. Therefore, the interaction 

of rocks with fluids containing comparatively lower K/Rb ratios would lead to an 

increase of Rb in altered rocks, and hence, lower K/Rb ratios. The K-Sr diagram 

(Figure 7.17d) indicates that Sr contents are relatively constant in all these zones. 

The similarities of the alkali and alkali earth element ratios within the mineralization 

and alteration zones at the Shashe Deposit indicate uniformity in the fluid 

composition. The constancy of Sr suggests that the mineralizing and alteration fluids 

did not significantly alter the Sr contents of plagioclase-rich host rock (basalt). 

Very few studies have been carried out on the distribution of Rare Earth Element 

(REE) in the alteration zones of mineral deposits, especially Archean mesothermal 

gold deposits. One of the pioneering studies in this field was that of Kerric:h and 

Fryer (1979) at the Dome mine in the Abitibi Belt which suggested that REE 
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Figure 7-17: Log-log diagrams Indicating the variation of alkali 
elements in alteration zones of Shashe Mine; (a) K-Rb, (b) K-Ba, 
Samples are from borehole UKD 31. Symbols are as follows: 
crosses (silicified zone or mineralization); open circles are 
carbonate alteration zones with visible sulfides; solid circles are 
carbonate zones of variable Intensity, asterisks are altered 
rocks that could not be separated into Individual zones; open 
triangles are amphibole zones; square = relatively fresh rock. 
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mobility is controlled by the relative stabilities of their carbonate, fluoride or 

sulphate complexes in alkaline solutions. They further indicated that HREE 

complexes are more stable than those of the LREE in alkaline solutions. This 

suggests the potential to fractionate the REE where, in the case of the Tati Belt 

deposits, HREE will be deposited in late forming alteration zones. 

There are several recent studies on the distribution of REE in hydrothermal 

systems from oceanic environments (Olivarez et al., 1989; Campbell et al., 1988), in 

geothermal waters (Michard, 1989; Sanjuan et al., 1988), in hydrothermal minerals 

(Morgan and Wandless, 1980), and in hydrothermal fluids (Wood, 1990; I...ottermoser, 

1992; Millero, 1992). The majority of these studies deal with REE distributions in 

hydrothermal fluids rather than REE distribution in alteration zones. However, 

because these fluids are responsible for alteration, and possibly mineralization, these 

studies are relevant to investigations of hydrothermally altered rocks. Most studies 

indicate that the fluid chemistry of REE in geological environments is very complex. 

Many of the ideas on REE fractionation and general distribution are based on 

extrapolations from studies at lower temperatures (Sverjensky, 1984; Wood, 1990; 

Millero, 1992). 

REE were determined in samples from borehole UKD 31 (Table 7 .2b) at the 

Shashe Mine to investigate the distribution of these elements in different alteration 

zones. Table 7.2b indicates that samples from the silicified and mineralized zones 

(UKD 31/22 and 31/23) have higher concentrations ofLREE (La-Nd) relative to the 

HREE(Sm-l.Al). Figure 7.18a summarizes REE distribution in the carbonate 
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alteration zone, it also compares the chondrite-nonnalized REE pattern of this zone, 

with that of unaltered basaltic rock (sample UKD 31/17). The carbonate alteration 

zone was sampled in such a way as to illustrate the progressive chemical changes 

from the less altered rocks to the most advanced alteration. 

Samples UKD 31/1 and UKD 31/3 represent different stages of carbonate 

alteration. UKD 31/1 contains thin carbonate veinlets, whereas in UKD 31/3 the 

number and sizes of the carbonate veins are greater. These samples exhibit similar 

REE patterns with slight enrichments in total REE, especially in the I.REE, 

compared to the host rock (UKD 31/17). They also contain small negative Eu 

anomalies. 

Samples UKD 31/24 and UKD 31/25 represent another variation in the 

carbonate alteration zone. In these samples the carbonate alteration bands are 

comparatively wider (L 5 em to <1 em) than those in UKD 31/1 and UKD 31/3. 

The samples contain elevated chondrite-normalized total REE contents (as do the 

other two) relative to the unaltered basalt, and they also contain small negative Eu 

anomalies. Compared to UKD 31/1 and 31/3, these samples have lower 

I.REE/HREE ratios. 

Sample UKD 31/5 (Figure 7.18a) is from the most advanced carbonate 

alteration zone and contains sulphide veinlets. This sample represents the transition 

from carbonate to silicified alteration zones (which are replacements of the 

carbonate alteration). This sample has the lowest total REE contents compared to 

the other four samples. The HREE are the most depleted when compared to the 
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unaltered basalt (UKD 31/17). The sample exhibits a positive Eu anomaly and 

contains the lowest Sr content (Table 7.2b). 

The REE patterns of the two samples from the silicified and mineralized zone 

are shown on Figure 7.18b. In comparison to the carbonate alteration, samples UKD 

31/22 and UKD 31/23 contain very high LREE ( > 100x chondri tic abundance). 

In summary, silicified/mineralized alteration zones have comparatively more 

fractionated REE patterns than the carbonate alteration zones. They are generally 

LREE-enriched and HREE-depleted (Figure 7.18b ). The carbonate alteration zones, 

on the other hand, are more complex. Sample UKD 31/5 is depleted in all REE and 

has a small positive Eu anomaly. The other four samples (UKD 31/1, 31/3, 31/24 

and 31/25) all contain relatively elevated chondrite-normalized REE abundances and 

small negative Eu anomalies, compared to the unaltered basalt (sample UKD 31/17). 

7 .4.4 Geochemistry of Banded Iron Formations 

Banded iron formations in the Tati Greenstone Belt have not received much 

geological attention and no modem data existed previous to this study for these rocks 

(especially geochemical data). Sulphide facies banded iron formations at Long 

Gossan, however, have been investigated for their massive sulphide potential 

(Johnston and Griffiths, 1983). This investigation revealed that although these rocks 

are barren, they contain pyrrhotitic and pyritic massive sulphide bands at depth, with 

minor disseminations and blebs of galena and sphalerite ± magnetite. Barite is also 

present, especially towards the top of the lithological package. Follow-up trenching 
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revealed pockets of metal concentrations (Z14 Pb, and Ag), which Johnston and 

Griffiths (1983) related to secondary re-mobilization and concentration. A similar 

exploration program was conducted in the Mphoeng area of Zimbabwe by 

Anhaeusser and Ryan (1979). This area is the extension of the Tati Greenstone Belt 

into Zimbabwe. The Mphoeng gossans are continuous with the Matsiloje banded iron 

formation ridge of Botswana, and probably represent the sulphide facies of the 

former. Figure 7.19 indicates that the stratigraphic columns for the banded iron 

formations of the Matsiloje Ridge and gossans of the Mphoeng area are comparable 

and both are overlain by carbonates. 

An extensive geochemical study of Archean banded iron formations in 

Southern Africa was undertaken by Oberthur et al. (1990). They suggested that 

banded iron formations from various parts of southern Africa have similar 

geochemical patterns, with flat chondrite-normalized REE patterns, distinct positive 

Eu anomalies and depletion in total REE. Figures 720a, 7.20b and 7.20c illustrate 

the ·REE patterns of the banded iron formations from the Tati Greenstone Belt. In 

Figure 7.20a REE contents of banded iron formations are normalized to chondrite 

values from Sun and McDonough (1989). In the other two diagrams, banded iron 

formation REE contents are normalized to host basalt rock (UKD 31/17) at the 

Shashe Deposit (Figure 7.20b) and to LREE-enriched basalts of the Tati belt (AR 

152). The reason for normalising REE contents in banded iron formations to basaltic 

rocks associated with the banded iron formations is to compare REE patterns in both 

rock types in order to assess if they are genetically related. H banded iron formations 
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were derived by alteration of basaltic rocks in rock-dominated reactions, then the 

REE patterns of the banded iron formations should reflect those of the source rocks 

(Graff, 1977). In general, these diagrams indicate a depletion in total REE relative 

to the normalizing basalts and well developed positive Eu anomalies. Relative to 

chondrite (Figure 7 .20a) and host basalt (Figure 7.20b ), banded iron formation 

samples are LREE-enriched and HREE-depleted. Compared to the l.REE-enriched 

mafic rocks (sample AR 152, Figure 7.20c), the depletion is basically uniform for 

both HREE and LREE (i.e. they contain flat REE patterns). The flat REE patterns 

of the banded iron formations when normalized to LREE-enriched basalt are 

consistent with their slightly LREE-enriched nature. Oberthur et al. (1990) suggested 

that the banded iron formation REE patterns may be related to their derivation from 

the leaching of seafloor basalts. 

Graf (1977) argued that massive sulphide bodies are commonly overlain by 

two types of iron-oxide sediments. The first type consists of a reddish sediment 

containing variable amounts of hematite and/or iron-oxyhydroxides. The second type 

consists of a magnetite-rich iron formation with iron carbonates, hematite, quartz and 

iron silicates. He further pointed out that these sulphide bodies are localized along 

the upper surfaces of volcanic flows and, therefore, form contacts between the 

underlying volcanic rocks and the overlying detrital sedimentary rocks or volcanic 

rocks. Mannington et al. (1986) observed that sulphide deposits forming in oceanic 

basins with high sedimentation rates, such as the active Guaymas Basin in the central 

Gulf of California, are very small. In these areas, sulphides are not commonly 
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associated with sulphide mounds but are deposited directly on the ocean floor. They 

observed that pyrrhotite is the earliest and most abundant sulphide miner~:. 

Gossans at the Mphoeng area of Zimbabwe (Anhaeusser and Ryan, 1979) and 

the Long Gossan of Tati Greenstone Belt of Botswana contain massive iron 

sulphides, mainly pyrrhotite and pyrite (i.e. similar to the massive sulphides at the 

Guaymas Basin). It is suggested that the similarities in REB patterns of banded iron 

formations of the Tati Greenstone Belt with those from other parts of Southern 

Africa (Figure 7.21a-7.21d) (Oberthur et al., 1990) indicate that these rocks may have 

been deposited from hydrothermal systems in similar environments. 

7.4.5 Fluid Inclusion Studies 

7 .4.5.1 Introduction 

Fluid inclusions in vein material, especially quartz and quartz-carbonate, 

represent a medium in which the physico-chemical characteristics of the fluids can 

be measured. In most cases, however, the regional quartz-carbonate veins are so 

small that the probability of finding any measurable fluid inclusions is minimal. The 

majority of samples investigated in this study, therefore, were collected from the 

Signal Hill and Shashe mines. Prior to this research, there has been only one fluid 

inclusion study carried out on all the gold deposits in the Tati Greenstone Belt and 

that was on the Signal Hill Deposit (Harwood, 1986). 

Two vein quartz samples were also collected from barren quartz outside the 

mining areas. Although numerous fluid inclusions of different types were found in 
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these two samples, the majority were too small to be studied. Only five fluid 

inclusions were found in one barren quartz sample from which thermometry data 

could be determined. The purpose of the fluid inclusion study was to evaluate, 

compare and contrast the nature of the fluids related to gold mineralization in the 

two mine case studies and the barren veins. The fluid inclusion data are summarized 

in Table 7 .3. 

7.4.5.2 Method or Study 

Microthermometry data on the fluid inclusions were collected using a Fluid Inc. 

heating/freezing stage mounted on a Leitz petrographic microscope. Measurements 

were carried out on doubly polished sample wafers. Freezing data were collected 

prior to heating to avoid destroying inclusions through decrepitation. 

Fluid inclusions can be classified as primary, secondary and pseudosecondaly. 

Primary fluid inclusions represent samples of the fluid from which the host mineral 

crystallized. Primary fluids are trapped at time of the host mineral growth and during 

the crystal nucleation process. They are, therefore, completely enclosed within host 

minerals. Their chemistry should reflect the chemistry of the mineralizing fluid. 

Measurement of their chemical parameters indicates the chemical composition of the 

mineralizing fluid and the physico-chemical conditions at the time of mineralization. 

Secondary fluids, on the other hand, are those fllirlds that traversed through 

crystals in the mineralized zones at some time after they bad formed. They are 

generally contained within healed fractures which traverse the lengths of host crystals. 
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Pluid Incl•ioo Data 

sample Type of Tb T T Tb T Salinity NaCl • • • Number Fluid oc oc oc co) Clat Equivalent 
Inclusion (g hrat wt% 

e 

Aqueous 182 250 35 
(6) (5) 

SGH 3-phase 272 23 7.6 4 
64/5 H

2
0-C0

2 
(7) (7) (7) 

2-phase 310 4.9 
H

2
0-C0

2 
(2) 

SGH 3-phase 256 26.4 9.9 2 
71/12 H

2
0-C0

2 
(8) (8) (9) 

3-phase 276 6.0 8 
SGH H

2
0-C0

2 
(4) (4) 

71/32 
2-phase 210 -0.3 0.5 

H
2
0-C0

2 
(4) (5) 

SGH 3-phase 219 -2.9 29.8 9.8 5 
71/22 H

2
0-C0

2 
(7) (2) (7) (7) 

TMP C0
2 

386 
23/19 Dominated to 

340 

Aqueous 218 -21 
TMP (3) (3) 

23/45 
H

2
0-C0

2 
235 
(3) 

Aqueous 170 -1.5 
(2) (2) 

SH 07 
H

2
0-C0

2 
232 25.4 9.7 3 
(5) (5) (5) 

UKD Aqueous 185 -16 19.6 
31/18 2 phases (4) (4) 

AR 90 Aqueous 158 -6.5 10 
2 (5) (6) 

phases 
(note: the numbers in brackets represent number of measurements) 
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Hence, chemical parameters measured from secondary fluids do not give in[Dnnation 

on mineralizing fluids or on the mineralization event. Where different generations 

of secondary fluids are present, however, chemical data can yield some information 

on the deformational history of the host. For example, pressure and salinity 
!:J 

measurements from such fluids might provide data on different episodcrs of uplift. 

Pseudosecondary fluids refer to late . fluids that were trapped when the host 

crystals were completely nucleated. Thex are commonly contained within healed 

fractures that are completely enclosed by the host crystal. Such fractures do no,t cross 

different crystals. These fluids are not Prlnl:lJY in the sense that they do not ~epfoesent 

samples of fluids from which the host crystals grew, but they represent late fluids 

which may have evolved from primary fluids. Pseudosecondary fluids may yield 

information about the evolutionary path of the mineralizing fluids. :,.· 

A total of 15 samples were prepared for fluid inclusion work. Of the 15 

samples, only 9 contained measurable inchisions. The majority pf the fluid in~IJsions 
are very small ( < 20,um) and are contained in fractures, su~esting that they are 

secondary inclusions. However, primary and pseudosecondacy inclusions were also 

observed, from which the measurements were made. 

:, . . 

7.4.5.3 Nature and Occurreoc:e of Fluid iDclusioos 

Mineralization and related hydrothermal alteration zones at the Shashe Mine 

can be subdiVided intll three stages. The first stage is responsible for the formation 

of the widely distributed pervasive carbonate alteration which was aCcompanied by 
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early quartz veining. The second stage was related to the formation of the silicified 

(reef) zone through the widespread replacement of the carbonate alteration. The 

third stage involved a series of small substages. It started with early fracturing of the 

silicified zone and emplacement of the gold-bearing sulphide-biotite zone. late 

quartz veining (with higher gold grades) followed the formation of sulphide-biotite 

alteration zone. 

Sampling was designed to assess and compare fluids from each stage. 

Although numerous fluid inclusions were observed in carbonate minerals of the 

carbonate zone, it was not possible to collect any useful data from them and so the 

attempt was abandoned. This is because most of the carbonate minerals are fine

grained, and therefore, they contain numerous fluid inclusions of very small sizes, 

which are too difficult to measure. Similar problems were experienced with the 

silicified zone. Data summarized in Table 7.3 from the Shashe Mine were, therefore, 

collected from late quartz veins only (late silicification). 

At Signal Hill only one hydrothermal system is interpreted to have been 

responsible for mineralization. Two fluid inclusion sites were identified and sampled. 

The materials studied were quartz veins related to mineralization and barren quartz 

veins within tension microfractures or shears. These microfractures accumulated 

fluids during the main fluid transport along the main shear zones (e.g. Plate 7.2). 

Since fluid inclusions in the barren quartz veins were very small in size and difficult 

to measure, fluid inclusion data from the Signal .Hill Deposit (Table 7.3) were 

derived from mineralized quartz veins only. 



300 

The classification scheme used in this study is slightly different from 

Harwood's (1986) classification of fluid inclusion data from the Signal Hill Deposit. 

Harwood (1986)'s classification scheme was as follows; 

1. Type A • C02-ricb fluid inclusions, commonly with liquid and gaseous C02• 

Type A fluid inclusions are mainly primary. 

2. Type B - aqueous fluid inclusions, with a bubble. Type B inclusions are 

primary and pseudosecondary fluid inclusions. 

3. Type C - aqueous fluid inclusions without a bubble. Type C are mainly 

secondary. 

In general, fluid inclusions from late mineralized quartz veins at the Shashe Mine 

and mineralized quartz veins at Signal Hill Deposit have similar compositions. They 

can be divided into three main types; A, B and C. Type A are mainly aqueous fluid 

inclusions with a vapour phase (Figure 7.22). Type B fluid inclusions consist mainly 

of C02 liquid and some have liquid and gas C02 (Figure 7.23). Type C are H2Q.C02 

fluid inclusions (Figure 7.24).Harwood's (1986) classification scheme was taken into 

consideration in deriving the classification used in this study. 

1. Aqueous fluid inclusions (Type A) consist of two phases with consistent 

proportions; a liquid H20-rich phase and a very small vapour phase that may 

be either C02 or H20 (Figure 7.22b). These fluid inclusions are the most 

widely distributed in all the samples. They also are the smallest which makes 

their study very difficult. A small number of these inclusions contain daughter 

minerals (Figure 7.22a). 
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2. C02-rich Fluid Inclusions (Type B) consist of 002-dominated fluid 

inclusions. They contain three phases which are difficult to recognize. 

These phases are: a C02 flui~ aqueous fluid and H20-gas. Type B 

fluid inclusions are the largest. 

3. H20-C02 Fluid Inclusions (Type C), although variable in size, constitute the 

largest occurrences in all the sa.nlples. The largest ones in the group are up 

to about 50,um. They vary in composition from two to three phase fluid 

inclusions. The three phase inclusions contain liquid H20, which is the 

dominant phase, liquid C02 and C02 gas. 

Two-phase fluid inclusions contain about equal proportions of liquid H20 and 

liquid C02 (Figure 7.24). There is a general overlap between types Band C fluid 

inclusions due to variable C02/H20 ratios. Type B fluid inclusions consist of all those 

inclusions in which the volumetric proportions of the C02 phase is greater than 90%. 

7 .4.5.4 Microthennometric Analysis 

In his study of the Signal Hill Deposit, Harwood (1986) carried out 

microthermometric studies on his type B fluid inclusions (i.e. two phase aqueous fluid 

inclusionS). They were found to have variable salinities from 8 to 13 wt% NaCI 

equivalent. The average homogenization temperatures were about 2300C. In this 

study over one hundred heating and freezing experiments were carried out on about 

30 plates from the 15 fluid inclusions sample wafers. The majority of the data are 

from the Signal Hill and Shashe deposits. 
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Freezing temperatures for the aqueous fluid inclusions (type A) range from 

-25°C to -6.5°C. The highest temperatures (-6.5°C) were recorded in a barren quartz 

sample (AR 90; Table 7 .3). These temperatures correspond to salinity ranges of 

between 10 and 21 wt% NaCI equivalent. Those fluid inclusions containing daughter 

minerals suggest salt concentrations of 35 wt% NaCl equivalent (Collins, 1979; 

Shepherd et al., 1985). 

Homogenization temperatures range from about 16<r'C to 208°C. Daughter 

mineral salt crystals dissolve at temperatures around 2500C. 

H20-C02 fluid inclusions (type C) are the most numerous in terms of 

inclusions of measurable size (> 20,um) and are perhaps the most complicated. 

Freezing experiments show that melting starts at about -56°C corresponding to the 

melting of solid C02• The melting continues to temperatures of about -1.5°C when 

tile last ice disappears. The final measurable melting temperatures are those of a 

clathrate solid which fall between 4.5° and about 10.5°C. Salinity calculations indicate 

that these are very low salinity solutions. Salinity ranges from 0.5 to about 8 wt%, 

with an average of about 5 wt% NaCl equivalent. 

Most of the type C fluid inclusions contain small C02 vapour bubbles that 

homogenize into liquid C02 at about 30.TC (Figure 7.25c). Homogenization 

temperatures range from 235°C to 2600C (Figure 7.25a) for the majority of the three 

phase H20-rich fluid inclusions. C02 dominated type C fluid inclusions generally, 

have higher temperatures, between 285 and 31CfC (Figure 7.26). 

The 002-rich fluid inclusions (type B), despite the fact that they are generally 
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the largest in size, are the most difficult to study. This is especially true for freezing 

experiments. Homogenization temperatures for type B fluid inclusions range from 

386 to 4300C. 

7.4.6 Oxygen and Carbon Isotope Geochemistry 

7.4.6.1 Introduction 

Oxygen and carbon isotope compositions of carbonate in mineralized quartz 

veins from mesothermal gold mineral deposits fall within restricted compositional 

ranges of 12.5 to 15 per mil and -11 to 0.5 per mil, respectively (Kerrich, 1989). 

Oxygen and carbon isotope compositions are homogeneous irrespective of the host 

rock type. The uniformity in both oxygen and carbon isotope compositions in 

mesothermal gold deposits has been interpreted to indicate that the carbonate 

precipitated from a water dominated hydrothermal system. Oxygen and carbon 

isotopic compositions of mesothermal gold deposits overlap with the isotopic 

compositions of major fluid reservoirs such magmatic fluids, metamorphic fluids, 

meteoric fluids and juvenile fluids. This overlap has led to a debate regarding the 

sources of mineralizing fluids (Kerrich, 1989; Burrows et al., 1986; Colvine et al., 

1984; Cameroon, 1988; Nisbett et al., 1987). No attempt in this study is made to use 

oxygen and carbon isotopic composition to assess the nature of the source of the 

mineralzing fluids; the isotope compositions derived in this study are only used to 

compare the isotopic compositions of gold deposits of the Tati Greenstone Belt to 

Archean mesothermal gold deposits elsewhere. On this basis only six samples from 
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the carbonate alteration zones were analyzed for carbon and oxygen isotopes and the 

results are summarised in Table 7.4. Four of the samples (TMP 23/10, TMP 23/25, 

TMP 23/26 and UKD 31/10) are core samples of quartz-carbonate alteration veins 

from the two boreholes at the Shashe Mine. One sample (SOH 64/17) is from a 

borehole at the Signal Hill Deposit. The sixth sample (AR 218) is a sedimentary 

carbonate rock associated with banded iron formation in the Golden Eagle 

Formation of the Lady Mary Group. 

7.4.6.2 Oxygen Isotopes 

Athough the sample base is small, two distinct oxygen isotopic compositions 

can be recognised in carbonate alteration zones at the Shashe Deposit. The first is 

defined by samples from the main part of the mineralization zone (UKD 31/10 from 

borehole UKD 31, and TMP 23/10 and TMP 23/25 from borehole TMP 23). The 

£5180 values of these samples vary from + 11.9 to + 16 per mil (Table 7.4). The d180 

values of these three samples show a crude correlation with stratigraphic position. 

Isotopically enriched samples were collected at higher stratigraphic positions (i.e. 

shallower depth). A similar covariance of oxygen isotopic composition with 

stratigraphic positions were recognised in gold deposits from the Archean Timmins 

District (Fyon et al., 1983). This phenomena has been suggested to be related to 

decreasing precipitation temperatures with increasing stratigraphic level. 

The second isotopic composition in carbonate minerals of the Shashe Mine 

is defined by only sample (TMP 23/26). This sample is from a small, massive 



TABLE 7.4 

Carbon and oxygen Isotopic Composition of carbonate separates from the Tati Greenstone 
Belt. 

laple lfllllhft Location llineral (Rock) TJpe 110 cc 
13c cc 180v 

TMP 23/10 Shashe Mine Calcite-Quartz Veins +13.1 -0.9 +6.6 

TMP 23/25 Shashe Mine Calcite-Quartz Veins +11.9 -5.7 +5.4 

TMP 23/26 Shashe Mine Calcite Veins + 7.4 -7.0 

UI<:D 31/10 Shashe Mine Calcite-Quartz Veins +16.0 -4.6 +6.7 

SGH 64/17 Signal Deposit Calcite-Quartz Veins +13.7 -1.2 +4.4 

AR 218 Golden Eagle Limestone +16.7 +0.5 n;a 

cc • calcite w • water 

The oxygen isotopic composition of hydrothermal fluids from which the carbonate minerals 
in larbonate-quartz veirs were deposited, were calculated using the following equation: 1000 
1~ 2 =& -~ = A(106T- )+B where T = Absolute Temperature. 1 and 2 are phases with isotopic 
composition \ 1 and b 2 respectively and A and Bare temperature dependent constants (A= 2.78 
and B = -2.89 for temperatures between o and 50o0 c from data compiled by Faure, 1986). The 
temperature used in the calculations was approximated from fluid inclusion homogenization 
temperatures (273°C). n;a =not applicable. 
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galena-sphalerite bearing carbonate vein (g 7 em thick). The vein bas the d1SO value 

of + 7.4 per mil. The galena-sphalerite-bearing carbonate vein is fracture-controlled, 

and bas been suggested to be a product of the secondary mineralization event (M. 

Chiepe, 1990, per. comm.)! The sample (TMP 23/26) is from tbe deeper part of 

borehole TMP 23 compared to samples TMP 23/25 and TMP 23/10. The d1SO value 

of sample TMP 23/26 is very much different from tbe other two. No significant 

conclusion can be reached on the basis of these three samples, nevertheless the 

galena-sphalerite vein appears to have been formed from a fluid of different 

composition than that which formed the other two samples. The d1SO value of + 7 

per mil for this vein, although lower than that of tbe main system, still falls within 

the general limits of Archean gold deposits (Figure 7.27). The d180 values from such 

deposits generally overlap the fields of magmatic and metamorphic hydrothermal 

fluids (e.g. Kerricb, 1989; Golding et al., 1989). The sample from the Signal Hill 

Deposit (SGH 64/17) with a 6180 value of + 13.7 per mil falls within the trend of the 

main carbonate alteration zone at the Shashe Deposit. 

It has been suggested in the literature that mesothermal gold deposits formed 

at average temperatures of around 2500C (e.g. Nisbett et al., 1987). In the Tati 

Greenstone Belt, Harwood (1986) argued that the main mineralization at Signal Hill 

was deposited at around 2500C. Fluid inclusion data derived in this study suggest that 

mineralization may have occurred at an average temperature of 273°C. Therefore, 

isotope compositions of the mineralizing fluids were calculated based on a fluid 

inclusion homogenization temperature of 273°C (Table 7.3). Calculated d1SO values 
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for the main mineralizing fluid at the Shashe Mine range between + 4 and + 7 per 

mil. The 6180 value of + 16.7 per mil for the limestone (sample AR 218) from 

Golden Eagle Formation is at the higher end of the gold deposit values (Figure 

7.27). 

7.4.6.3 Carbon Isotopes 

Carbon isotopic compositions of the carbonate separates are summarized in Table 

7.4. In general, d13C values show compositional variations similar to those of the 

oxygen isotopes with an enrichment of 613C values with an increasing stratigraphic 

level (i.e. decreasing with depth in borehole TMP 23). The lowest 613C value is also 

found in the Pb-Zn vein, similar to the oxygen isotopic composition (Figure 7.28). 

The 613C value of the limestone sample is 0.5 per mil. This value is similar to that 

of Archean carbonates deposited in a marine environment (Longstaffe, 1983, Kerrich, 

1989). 

7.4.6.4 Summary on Oxygen and Carbon lstopic Data 

The main conclusion to be derived from this small database of oxygen and 

carbon isotopic compositions is that the isotopic compositions of the Archean Tati 

Greenstone Belt gold deposits fall within the fields of mesothennal gold deposits 

from elsewhere (i.e. 12.5 to 15 per mil and -11 to 0.5 per mil for oxygen and carbon, 

respectively). It is also concluded that the galena-sphalerite vein in borehole TMP 

23 at the Shashe Mine was deposited from a fluid that had a different composition 
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compared to that which deposited the major gold mineralization. 

7.5 Occurrences or Banded Iron Formations and Gold Mineralization 

Banded iron formations of the Tati Greenstone Belt crop out at different 

stratigraphic positions throughout the entire belt. The best occurrences, however, are 

found at contacts between different volcanic rock units. The most prominent of these 

occurrences are in the Golden Eagle Formation which marks the contact between the 

Lady Mary and Phenalonga groups, and the Dinuku Formation which separates the 

Phenalonga and Selkirk groups. Several other occurrences have been mapped 

elsewhere in the belt such as the Matsiloje Ridge. Most of the banded iron 

formations occur as laterally discontinuous low lying hills and have variable 

thicknesses. The banded iron formations are generally either overlain by, or 

interbedded with, limestones and minor clastic sediments. 

Three compositional facies may be recognized in the Archean banded iron 

formations, i.e. siliceous oxide, carbonate, and sulphide facies. The siliceous oxide 

facies consist of thin alternating bands of iron oxides (mostly magnetite or hematite) 

and chert. In most cases this variety is brecciated and consists of angular chert 

fragments in a reddish-brown jaspilitic matrix. The sulphide facies consist of yellow 

to black, crudely banded gossaniferous varieties and usually contain massive bands 

of mainly pyrrhotite and pyrite (Anhaeusser and Ryan, 1979; Johnston and Griffiths, 

1983). Carbonate facies banded iron formations generally occur as crudely banded 

massive lenses of maroon coloured carbonate units (mainly siderite). 
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In section 7.4.4, banded iron formations of the Tati Greenstone Belt were 

suggested to have similar characteristics to those of ancient massive sulphides and 

modem oceanic massive sulphides on the basis of the nature of constituent iron 

sulphide minerals and their relationship with sedimentary rocks at the top of major 

volcanic sequences. M~sive sulphide deposits in modem oceanic environments are 

known to contain gold and related metals as pockets in low temperature areas of the 

depositing hydrothermal system (e.g. Hannington et al., 1986). Although it cannot be 

proven at this stage that banded iron formations contained sufficient quantities of 

gold to lead to the formation of the gold deposits in the Tati Greenstone Belt, it is 

speculated that the distribution of the gold deposits and banded iron formations 

indicates that they are genetically related. Foster and Wilson (1984) and Kramers 

and Foster (1984) have also noted the importance of banded iron formations to 

Archean gold deposits in Zimbabwe, particularly those related to the 3.5 Ga 

~reenstone belts. 

7.6 Discussion 

This section presents a synthesis of geological, geochemical and isotopic 

characteristics of gold mineral deposits from the Tati Greenstone Belt. The synthesis 

draws on all of the data presented in this chapter, especially data from both the 

Signal Hill and Shashe Deposits. Reconnaissance and past production data have also 

been taken into consideration. 
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7.6.1 Summary or Geochemical Data or Mineral Deposits 

A recent trend in metallogenic research has been to compare Archean 

mesothermal gold deposits with Mesozoic mesothermal gold deposits (e.g. Nesbitt et 

al., 1986; Kerrich, 1989; Kerrich and Feng, 1992). One of the most important 

characteristics of mesothermal gold deposits from both periods is that they contain 

low abundances of base metals. There has, however, never been any study carried out 

to investigate whether there are variations in base metal contents between Archean 

mesothermal gold deposits. In this section, an attempt is made to document the 

metallic variations between gold deposits of the Tati Greenstone Belt. This is done 

by making comparisons similar to those of Shikazono and Shimuzu (1992) in a study 

of vein mineral deposits hosted by Cretaceous to Quaternary island arc volcanic rocks 

in the Japanese Islands. 

The Japanese vein-type mineral deposits were subdivided into two main types 

on the basis of metallic associations; (i) Au-Ag and, (ii) base metal types. The main 

metals produced from the Au-Ag type deposits are Au, Ag, Te, Se, and Cu 

(Shikazono, 1985; Shikazono and Shimuzu, 1992). This type of deposit also contains 

accessory metals Hg, TI, Sb, As, and Cd. The Au/ Ag ratios (by weight) estimated 

from past production data in these Japanese vein-type deposits vary between 1 and 

100. Other characteristics of the Au-Ag type include abundant pyrite and hematite. 

Depositional temperatures range between 17fr and 25WC, and fluid inclusion 

salinities vary from 0 to 3 wt% NaCI-equivalent. Common gan~e .. minerals are 

quartz, chalcedonic quartz, adularia, calcite, smectite, interstratified mica-smectite, 
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interstratified chlorite-smectite, sericite, zeolites and kaolinite. 

Metallic associations for the base metal type are Cu, Zn, Pb, Mn and Ag. In, 

Ga, Bi, As, Sb, W and Sn are accessory metals. Base metal type deposits contain 

chlorite, quartz, sericite, carbonates (calcite, rhodochrosite and siderite), and 

magnetite as gangue minerals. Salinities range from 3 to 10 weight percent Naa 

equivalent in fluid inclusions, and temperatures of deposition vary from 2000 to 

3<XY'C. In genera], Shikazono and Shimizu (1992) conclude that base metal type 

deposits form at greater depths than the Au-Ag type. 

Table 7.5a summarizes the metallic associations of the gold deposits in the 

Tati Greenstone Belt. The gangue mineraJs in these deposits, where data are 

available, are listed in Table 7.5b. The data do not enable subdivision of the Tati 

Greenstone Belt gold mineral deposits into Au-Ag and base metal types. There are, 

however, several comparisons that can be made. Metallic associations and gangue 

mineraJs (Table 7.5a and 7.5b) suggest, for example, that the Signal Hill deposit has 

some similarities to Shikazono and Shimizu's (1992) Au-Ag type. Most of the other 

deposits, although containing various metallic associations, approximate Shikazono 

and Shimizu's (1992) base metal vein-type deposits. 

Fluid inclusions in samples collected from the Shashe and Signal deposits were 

found to have different composition types in any one sample. Different types of fluid 

inclusions commonly dominate in any one fluid inclusion trail, cluster or fracture ( cf. 

Robert and Kelly, 1987). In general, the H2Q.C02 fluid inclWiions (type C) appear 

in minute quantities in regions dominated by either 002-rich (type B) or aqueous 
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TABLE 7.5a 

Metallic associations in gold deposits of the Tati Greenstone Belt. Metals listed in the 
table occur together with Au and/or Ag. 

Mineral Deposit Metallic Association 
Group 

Cu Pb Zn Sb As w Sn Bi 

Shashe X X X X X - - -

Golden Eagle - X X - X X X -
Charlie - - - - X - - -
New Zealand - - - - X - - -
Blue Jacket - - - - X - X -
Flora - - - - X - - -
Signal Hill X - X X X - - X 

Rainbow X - - X X X - -

Vennaak - - - - X X - -

Phenalonga X X X - X - - -
Bonanza X - - - X - - -
Cherished Hope - - - - X - - -
Francis town - - - - X - - X 

Monarch 
X X - - X - - -

X- resent based on mmeralo gy p ot hands pe cunens; HI re po rtea as > 1000 ppm;-·-
absent and/or not · reported 
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TABLE 7.Sb 

Gangue Minerals in gold deposits of the Tati Greenstone Belt. Minerals listed are in 
addition to quartz which is ubiquitous in all deposits. 

Mineral Deposit 
Groups 

Shashe 

Golden Eagle 

Charlie 

New Zealand 

Blue Jacket 

Flora 

Signal Hill 

Rainbow 

Vermaak 

Phenalonga 

Bonanza 

Cherished Hope 

Francis town 

Monarch 

Gangue Minerals 

py p c I mba h k s v w d 

X X X X i X i X X X 

X X X X X X X X 

X i X i X i X 

X X X X 

X X i i X 

X X i i 

X i i i i X X i 

X X X i X i X i 

X i i 

X X X X i 

X X X X X i X 

i X i X i 

i X X i 

X X· X· X·· i Xi· i 

py-pynte; p=pyrrhotite; c=calate/dolonute; I-chlonte; m=marcas1te; ~=biotite; 
a=ankerite/siderite; h=hematite; k=kaolinite; s=sericite; v=muscovite; w=mackinawite; 
and d =amphibole (homblende/actinolite/tremolite ); i =minor occurrence and x=abundant. 
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inclusions (type A). The other two types rarely occur together and this is common 

for both deposits examined, i.e. Signal Hill and Shashe. 

Homogenization temperatures tend to be highest in the C02-rich inclusions 

(386-430"C). It was not possible to calculate salinities for this type of fluid inclusion. 

The aqueous fluid inclusions (type A) have the lowest homogenization temperatures 

(170-185°C) and highest salinities (19.6-35 wt% NaCl equivalent). Homogenization 

temperatures for the type C H20-C02 fluid inclusions fall into two ranges. The lower 

temperatures (210-240"C) were measured on two phase type C fluid inclusions. 

Higher temperatures (272-310"C) for this group are from the three phase fluid 

inclusions. Salinities for type C fluid inclusions range from 0.8-8 and 10-23 weight 

percent NaCl equivalent, respectively. 

According to Sbikazono and Shimizu (1992) and Shikazono (1985), fluid inclusion 

temperatures are 150-2500C for the Au-Ag type and 200-3500C for the base metal 

type in Mesozoic vein deposits of Japan. Fluid inclusion filling temperatures of gold 

deposits from the Tati Greenstone Belt are comparable to these. 

The carbon and oxygen isotopes of carbonate separates from the two deposits 

in the Tati Greenstone Belt fall within the isotopic compositional limits of Archean 

and other mesothermal gold deposits (Kerrich, 1989; Golding et al., 1989; Nesbitt et 

al., 1986;1989). 

7.6.2 Relationship or Banded lroD FormatiODS to Gold MiDeralizatioD 

The resemblance of banded iron formations to barren massive sulphides from 
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oceanic spreading axes is a very interesting point. Scott (1990) descn"bed the mode 

of emplacement of massive sulphide deposits in sediment-covered spreading ridges. 

He suggested that hydrothermal fluids are discharged under a sedimentary rock 

cover. The dissolved metallic loads are, therefore, dumped in the sediments through 

chemical interaction. Hannington et al. (1986) also compared barren massive 

sulphides at sediment covered ridges (e.g. Guaymas Basin) with those from sediment

starved ridges, such as the Explorer ridge in the Pacific. They concluded that 

sulphides from sediment-starved ridges are generally better mineralized than those 

from sedimentary covered ridges. 

The mineralization at ridge settings is zoned from high temperature Cu-rich 

deposits to Zn-Pb dominated, and finally to lower temperature Pb-Zn deposits with 

high concentrations of Au-Ag-Sb-As-Ba and Si02• It is interesting to note that the 

metallic associations at the Long Gossan and the Shashe Group of deposits, all from 

the Tati Greenstone Belt, are similar to metallic associations of the low temperature 

mineralization components of massive sulphides at oceanic spreading ridges (Table 

7.5). 

Oberthur et ,:tt. (1990) observed that Au in banded iron formations correlates 

with As and S, and banded iron formations contain elevated abundances of these 

elements. The metallogenic importance of sulphide facies banded iron formations is 

that they were deposited by large scale hydrothermal systems, whose waning stages 

may have been related to gold enrichment. 
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CHAPI'ER EIGHT 

8. METALLOGENIC MODEL FOR THE TATI GREENSTONE BELT GOLD 

DEPOSITS 

8.1 Introduction 

There are several unifying characteristics that tie the mesothermal gold 

deposits within the Tati Greenstone Belt together. These deposits may, therefore, be 

explained by a single genetic model in which different deposits represent separate 

parts of the same hydrothermal system. Regional distributions of gold deposits in the 

Tati Greenstone Belt and their relationships with major structures and stratigraphy 

of the belt are combined to develop a metallogenic model for these deposits. The 

model proposed is, however, largely speculative, as some of the ideas used in 

developing the model cannot be substantiated with the present data. For example, 

the role played by banded iron formations in gold mineralization in the Tati 

Greenstone Belt is inferred from the general associations of gold deposits with 

banded iron formations in the belt (Figure 7.6). It is also inferred from the general 

association of banded iron formations with massive sulphides at modern oceanic 

environments (Scott, 1990; Hannington et al., 1986) and ancient massive sulphide 

deposits (Graf, 1977). It is not possible at this stage to show any systematic variation 

of gold and related metals in different facies of the banded iron formations and how 

this might relate to the distribution of the mineral deposits. It is, however, hoped that 

the proposed model will act as a building block or foundation for future research. As 
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more data become availablet these ideas can be tested and evaluated. 

8.l Gold Deposits in Archean Greenstone Belts of Zimbabwe 

This section will present a brief review of gold deposits in greenstone belts 

from Zimbabwe in order to compare and contrast them with those of the Tati 

Greenstone Belt. Several reviews concerning gold deposits in Zimbabwe have been 

carried out by a number of authors (e.g. Robertso~ 1973; Kramers and Foster, 1984; 

Foster and Wilson, 1984; Porter and Foster, 1990). Robertson (1973) carried out an 

extensive study of the lead isotope systematics in Archean gold deposits from 

Zimbabwe and found that the deposits could be subdivided into two broad groups 

on a Pb-Pb plot (Figure 8.1a). These groups were: (i) Que Que-type lead, and (ii) 

Bulawayo-type lead, named after the major Zimbabwean greenstone belts in which 

they occur. 

The Que Que-type lead isotopic composition has comparatively higher 207Pb/204Pb 

ratios and, thus, is more radiogenic than the Bulawayo-type. In general, Que Que

type lead isotope compositions are found in areas east of the Bulawayo-type lead 

isotope signatures such as Mashaba, Fort Victoria and Que Que, whereas deposits 

with the Bulawayo-type lead isotopes occur around Bulawayo, Filabusi, and Gwanda 

(Figure 2.4). 

As pointed out in Chapter 2, areas east of the Great Dyke contain relatively 

K-rich granitoids and granite gneisses, whereas areas to the west are dominated by 

volcano-sedimentary rocks and tonalites. The older granitoid gneisses are more 
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common to the east of the Great Dyke than in the west. The Que Que-type deposits 

also form a linear array on a Pb-Pb diagram whose regression line can be interpreted 

as a "secondary isochron" (Figure 8.1a). The secondary isochron should indicate two 

distinct ages; to. the age of the mineralization, and t1, the age of the lead source. 

Robertson (1973) calculated that if the age of the mineralization is fixed at 2.7 Ga 

on the basis of regional geochronological controls, the source age would be ca. 3.5 

Ga. 

Robertson's data were reviewed by Kramers and Foster (1984) and the data 

were re-interpreted on the basis of both Stacey and Kramers's (1975) growth curve 

and Doe and Zartman's (1979) plumbotectonic model. All of the data (both Que 

Que and Bulawayo-types) plotted (Figure 8.1b) above Stacey and Kramers' (1975) 

average growth cutve, which is equivalent to the "Orogen" curve in Doe and 

Zartman's (1979) plumbotectonic model. The complete data set also formed an 

inverted triangle above the growth curve (Figure 8.1b). Kramers and Foster (1984) 

suggested that the data actually defined a spectrum of Pb isotopic compositions of 

which the Que Que and Bulawayo types are the extremes (Figure 8.1b). The data 

also indicated that, although there was continuous variation from one end of the field 

to the other, regional variations in the isotopic compositions of the deposits were 

apparent. For example, deposits from central Zimbabwe and east of the Great Dyke 

tended to plot towards the right side of the triangular field (Figure 8.1b ), whereas 

those from the west plotted at the top left of the triangular field. Kramers and Foster 

(1984) interpreted the lead isotopic compositions as indicating the mixing of Pb 
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isotopic compositions from sources of different compositions, a low U /Pb source and 

high U /Pb source. It was suggested that lead isotopic compositions to the west 

(Bulawayo-type) were derived primarily from the mantle during greenstone 

volcanism, and subsequently mixed with crustal lead to produce variable signatures. 

The Que Que-type lead isotopic compositions on the other hand, were believed to 

have formed in two stages. The first involved derivation of lead and other metals 

from a high U/Pb ratio source (old granitic gneisses) and deposition in a low U/Pb 

ratio source at about 3.5 billion years. The low U /Pb ratio lead sink is believed to 

have been banded iron formations (BIF) of the 3.5 Ga Sebakwian Greenstone Belts. 

The lead deposited in the low U /Pb source (BIF) retained its original composition 

(i.e. high U /Pb) until it was remobilized at around 2.65 Ga to form deposits with 

Que Que-type lead isotopic compositions. Therefore, the more radiogenic nature of 

the Que Que-type deposits is a reflection of their occurrence in the eastern areas 

dominated by older gneisses and granitoids and with fewer volcanic rocks. 

No Pb-isotopic data for gold deposits of the Tati Greenstone Belt are 

available to compare with those of the Zimbabwe side of the Zimbabwe Craton. It 

should be noted, however, that since the Bulawayo-type Pb isotopic signatures in gold 

deposits occur in greenstone belts in western Zimbabwe, the western part of the 

craton to which the Tati Greenstone Belt belongs, it is probable these signatures 

could also be found in the Tati Greenstone Belt. 

In addition to the work on lead isotopes in gold deposits, Foster and Wilson 

(1984) carried out a comprehensive review of the gold deposits in Zimbabwe. These 
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authors classified the gold deposits of Zimbabwe into two main groups: 

(1) Stratabound gold deposits hostc;d by banded iron formations, banded 

sulphides, volcaniclastic and clastic sediments. 

(2) Non-stratabound gold deposits hosted by veins and shear zones. 

Some of the features of gold deposits in Zimbabwe summarized by Foster and 

Wilson (1984) and Porter and Foster (1990) are similar to those in the Tati 

Greenstone Belt. For example, Porter and Foster (1990) argue that "carbonatisation 

(sic) was an important precursor event, rendering ultramafic rocks susceptible to 

brittle failure and subsequent vein emplacement." It was argued in Chapter 7 that 

carbonate alteration at the Shashe Deposit was pre-mineralization. The point raised 

by Foster and Wilson (1984) that gold mineralization in banded iron formations may 

have been deposited syngenetically with the host and then re-mobilized during 

deformation and metamorphism, is also similar to the conclusions in this thesis, 

though derived from a different perspective. 

Foster and Wilson (1984) argue that some gold deposits in greenstone belts 

of Zimbabwe are confined to a particular strata (e.g. banded iron formations), and 

on this basis they subdivided gold deposits in Zimbabwe into stratabound and non-
. .-_. 

stratabound. The observation presented in this thesis is that all deposits studied in 

the Tati Greenstone Belt occur at a particular stratigraphic position (especially 

towards the tops of major stratigraphic units). Secondly, these deposits occur in shear 

zones that are generally parallel to the stratigraphy and are therefore confined to 

particular strata, even though some occur at lithological boundaries between different 
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rock units. In this respect gold deposits of the Tati Greenstone Belt cannot be 

classified into stratabound and non-stratabound. 

8.3 Characteristics of Gold Deposits or the Tati Greenstone Belt 

Even though gold deposits of the Tati Greenstone Belt are hosted by all 

lithologi~l units within the belt, stratigraphic control on mineral deposit distribution 

seems to have been an important factor. For example, the Shashe Group (Figure 

7.1), the Golden Eagle Group (Figure 7.1) and the Phenalonga Group (Figure 3.10) 

occurrences are located at the tops of major stratigraphic units. Figure 7.6 illustrates 

the distribution of gold deposits in the Tati Greenstone Belt with respect to the 

distribution of banded iron formations and the distribution of banded iron formations 

is controlled by major boundary faults (Figure 7.6). Major structures, therefore, also 

play a very important role in the distribution of the gold deposits. The most 

important mineral deposit localization sites are areas where D3 shears cut the 

stratigraphy and D1 fault/shear zones. 

8.3.1 Summary of metallogenic features of gold mineralization in the Tatl 

Greenstone Belt 

There is a fair degree of consensus among researchers on a number of 

features found in mesothermal gold deposits, especially those in Archean greenstone 

belts. Such features may be summarised as follows: 

1. Compositions of the mineralizing fluids in Archean lode gold 



deposits as deduced from fluid inclusions, light stable isotopes and 

geochemistry of alteration zones are generally uniform. They are low 

salinity and low density C02-H20 fluids (Kerrich and Fryer, 1979; 

Perring et al., 1987; Colvine et al., 1984; Ho et al., 1985). 

2. Mineralization temperatures are estimated to have been between 

200 and 4000C at low confining pressures of about 1 to 2 kb, as 

deduced from light stable isotopes and fluid inclusions (Kerrich and 

Fryer, 1979; Perring et al., 1987; Colvine et al., 1984). 

3. Mineralization is structurally controlled and not confined to any 

particular lithology in the greenstone belt lithological assemblage 

(Colvine et al., 1984; Roberts, 1987). 

4. The mineral deposits are epigenetic (Browning et al., 1987; Colvine 

et al., 1984; Roberts, 1987). 

5. The ore metal association in Archean lode deposits is 

Au-Ag-As-W-Sb-Te (Groves and Phillips, 1987; Sang and Ho, 1987). 

6. Mineralization occurs after major periods of deformation and 

metamorphism. 
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Where data are available, gold deposits from tl:le Tati Greenstone Belt have 

similar characteristics to those from other Archean Greenstone Belts as summarised 

above. There are, however, certain characteristics observed in the Tati Greenstone 

Belt deposits that have not been interpreted as common characteristics of 

mesothermal deposits, although some have been observed by different researchers 



in different parts of the world. In particular: 

1. Gold deposits in the Tati Greenstone Belt generally occur in clusters 

or groups towards the tops of major lithological sequences. 

2. The distribution of these mineral deposit clusters or groups are 

controlled by structures, and are also associated with banded iron 

formations which themselves are structurally controlled. 

3. Gold deposits postdate the main foliation-forming deformation 

event, and are also localized at intersections of secondary shear zones 

and other related structures, such folds. 

4. Minor differences are observed between and within deposit 

groups/ clusters, in terms mineralogy and metallic association (e.g. Sb

Au at Signal Hill and Au-Ag-Pb at Phenalonga). The differences are 

related to different host rocks and, therefore, variable rock/water 

interactions. 
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5. Mineral deposits are more abundant in the komatiite-tholeiite sequence 

and also at the contact between Selkirk Group (calc-alkaline sequence) and 

the intrusive Selkirk Igneous Complex. 

6. The Phenalonga Group (calc-alkaline sequence) is comparitively poorly 

mineralized. 

8.4 Metallogenic Model 

A schematic metallogenic model for the Tati Greenstone Belt is provided in 
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Figure 8.2. Mesothermal gold mineralization in the Archean Tati Greenstone Belt 

can be summarized as having formed in three main stages. The first stage succeeded 

formation of the ultramafic-mafic rocks in a back-arc basin. Geochemical data for the 

ultramafic-mafic rocks of the Lady Mary Group (see Chapter 5) suggest that they 

were formed in a back-arc-like basin similar to modem ones. During this stage, 

circulation and leaching of metals from within the young basaltic crust by major 

hydrothermal flUids (Figure 8.2a) occurred. The metal-bearing hydrothermal fluids 

flowed along and were discharged through large terrane boundary faults, such as the 
t . ... 

Selukwe-Long Gossan Lineament (SLGL; on Figure 4.6), and dissolved metals were 

deposited as massive sulphides and/or ferruginous metalliferous sediments. 

The association of carbonate sedimentary rocks with the banded iron 

formations suggests that the banded iron formations were deposited on the seafloor, 

possibly under a cover of sedimentary rocks made up of carbonates and clastic 

sediments shed from nearby island arcs. These banded iron formations may have 

formed in a similar environment as massive sulphides of modem oceanic 

environments (Seott, 1990; Mannington et al., 1986; Richardson et al., 1987; Reed, 

1983). 

Large amounts of fluids, from which the massive sulphides, metalliferous 
.-;::::::.':·· 

sediments, or banded iron formations precipitated, flowed along terrane boundary 

faults. Residual fluids from such massive sulphide-depositing fluids deposit low 

temperature metal sulphides (Au-Ag-Sb-As-Pb-Zn± Hg± Ba) in pockets at sites distal 

to the main massive sulphide deposits (Mannington et al., 1986). Some of these 
.• 
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metals were also deposited in the cover sediment horizons. The metal leaching and 

deposition processes would have been accompanied by large scale alteration and it 

would appear that carbonate and quartz-carbonate veining of the greenstone belt 

rocks took place at this stage. 

In mineral deposits where carbonatization and silicification formed the main 

alteration processes, these alteration zones are more widespread than the 

mineralization. Data presented in Chapter 7 from the Shashe Deposit suggest that 

the auriferous mineralization was superimposed on the alteration zones. The best 

mineralized zones in the Shashe Deposit are brittle microshears superimposed on the 

extensive silicified zones. Early alteration processes induced competency and 

lithological heterogeneity in otherwise ductile supracrustal rocks. 

The second stage of mineralization resulted from the main deformation and 

metamorphism of the supracrustal rocks in the belt (Figure 8.2b ). The first 

deformational (D1) event was related to N to NE-directed folding and thrusting, 

which led to the N to NE overturning of the stratigraphy. The second deformation 

event (DJ was the main foliation forming event. Metamorphic dewatering (Groves 

and Phillips, 1987) would lead to regional veining of supracrustal rocks and the 

formation of layer-parallel quartz and quartz-feldspar veins (Sawyer and Robin, 

1986). This regional veining was a very important step in gold mineralization as it 

created favourable mineralization sites. These veins range in composition from 

quartz-feldspar near contacts between granitoid and host supracrustal rocks, to quartz 

and quartz-carbonate away from such contacts. 
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Subsequent DJD4 deformation events, or the later stages of the D2 

movements, resulted in the formation of secondary shear zones cross-cutting the 

stratigraphy (Figure 4.6). In addition, these layer /bedding parallel veins and early 

carbonatized and silicified zones became zones along which brittle failure was 

localised. This brittle failure resulted from their higher competency compared to the 

surrounding rocks and created favourable sites for gold mineralization. 

The third stage was related to the leaching and reconcentration of Au and 

related metals from earlier sites by secondary fluids. These late fluids were focused 

into earlier formed structures, remobilizing metals from metalliferous sediments 

(banded iron formations), sediments associated with banded iron formation (see 

Golden Eagle Formation) and/or any other alteration zones of the first stage. The 

third stage also coincided with a period of major granitoid magmatism. Granitoids, 

especially tonalites and trondhjemites (high alumina-type) at the margins of the belt, 

were intruded post-D2 and pre-D3• This is shown by deflection and disruption of the 

D2 foliation by granitoid intrusions and the shearing and faulting of quartz-feldspar 

veins near granitoid margins and quartz, quartz-carbonate veins away from such 

margins by D3 deformation. Dz/D3 deformation processes and granitoid magmatism, 

therefore, provided the thermal energy needed to initiate the circulation of the 

secondary fluids. 

The heated metal-rich hydrothermal fluids were driven upwards along all the 

different forms of fractures causing extensive alteration. Only those shear zones 

localized on early quartz-carbonate veins formed favourable sites for mineralization. 
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These early alteration zones, therefore, constitute an important control for 

mesothermal gold mineralization. The hydrothermal fluids reacted with early 

carbonate alteration minerals in quartz-carbonate veins to produce second generation 

silicification zones (see Shashe Deposits; Chapter 7). These silicification zones are 

similar to jasperoids described by Romberger (1985) from epithermal gold 

mineralization. Local small differences may exist between deposits in different rock 

types and these differences result from the interactions of fluids with host rocks. Even 

within the same deposit, minor differences may occur as a result of fluid/rock ratio 

variation during the formation of these deposits. Differences may also be related to 

the depth of emplacement of individual systems leading to overlap between 

epithermal and mesothermal characteristics. 

.:· · 

· '...:..::::::,-_.·· 
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CHAPTER NINE 

9. SUMMARY AND CONCLUSIONS 

9.1 Summary or Geological Characteristics 

The Archean has been defined as a period during which the Earth was unstable 

and the crust not rigid enough to sustain cratonic sedimentary basins (e.g. Windley, 

1981). The change from the mobile stage (Archean) to a period during which cratons 

were stable (Proterozoic) is generally fixed at about 2.5 Ga (Plumb and James, 1986). 

Some geologists, however, (e.g. Cloud, 1987; Nisbet, 1982) feel that the choice of a 

single isotopic date, 2.5 Ga, to define the Archean/Proterozoic boundary is incorrect. 

They contend that the boundary should reflect either major geological events during 

the period in question (Nisbet, 1982), or stratigraphy (Cloud, 1987). In other words, 

the boundary should reflect change in geological conditions, rather than be tied to 

isotopic age data. An example of the disagreement between ca. 2.5 Ga age and 

geology is seen in the Kaapvaal Craton of southern Africa. Some large cratonic 

sedimentary basins (e.g. the Pongola in Kaapvaal Craton) appeared much earlier 

than 2.5 Ga (between 2.8 and 2.9 Ga) and led Ohtani (1990) to suggest that there 

were early stabilized cratons (e.g. the Kaapvaal Craton) with ages between 3.5 and 

3.1 Ga, and younger cratons (e.g. the Superior and Zimbabwe Cratons) which 

stabilized between 2.9 and 2.5 Ga. 

In addition to the development of early cratonic basins, older cratons were 

supposed to contain At-depleted komatiites in contrast to At-enriched komatiites of 
li y 

:; 
// 
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the younger cratons (e.g. Obtani, 1990). On the basis of experimental data, Obtani 

(1990) suggested that Al-depleted komatiites caD.· be generated by any degree of 

partial melting at the transition zone between the upper and lower mantle ( 450 to 

650 km), or by low degrees of partial melting between 180 and 450 km. The AI· 

saturated komatiites on the band were derived from partial melting of residues after 

the separation of At-depleted komatiites. The Zimbabwe Craton contains both 

Al-depleted komatiites, described in this study, and Al-saturated komatiites described 

by Nesbitt et al. (1987). In general, At-depleted komatiites, as seen in the Tati 

Greenstone Belt, occur near contacts of supracrustal rocks with major granitoid 

bodies suggesting that they form the bases to komatiite-tholeiite sequences intruded 

by granitoid bodies. 

There are several factors that point to the similarities in tectonism between 

Archean and Mesozoic environments. These include, for example, similarities in the 

geochemistry of Archean mafic rocks and those from modem tectonic environments. 

The presence of horizontal deformation structures within Archean terranes bas also 

been used as evidence of the similarities (e.g Kusky, 1990). Stratigraphic associations 

further indicate similarities between Archean and Mesozoic tectonic environments. 

For example, the relationships of komatiite-tholeiite volcanic rock sequences with the 

calc-alkaline volcanic-feldspathic sedimentaiy rock sequences as seen in some 

Archean greenstone belts (e.g. Norseman-Wiluna; Barley and Groves, 1990) and in 

the Tati Greenstone Belt, are comparable to those of modem back-arc tectonic 

environments, where ultramafic-mafic volcanic rock sequences are associated with 
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calc-alkaline volcanic-feldspathic sedimentary rock sequences (Barley and Groves, 

1990). 

In the Tati Greenstone Belt, geochemical and regional structural studies of 

volcanic rocks indicate that these rocks can be divided into three main lithotectonic 

units. The first unit is the komatiite-tholeiite sequence, Lady Mary Group, which is 

similar to modem back-arc basin ultramafic-mafic sequences. The calc-alkaline 

volcano-plutonic sequence, Phenalonga Group, constitutes the second lithotectonic 

unit. The Selkirk Group constitutes the second calc-alkaline volcano-plutonic 

sequence. The youngest unit in the Tati Greenstone Belt, the Last Hope Group 

(feldspathic sedimentary rocks), overlies the eastern end of Phenalonga Group 

volcano-plutonic sequence. The relationship of the Phenalonga and Last Hope groups 

is similar to a sequence of calc-alkaline volcano-plutonic rocks associated with 

feldspathic sedimentary rocks described in the Wiluna-Leonara Greenstone in 

Australia suggested to be an Archean island arc sequence (Barley and Groves, 1990). 

The Tati Greenstone belt rocks may have also formed in a similar tectonic setting. 

In some modem back-arc environments, especially those characterised by high 

thermal energy, high-Mg andesites and basalts (HMA) occur (Tatsumi and 

Maruyama, 1989). These high-Mg rocks are often associated with high-Mg granitoids. 

In the Tati Greenstone Belt, high-Mg granitoids (or sanukitoids after Stem et al., 

1989) occur in the western part of the Francistown Subzone (Airport Pluton) and are 

part of the Mphoeng Plutonic Complex in the Eastern Structural Zone. Sanukitoids 

were so named (Shirey and Hanson, 1984) because they contain the same · 
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characteristics as the high-Mg andesitic volcanic rocks of the Japanese Islands. 

Sanukitoids generally occur in subduction environments (Stem et al., 1989). 

9.2 Summary or Characteristics or Mineral Deposits 

Perhaps one of the more interesting obseiVations from this study is that 

banded iron formations within the belt coincide with boundary faults that separate 

major litho-tectonic units of the belt. The compositions of the banded iron formations 

indicate that these rocks may have formed in environments similar to the massive 

sulphide horizons deposited in modem oceanic environments (Scott, 1990; 

Hannington et al., 1986; Richardson et al., 1987; Reed, 1983). Some of the massive 

sulphide deposits in oceanic environments are deposited under a sediment cover at 

contacts between major litho-tectonic units marked by large discontinuities, similar 

to the boundary faults of the Tati Greenstone Belt. It has been suggested that the 

banded iron formations are related to the mineralization. 

A pyroxene isograd has been described as separating the Zimbabwe Craton 

from the high metamorphic grade Northern Marginal Zone (NMZ) of the Umpopo 

Belt (e.g. Mason, 1973; Key and Hutton, 1976; Coward et al., 1976; Watkeys, 1983; 

Tankard et al., 1982; Treloar et al., 1992; McCourt and Vearncombe, 1992; Wilson, 

1990). The pyroxene isograd gneisses were derived from porphyritic (megaaystic 

feldspar) granites and chamockites (Tankard et al., 1982; Ridley, 1992). These 

granitoids, especially the megacrystic feldspar granites, are known to extend 

westwards into Botswana (Tankard et al., 1982) and are believed to be an intrinsic · 



341 

feature of the NMZ (Ridley, 1992). 

It has been pointed out in this study that megacrystic feldspar granites form 

part of the southern end of the Tati batholith. These megacrystic feldspar granites 

intrude both the Tati Greenstone Belt and the high metamorphic grade area of the 

NMZ. These rocks crop out as elliptical bodies whose long axes are orientated NW

SE. The megacrys~ic granites change, north to south, from slightly deformed granites 

with brittle structures to ductilely deformed bodies. The brittle structures are 

microfractures in large feldspar crystals and re-alignments of the mafic minerals, 

biotite and hornblende, a weak foliation. The ductile structures include upright 

isoclinal folds, presence of leucocratic veins, and in some cases, pegmatites. 

Microshear zones are also present. The transition from the slightly deformed 

megacrystic feldspar granites to the highly deformed and metamorphosed varieties, 

occurs over a very short distance. These megacrystic feldspar granites are, therefore, 

believed to have been intruded syn-tectonically within and around a large 

discontinuity that constitutes the boundary between the NMZ and the Tati 

Greenstone Belt. The change from brittle to ductile structures in megacrystic feldspar 

granites from the craton to the NMZ indicates structural change as the boundary 

between NMZ and the craton (Tati Greenstone Belt) is approached. 

9.3 Recommendations for Future Studies 

1. Geochronological data are needed to constrain the relative timing of 

lithologic units and deformation events in the Tati Greenstone Belt. With 
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geochronological data it will be possible to subdivide the Tati Greenstone Belt 

into micro-terranes or cratonic blocks. Isotopic ages for plutonic rocks, such 

as Selkirk Igneous and the Mphoeng Plutonic Complexes, must be derived to 

constrain the accretion of the Tati Greenstone Belt. 

2. A reconnaissance study of the sulphide deposits in the Tati Greenstone Belt 

(e.g. Phoenix and Selkirk) indicates that these deposits may not be magmatic, 

as currently proposed, and therefore a study of these deposits is needed in 

order determine their actual nature. 

3. The structural control of gold deposits in the Tati Greenstone Belt has 

been demonstrated in this study. It is hoped that this work will help to direct 

future exploration to the most favourable targets and also lead to a better 

understanding of the control and nature of gold deposits. 

4. Further geochemical studies are needed to more completely understand the 

petrogenesis and tectonic setting of the volcanic and plutonic rocks of the Tati 

Greenstone Belt. 
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APPENDIX: GEOCHEMICAL ME1110DS 

Sample Preparation 

Tati Greenstone Belt mafic rocks are extremely fissile in places and therefore 

present very difficult problems for sampling. ,In addition, these rocks contain 

carbOnate alteration veins, which are locally invisible to the naked eye, and brown 

stained surfaces due to oxidation. Sampling was therefore designed in such way that 

only representative and relatively fresh samples were collected Before cruShing for 

geochemical analysis, petrographic investigation was undertaken to screen altered 

samples. 

Mainly chip samples were collected underground along the N9 reef, at the Shashe 

Mine. However, it was locally possible to collect larger samples. Samples were also 

collected from cored boreholes. It was only possible to collect part of a core. This is 

because companies always analyze part of the their core leaving half of the sample 

for further analysis when necessary. The samples collected were adequate. Up to five 

centimetre long samples were taken. The same procedure was also followed at Signal 

Hill. 

Samples for geochemical analysis were prepared at both the Botswana Geological 

Survey and Department of Earth Sciences Geochemical laboratories. Samples were 

crushed with a hammer on steel Crushed rock chips were pulverized for up to two 

minuteS in a tungsten-carbide mill, to powder of at least -100 mesh. The 

tungsten-carbide rings and the bearing were inspected after each sample, for poss1ble · 

.. · . . 
....... -:; :i;.~ 

_: .. -:~ ...... ~.:·.~.;_;t~ 
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contamination of the sample powder, by the tungsten-carbide. Where contamination 

·was suspected the sample was noted for special attention. 

MJUor Element Analyses 

Loss of ignition (LOI), (volatiles) was determined by weighing the sample powder 

accurately to 4-10 gms into porcelain crucible, for heating to a temperature of about 

10500C, for at least two hours; after which the sample was cooled in a dessicator and 

then reweighed to determine LOI. P205 was colourimetrically analyzed with a 

Bausch and Lomb Spectronic colorimeter, whereas other major elements were 

' 
determined by atomic absorption spectroscopy. Analysis were carried out on the 

Perkin-Elmer Model 370 atomic absorption spectrometer. Precision of this method 

is indicated in Table I. 
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TABLE ta; 

Accuracy and precision of Major Element Analyses (based on published values of 

a standard rock sample). (MA-N GRANITE). 

Oxide p N M M-P 0 R 

66.6 6 65.61 -0.99 0.08 65.58-65.80 

17.2 6 17.39 -0.23 0.24 17.13-17.89 

0.47 6 0.45 -0.02 0.01 0.44-0.45 

MgO 0.04 6 0.05 +0.01 0.01 0.04-0.05 

CaO 0.59 6 0.58 -0.01 0.01 0.56-0.58 

5.84 6 5.84 0.00 0.02 5.82-5.87 

3.18 6 3.23 +0.05 0.04 3.18-3.29 

0.01 6 0.00 -0.01 0.00 - ·-

MnO 0.04 6 0.04 0.00 0.00 0.04-0.04 

P:.... puhlic ~Pn analysec value tor the standard samp e m weigbt percent, and are 

taken from Flanagan (1970); N = number of analysis; M= mean value for the 

analyses; M-P= mean difference from published values; a= standard deviation of the 

analyses and R = range of analyses. 

·. ; 

. -':!. 
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TABLE lb 

Accuracy and precision of Major Element Analyses based on published values of the 

standard rock sample BE-N BASALT. 

Oxide p N M M-P u R 

Si02 3820 6 38.50 +0.30 0.18 3821-38.67 

Alz03 10.07 6 10.02 -0.05 0.09 9.85-10.00 

Fezo3t 12.84 6 12.84 0.00 0.11 12.89-12.96 

MgO 13.15 6 13.14 -0.01 0.07 13.04-1327 

CaO 13.87 6 13.91 +0.04 0.05 23.84-13.96 

N~O 3.18 6 3.25 +0.07 0.02 3.22-3.28 

K20 1.39 6 1.46 +0.07 0.01 1.45-1.47 

Ti02 2.61 6 2.59 -0.02 0.04 2.56-2.64 

MnO 020 6 0.19 -0.01 0.19-0.19 -

Symbols as in Table 1a, and plublished values are from Flanagan (1970). 
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Minor Element Analysis 

Minor elements (Rb, Sr, Ga, Zr, Y, Nb, Th, U, Pb, Cu, Zn, V, Cr, and Ni), were 

determined by X-Ray Flourescence techniques on pressed whole rock pellets, using 

a Phillips 1450 automatic X-Ray Spectromenter with a rhodium tube. The pellets 

were made from a mixed . powder containing 10 gm sample and 1.Sgm binding 

material (Union Carbide Phenolic Resin). The powder was pressed at 30 tons per 

square inch for a minute, after which the mixture was baked for 10 minutes at 200"C. 

Data reduction was done with a Hewlett-Packard 9845B computer. 

Accuracy and precisions for minor elements are summarized in Table n, and 
'· 

means are compared with data published by Flanagan, (1973) for the standard W-1. 
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TABLE II 

Precision and accuracy of minor elements analyses in Sample W-1. 

E P(ppm) N M(ppm) M-P u 

v 260 8 263 +3.00 3.02 

Cr 120 8 118 -2.00 4.57 

Ni 15 8 76 +1.00 1.69 

Cu 110 10 104 -6.00 3.26 

Zn 86 6 90 +4.00 1.79 

Ga 16 6 18 +2.00 0.89 

Pb 8 6 8 0.00 1.27 

Rb 21 6 22 +1.00 0.63 

Sr 190 6 189 -1.00 2.24 

Zr 105 6 98 -7.00 1.55 

y 25 6 22 -3.00 0.89 

Nb 9.5 6 8 -1.50 0.45 

~=element 
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REE and Other Trace Eiements 

A total of thirty-three elements were determined on the ICP-MS using the method 

outlined by Jenner et al. (1990). The precision and accuracy of the method are 

illustrated in Table ID below, for the REB. 

. '· 
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TABLE III 

Precision and Accuracy for RRE Analyses for standard rock sam.ple.SY-2, compared 

to published values from Govindaraju (1989). 

E P(ppm) N M(ppm) M-P 0 

La 75.00 8 69.67 -5.33 1.07 

Ce 175.00 8 162.57 -12.43 2.11 

Pr 18.80 8 20.02 +1.22 0.30 

Nd 73.00 8 75.99 +2.99 1.40 

Sm 16.10 8 15.94 -0.16 0.26 

Eu 2.42 8 2.43 +0.01 0.05 

Gd 17.00 8 17.31 +0.31 0.80 

1b 2.50 8 2.89 +0.39 0.44 

Dy 18.00 8 19.97 +1.97 0.12 

Ho 3.80 8 4.58 +0.78 0.36 

Er 12.40 8 15.05 +2.65 0.10 

Tm 2.10 8 2.47 +0.37 0.39 

Yb 17.00 8 17.67 +0.67 0.06 
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I . Lu 2.70 I , 8 2.95 +0.25 I 
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on the 1982 aerial photographs, with detailed field checks. 

Olher geological and mining data were taken from old 

geological maps. mining and mineral a"')loration racords 

(Kay, 1976; Mason, 1970; Molyneux. 1971;Jotmston at al., 1982; 
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Figure 4.2: Simplified Geological Map of the Eastern . 
Structural Zone of theTati Greenstone Belt. 

2Krr:J 
----------L---------~ 

~ 
I ....._ 1--.. 

J / - ' 
/ \ 

--- \ 
\ 
\ 

" \ 
\ \ 

\ \ 
\ .", 

TMB. \ I I 

.i 

SUPRACRUSTAL ROCKS 

~. Feldspathic sedimentary rocks 
~__j with minor calcareous units 

Calc-alkaline volcano- plutonic rocks 
with minor sediments at base and top 

Calc- alkaline volcano - plutomc rocks 
With banded iron formatiOn I i ) and 
calcareous sediments I c ) towards the top 

Komatiite·tholei1te volcano- pluton1c 
rocks w ith banded iron format1on ( i ) 
and calcareous sed1ments I c l at the tcp 

Ultramafic - mafic volcano - plutonic 
rocks with younger Intrusions 

~ Gneisses { gran1toid. paragneiss 
~ and amphibolite) 

INTRUSIVE ROCKS 

~ Gabbros.ITSCol.diorites 
~ tonahtes with troctolite ( TSC. i 

~ TrondhJemites 

TMCg Coarse-grained gabbros . 

Und1v1ded prc~nod1onte w1th megacrystic 
feldspar·;Jran1te ( TRBm l 

-~~-~-

Grey tonalite'\.._ 
-.,,.· 

::·:· 
Lithological boundary ( Certain ) 

lithological boundary { Uncerta:.~ ) 

- -------:-?"'-Lithological boundary ( Inferred ) 

--r'50 Bedding /Igneous layering ( So l 

\ 
I I 

I r ·· J ""1Tifo 
\ \ 

t • 

. I -· ITT6s 
\ 

\1 · r 
~~ ~ Younging d~rection 

\ 1\ / '\ ff' j) V 0) Synform 

\I I .·11' ·.'·-.·1::.: // zs: _ ~~/?2 Dolerite Dyke ( karoo ? ) 
----- \.\~ ,!! . /i 

Sl Foliation 

52 Foliation 

\\, _. :-:;:\(_0 ~::;: ., She.ar Zone · 

} 
LAST HOPE 
GROUP 

\SELKIRK 
~GROUP · 

l PHENALONGA I GROUP 

l LADY MARY 
J GROUP 

I KGARIMACHENG 
(FORMATION 

\GRANITOID 
I TERRANE 

} 
SELKIRK IGNEOUS 
COMPLEX 

·}HILLVIEW 
PLUTON 

MPHOENG PLUTONIC 
COMPLEX 

~ RAMOKGWEBANA 
f BATHOLITH 

} 
MATSILOJE 
BATHOLITH 

• , _. 
. . ·.·. - 7--- _ - \~ ,i,/J' i '7--,___...-.:e·. Stnke - slip I Wrench Fault · 

/ :\ j,f j i/ ,. " ~ U Thrust I Contractional Fault f D = Down plate } . . / \ .>il ·& / ;(--;:=-.//' V D \ U = up plate · 
\ Qj \. ,~ '!:..:{~':.:!/ u g Externs1onal Fault . . 

\ ole' -~ ~, Major Fault !lineament 

' \, . /,..-- / . '\-:::" . .,. \ \ . __ - - Fault /Lineament 
\. ' ..... ....-/_ . ' .,..... ,----....... 

' ' ' ... __ .!~,. I . ' l \ 
. " / / - ------- \\ \ 

. . ~· River 

··. 

' · · 

~ ·.: 



\ \ L ., ___ _ 

~:tt--~-----\\ \
\ '- TMCt t I \ 

I ' .......... 

TSCo 
- _;. :::· 

/1 

. ......... 
-' \. 



' \ 

~\ 
\I 

·, 

~ 
/ . I'- :-..._ ; ···: 
::::, LG / ~ " ,. 

/ \ 
--L_ \ - \ 

" " 

; ; 
-: 

\ 
\ \ 

\ \ 
\ .\ 

TMB \ I I 

\ 
I 1 
I I 

\ \ I 
\ \1 

\ 
,, 
I, 

\II 
- ~, -----

:·· 

\ -"?-"---- '\; 
\ / / 'y . 
./ \, ~" / 

./ ' "\((_ 
0, \, r; / \::::_, 
r \ ', -"" -j------\. \ \ 
\ / . '- ', • /' I '\ l \ 
. \ : " --- / /-r-4._ \\ \ 
. "'· \ ~ '- --- -/I I - ------ ~ ~ \ 

· -' ' • 

.....,'vf ,sa ;/ I ,, \ 
='·"- '- // I - '~ \ 

~ 1 -- \ .-/ I --, ~_o\ -- \ \ 
/-... Xk ~-) \) 

I ......... . I I; 
"'-.....__ . I; 

I I; 

I . 1/:1 
/ / 

1;/ 

Fault /Lineament 

R1ver 

l 2~g I 
' ·':::: 

Komat•ite· thole•ite volcano- pluton•c 
rocks with banded iron 1ormat•on I i ) 
and calcareous sed•ments I c ) at the top 

Ultramafic- maf1c volcanu- pluton•c 
rocks w1th younger intrusions 

Gneisses ! granitoid. paragneiss 
and amphibolite ) 

INTRUSIVE ROCKS 

I TTSSCC_2 I Ga~l:Jrf15.1TSCol.d•orites 
tonahtes.with troctolite I TSC. ) 

TMCt " 

TMCn 

TMCg 

~ 8 

~ 

Gre'l tonahtes 

Graf/Od•onte 

Coarse-gra.ned gabbros 

Undivided granod•orite w1th megacrystic 
feldspar gran.te 1 TRBm l 

Grey tonailte 

Lllholog•cal boundary I Certain l 

L•tholog•cal boundary I Uncertam ) 

L•tholog•cal boundary ( Inferred l 

Bedd•ng /Igneous layering ( Sol 

51 Foliation 

52 Foliation 

., >>-----==>~ Young•ng d•rect•on 

X · ? Synform 

'2:2."'"~J"222 Dolerite Dyke I karoo ? l 

: -:;:::::;: .::;:: ::;: ::;:: Shear Zone 

S:nke - slip 1 Wrench fault 

} 
LADY MARY 
GROUP 

J 
KGARIMACHENG ::,. 
FORMATION 

\GRANITOID 
I TERRANE 

} 
SELKIRK IGNEOUS 
COMPLEX 

} HILLVIEW 
PLUTON 

MPHOENG PLUTONIC 
COMPLEX 

} RAMOKGWEBANA 
BATHOLITH 

} MATSILOJE 
BATHOLITH 

v u 
D 
u 

f D = Down plate J . Thrust I Cont ractional Fault 
I U =up· plate 

Externs•onal Fault .. 

·:. 

u D 

-=-=====-===== 
MFL 

RT[~ 

HVL 

LHFZ 

KBL 

Major. Fault /Lineament 

Fault /Lineament 

River 

Matsil9je - Francistown Lineament 

Ramokgwebana - Tsamaya Lineament 

H11/view Line.ament 

Last Hope Fault ?.one 

Kgarimacheng boundary lineament 

.... i ·. / ~ ... 

;;· 

... ;~ 

· .. ·: ' 

. -. : .~ 

r': 

. : . ·:; -·· · 
. :· ;·: 

.. .... 

·'::..: . .. • 



,. 
. .. · 



~ X)( ll 

)(~---

• Matsiloje 

~ . ---
.~ . --. < 

k •. 

0 

N 

i 
2Km 

I 
I 

I 
I I 

I 1 

' \ 

.. . .. ,~'¥ · , .· .. .. 

FigUre 4.9; Simplified G~IOO~~p of the~ . 
. between Matsilo~~~d SignaiHills ... ~ . 

~ Feldspathic Sedimentary rocks 
~with minor calcareous units. 

~ Calc-alkaline volcano-Plutonic rocks with 
L~ minor sedimer1ts both at the base and top 

Calc-alkaline Volcano-Plutonic rocks with 
cla~s) banded iron formation(il and 
cciliiROus sediments (c) at the top. 

· \LAST HOPE 
I GROUP 

}
SELKIRK 
GROUP 

} 
PHENALONGA 
GROUP 

with clastic sediments(c),banded iron formation(i) LADY MARY 
Komatitte-tholeme Volcano-plutonic rocks } · 

and calCareous sediments (c) at the top. GROUP 

~Selkirk Igneous Complex 

Granitoids 

____ Lithological boundary (certain) 

_____ Lithological boundary (uncertain) 

__ _ ___ _ Lithological boundary (inferred) 

14o Bedding/igneous Layering(So) 

ITT6o 02 foliation (S2) 

F
3 X > Synform, 

~--7 Antiform 

A ~ Overturned anticline 
,.;...... 

~.-::;..~-:.:;,Shear zone 

-----Major FauiVLineament 
____ FauiVLineament 

- - v -fr Thrust fault (D=Iower plate;U=up-plate) 

::-:::-:::-:::-:::-:::-:::-:::-:: Photo lineament trends 

- River 

.. . ~ 
' .' . . a ,, 



;~~ ~ ~ ~ ~~ ;~ ~ ~ ;~ ~ ~ ~ ~ ~~ ~~~ ~;:;: . . . 

1.· 

....... :; 

........ )(~ 
/" 

)( )( )( 
_,KX XX ..-1( )( )( )( 

../x X X X ... 

/X X)( )t 

/X X • 
/Ji. )(X X 

/)(X X 'ICy 

/K )( ·)( ." 
X X )( 

1 " )( 
~ )( J( 

r " " I' J( )( 

k )( J( 

y 

•"": · -~; 
)( X )( , 
X . X X) 

X :)t: X ) 

~:- ~ · X ) 
• )() 



X 

X 

X 

X 

.1() 

X X 

X X 

-);x 

X X 

.1( X 

X X 

X )( )( "" 
)( X 

' \ 

\ 

' 

· "bU U~ IOIIaTIOn {::il) 
FJ K > Synlonn, 

~~Antifonn 
-A-> Overtumed aniictine 

~--:::;.·-t.:"- Shear zone -"';.A 

----- Major Fault/Lineament 
____ FauiVUneament 

- - v- -fr Thrust fault (D=Iower plate;U=up-plate) 

::-::-::-::-::-:::-::-::-:::Photo lineament trends 

-River 

. ··. ' . . ~ :-· .. • . .. · .. 

... _;;·' 

'':. ·, ·: 

:: 

: . :· ' 



I 
y / 

/ -
"/ // 

/ 
/ / / 

/ I / 1 
1 I 

I F F F 

81 

/ 
./x 

/~X X : 
/1( )(X X X 

/'1( X )( )( v 

/x X X >' 

I )( X X " .. 
~ X X 

t 
X X 

X X 

X X 



/ 
/ 

/ 

/ -./ 

/ 
· / 
/ / 

/ 
/ 

'i. 

.,.:: 

' ~ '·' ', ~. '• 



. ' - · . 

.. 



• . • . ~! ' -: .:,::.~· . . • . · ·- . . .. :· · .. . 
. . :' 

;,,, . 

·:. 
·· ·------

.. :·· 

' -1', 
I " ............. 

! . '::--...< ·---
+--... --

-
. ,......_ , .......... 



. . ·: .. :::::- ~ 
" . . : .. : · · : .. _..... . ... :;_:;:·-. 

~NO STRUCTURE-OF THE TATI GRE1l 
. . .. · . .. . . ~ 

l 
27~ 45" 

· .. ·~-



·: ·~ - .:.·. 
. -:- .. . · , ' : : · 

·' ·· . . <~ 

~· 

;toNE BELT, NE BOTSWANA~ 
27° 50' 

N 

0 2 3 J 5 Krn 

·scale 

·( 

. ; ·· . 
·.·.· / ' 

~ ~\ I; 
--~~-~ /; 
'-. -~ 

" 

Appendix E 

_, 
.... ..:. 

~ ). 

? . · 

:~_:· ·:.::. 
. _: ' .· 

. -~~ .. - . . . 

· . .) 

I THG L_. 

~ 
I t -

1 ~TP_~ 

[
- ·-·-· , _ 

·-
TLG 

TSC. 

! TSC 
; 

TMC 

I THP 

. ~SP 
.. . ~-~-__....;, 

.. · .. - ~ ~ . f~P 
. ·."F . ·: .. . · .... 

•' l•')NF 
:-;. .... · .. . , 



~.Ji ... NSTONE BELT,, NE BOTSWANA. 
21 so· 

Appendix 
·' 

.. ··N 

..· 

·' 

0 2 'l. .l 5 Krn 

·scale 
;I. 

·i 



E 

21" w-s 

. ,_ 

1.SUPRACRUSTAL ROCKS 

L!~ Feldspathir.: sedimentary rocks with minor calcareous units 

~=-~ Calc alkaline volcano· plutonic rocks w ith mi1_10r 

~ sed1ments at 1he top and bas~ 

r- ~ I Calc: alkaline volcano plutonic r.Pcks with banded iron formation (i) 

I TPG a~d calcareous sediments !cl at the top aluminous schists (al 
L...!...~ m;cur towards base. 

n--- --·-·J . . = Komatiite·tholeiite volcano-plutonic rocks with banded iron 

TLG formations ( i) and calcareou!; sediments (cl towards the top 

2.1NTRUSIVE ROCKS 

I TSCt l Nyambabwe Tonalite _ 

I -j I TSCd I Francistown Diorite 

TSC
5 

I Sekukwe kop laycr<?ti body 

: TSC9~ SeJ~irk Gabbro 

@ Tokw'"' T'""""" 

TMCt 1 Grey High mg tonalite !TMC1l 
- __ _J 

I TMCn 1 Coarse ·grained granodiorit!: !TMC11l 

-·----- -·-1 
I TMC

9 
· 1 Gahllroic rocks !TMC\11 

- - -------' 

- - ------- -- - l 

I · THP I 
r::---, 
l --·~~-___ _] 
r--~~p l 

Trondhjemite 

Trondhjemite 

Grey High - mg granodiorite with granites 

--~ 

TNP j Tonalite 

--~ 
' 

I TRBrn 1. L T~_~__j Granodiorites with -~egacrystic fe:dspar _granite (TRBm) 

,? L T-~~ Tonalites 

lTTBr ~- ,. Tonali~e . granodiorite • trondhjemite suites with younger : 

I -n8 I megacrystic feldspar granites and homogenous granites !TIBrl 

. · _ ' . . .. ; . . -. ·3' ::8:9·-·. 

J 
LAST HOPE 
GROUP 

I SELKIR'K 
GROUP 

I PHENALONGA 
GROUP . 

J 
LADY MARY 
GROUP 

I 
J 

.. I 

I 

SELKIRK 

IGNEOUS 

COMPLEX 

MPHOENG 

PLUTONIC 

COMPLEX 

HILLVIEW 
PLUTON 

SI)L:THERN 

TATI PLUTON 
::::.• 

l~IRPORT 
PLUTON 

NEW ZEALAN·o 
PLUTON > 

·.· 

I RAMqKGWEBANA ·· 
. BATHOLITH 

·I MATSILOJE . . ·~ 
BATHOLn"H· 

.. 

.·w 

';.' 

. . .. . 

···' .· .. . 

·.i:: 

.. 

.. ... 

. ... .. . • ... • 



\ 
\ 
\ 

\ 
\ 

\ 
I 

/ 

-

I 
TTB 



--v . . 
/ . 

( . ·. ', 
_.....__") \ '-

_,. 





( \ 

') \ \ --- '- ..... 

-
\ 
\ 
\ 

rsc0 j \ 
. I \ 
-.---1-------\ 

. . . \ 

. \ 

I 

21 " lOS 

-~ 
I . 

. ':· .' . 

2~ 0- 20" 

':··· . . ·• ·::· . . ' 

.. '' . .. · · . . · 

.. ' . . ·.· ~ 



m 

I 

/ 

/ il 
/ , . 

. ~--· : 

' TSCo_, 

··\ 
• I 

.\ 

I 



21 " 10"5 

21° 15" 

2i 0 20" 

l_ T __ H_P _ _.J 

Trondhjemite 

P
··-- 1. 

Trondhjemite 
i 

\.. - • • •w••-- - ••· •- J 

r-···--·- 1 
LTAP I 

~~~~: 
[ _ _ __ _j 

[
TRBtn I 
T£l~_j 

Grey High · mg granodiorite with granites 

Tonalite 

Granodiorites with megacrystic fe!dspar granite (TRBm) 

l __ ~~~ I Tonalites 

. r TIB~-- -~ Tonalite - granodiorite - trondhjemite suites with younger 

l~ j megacrystic feldspar granites and homogenous granites (TIBrl 

I PLUTON 

J 
SOL:THERN 
TATI PLUTON 

' 
-~I APORT 
PLUTON 

J 
NEW ZEALAND 
PLUTON 

J RAMOKGWEBANA 
BATHOLITH -. I MATSILOJE 
BATHOLI"fH 

3.ROCKS OUTSIDE THE TATI GREENSTONE BELT - . .· . 

! x~---1 Ultramafic - mafic volcano_. plutonic rocks with granitoid plutons. I ~g~~~~T~g~E NG 
[ _ _______ _j 

"' . ~ 

I x~--1 Gneisses lgranitoid and paragneisses) w ith younger granitoid intrusions. I · ~~~~~-;~~ i~~~ANE L_. _ _j 

[ 
- X 

0
/ I High metamorphic grade. gneisses la_mphibolitic.gr~nitic .. a no paragneisses) . , .. SHASHE. GNEISS 
~ with limestones. banded •ron formations ;Jnd clast•c sed•ments. ·FORMATION . .. ·· 

1

_:-_ _ . . - .. . .-_. •. . .: :"· :·:•:_.-: .. :·::- _::. .::;-:..-.._,,,,; i:>:;i;<~i:"!'··~~""'~\'·:i;":{~::;~~-;,·:\\:o.t:'C\{;~;:.':.:::?};::::· 

Xg tt I High metamorphic grade gneisses including SHASHE ... BELT · . : ' •·' 
i granite; amphibolitc and paragneisses 

t___..' . . . 

---------

Lithological boundary (certain) 
Lithological boundary (uncertain)· 
Lithological boundary (inferred) 

~0 Bedding/igne7~'-ji_~yering (ouc.r-J~rlleol) 
I! 

-f.Jo Bedding/Layering( So) 
~5 Foliation IS1) 

~ Mineral lineation on s 2 surface 

~ Crenulation cleavage 

F~o Minor fold with plunge 12nd phase) 

F~0 Minor fold with plunge (1st phasel 

Younging direction 

Q---- Quartz vein 

Antiform 

C::vnfnrm 

,, 

RTL RamokgwPbana · Tsamaya lin·eament 

PFL Phoenix · Francistown Lineament 

MFL Matsiloje · Fran.:istown Lineam'ent . · 
· .. · .. 

PFZ Phenalonga Fault tnne 
\· . . 

. . .. . 

SLGL Sekukwe · Long Gossan Lineam(!n.t . 

KFZ Kororo Fault Zo_ne · 

CMFZ Charlie Mine Fault Zone 

OTL Old Tati . Lineament 

HVL · · Hill~ie~ 'Lineament .· 

LHFZ Last hope FaultZ~ne .· : ·:.:: 

· .. ·. : ~ .. ' ..;,: .. 
:'· . ' . :_ -~ ·'::: : 

KBL 

, .. 
. . ;- . . . ''·:' · ·. · -~ 

.. _Kgariinaciien g' Boundarvp~,ta?~ejt .. 4·.}~\: ~~-

Shashe u'neamen~ · •. . · ;:·~·: . · .· .. ·:~:.{ .~>~·:;)/} 

·Old Tati ~itljH~~~:::\.·;:;_~.~~-· ~; _?.::?::~~;f:;;~~t·:?~.{"~ 

·, · . -::·· ;·, 

SL 

OTA · 



::::_, 

/ , , 

t A / / 
/ I 

I /7 I ,. 

::J 

' 



--

. · ·~· .. 



\ 
· L~ 

/ 
./"" . 

_.....,.... 

. . ... 
' . . : · .,,.· ' • . · -

T! 

I ' 

jl) 

. ' . 

F F F 



TNP . 
.......... . 

F . 
I 
I 

l 

F 
I 

. • . I 
I . 

I 

F 8 

/ I 

I 
/. \ 

\ 
. \ 

c 

Xk 

.. 

/ 

I 
I 
1- -·-... .:_ ... : 
l . 

:. : . .. 
' ~-I ' ' ' 

. . '· ·. 

2i 0 20' 

21° 25' 

.· •, : . 



'~{ ''? i: ·.~:-¢ ---;~~--~\ -
: TSc

0
· \ 

TNP 

• F 

.. : ·. :-· · .. . 

. . . ·. ' 

' ' • . :.~ ; ', I ' , .. • ' :: 

I 
!. 

F 

' . •' . ... . 

F . . F. 8 
I I. . 

. I ·· I 

. . · . 

. • •; .· .f'•. 

I 
/. \ 

\ 

c 

Xk 

F 

1 
I 

/ 

··. ~-- ... ··- · · . . 
\ 
\ 

. . • ..... .. . 

F 

I 
I 

·.:.·. · ... . · 



\ 
~ l 
/ 

21° 25' 

· .. 

~0 Bedding/Layeririg (50 ) 

~5 Foliation (S1 t 

~ Mineral lineation on S2 surface 

~ C renulation cleavage 

F~0 Minor fold with plunge (2nd phaset 

F~0 Minor fold with plunge (1st l)haset 

~ Youngir.g direction 

q ____.- Quartz vein 

~ Antiform 

~ Synform 

~ Strike · slip (wrench I fault 

$ Shear zone 
.. D 

~ 
D 

H. h I . I f I U = up plate I 19 - ang e externstona ault 
D' = down plate 

~u Thrust/contractional fault 

~ Overturned anticline 

~ Overturned syncline 

--- Major fault/lineament or shear zone 

Fault/lineament 

-------- Photogeological trends/structural trends 

• 

E F . . F •. 
1----r-.-.. .....-\-'-. -Y\v-v .v-v •'"'"'\ / . I ' . v. v v - · . ., 

I ', -. \ ,:-:·~' <_:- ,-:. 
- - ,. \.·~··\ ': -

.. ..: .. 
:.:_;-: 

Mt-L Matsiloje 1-rant: tstown Ltneamem 

PFZ Phcnalunga Fitult mne 

SLGL Sckukwc Long Gossan Lineament· 

KFZ Kororo Fault Zone 

CMFZ Charlie Mine Fault Zone 

OTL Old Tati Lineament 

HVL Hillview Lin~>ament 

LHFZ Last hope Fault Zone 

KBL Kgarimacheng Bound~ry Lineament 

SL Shashe Lineament 

OT A · Old Tati Anticline 

TRA Tati River Anticline 

GEA Golden Eagle Anticline 

,l.l 
j 

;\ · . 

r' . __ -_ F

1

_ :- .. . . ·· . 

\ ----.-

.liJ ..-· •.. .. ·. 

.: ... · 

··: . -






