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                                                                  Abstract 

An increasing number of UNESCO World Heritage Sites are recognised for their geological 

significance. One such site forms part of the Barberton Greenstone Belt (BGB), which has been 

widely acknowledged as an outstanding site for Archean geology research. Though members 

of the geoscience community are familiar with the outstanding universal value of the Barberton 

Greenstone Belt, the people who live on it often do not. With the World Heritage Status (2018) 

comes an obligation to unpack the geological heritage of the Barberton region to local people 

and visitors, and to promote further research so the true value of the geological importance of 

the region may be better understood. For this reason, this project set out to interpret and 

contribute to concepts formulated from studies of BGB rocks to produce a thesis usable for 

generating various science communication media and topics for further research. Themes 

discussed in this thesis include granite-greenstone relationships, alteration of ultramafic rocks 

and the associated economic products, as well as deformation of various lithologies. Ease of 

access guided the selection of eight mostly roadside outcrops along the R38 secondary road 

linking Barberton to the southern gate of the Kruger National Park. These sites link up to form 

a geological trail along the northern margin of the Barberton Greenstone Belt, allowing visitors 

to easily interact with outcrops on their way to other popular attractions. 

By driving along the R38 with science communication media produced from this project, locals 

and visitors will learn how geology shaped their world. They will gain insight on how mineable 

concentrations of verdite, talc and magnesite occur in certain ultramafic bodies. They will also 

learn of different ways in which rocks respond to stress as a common perception of rocks among 

laypersons is that they are solid, stable and unchanging.  
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0.1  Introduction  

0.1.1 Barberton Granite-Greenstone Terrane 

Archean landmasses remain our primary source of information about early Earth processes. 

The volcano-sedimentary sequences and adjacent plutonic rocks contained in Archean 

landmasses such as the Barberton Granite-Greenstone Terrane (BGGT) are not only the best-

preserved in quantity, continuity of sequences and in quality (Byerly et al., 2018 and references 

therein), they are also easily accessible. For this reason, the Barberton region is of outstanding 

universal value and worthy of world heritage status (World Heritage Committee, 2008). 

Through the years, researchers have studied various components of the BGGT, collectively 

producing plausible reconstructions of early Earth conditions and processes (Byerly et al., 2018 

and references therein). 

Extensive work has been done covering such diverse topics as the evolution of the lithosphere 

and construction of continents (Anhaeusser, 1969, 1975; 1984; De Wit, 1992; Heubeck and 

Lowe, 1994; Van Kranendonk, 2010; Bedard, 2017), the origins of life (Barghoorn and Schopf, 

1966; Walsh and Lowe, 1985; Ward, 1999; Schopf, 2006; Tice and Lowe, 2006; Kohler et al., 

2013) and its emergence from marine to terrestrial environments (Noffke et al., 2006; Homann 

et al., 2015; Eriksson, 1977), the evolution of the atmosphere (Pflug, 1967; Lowe and Knauth, 

1978; Reimer, 1980; Hessler et al., 2004; Lowe and Tice, 2004; Sleep and Hessler, 2006; 

Hessler and Lowe, 2006), the response of the early crust to regional stresses (Anhaeusser, 1969, 

1972; Gay, 1969; Heubeck and Lowe, 1994b; Dirks et al., 2013) and the implications for ore-

forming processes (Anhaeusser, 1969, 1975, 2012; Dirks et al., 2011; Gloyn-Jones and Kisters, 

2018). Although many of these topics - or aspects thereof - remain debatable, the global 

significance of the BGGT is universally acknowledged. As a result, and for geoscientific 

reasons, a large part of the BGGT was recently (2018) declared a World Heritage Site. 

This study addresses the scientific outreach objective of both CIMERA and the management 

authority of the Barberton Makhonjwa Mountains World Heritage Site (BMM WHS) by 

collating, updating and disseminating geological knowledge about selected outcrops within the 

BGGT. To broaden the appeal of the Barberton Makhonjwa Mountains World Heritage Site as 

a tourist destination, the focus is on eight geologically significant and instructive sites along or 

near the R38 road, skirting the northern margin of the Barberton Greenstone Belt (BGB). This 

road links Barberton to the southern gates of the Kruger National Park. The sites represent 

contact zones of the BGB supracrustal sequence and surrounding granitoids, mineralisation 
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corresponding thicknesses of >10 000 m, ca. 1 800 m and ca. 3 000 m, respectively (Byerly et 

al., 2018).  

 

 

 

0.1.4.1. Stratigraphic units 

The Barberton greenstone belt (BGB) has been categorised into three tectonostratigraphic 

blocks which, from south to north, are the Songimvelo, Umuduha and Kaap Valley blocks 

(Byerly et al., 2018). Though consisting of similar lithostratigraphic units, these terrains have 

distinct stratigraphy and tectonic histories, generally becoming younger towards the north 

(Lowe and Byerly, 2007). This study area lies on the Kaap Valley block of the BGB. 

The 3550-3270 Ma Onverwacht Group of the Kaap Valley Block consists of ultramafic to 

mafic volcanics and their serpentinised equivalents (Anhaeusser, 1976; Lowe and Byerly, 

2007; Byerly et al., 2018). Minor occurrences of intermediate to felsic volcanics also occur, 

with the former often found to have ages overlapping with those of nearby intermediate 

granitoids (Agangi et al., 2018).  Cherts and silicified clastic units form a volumetrically minor 

but conspicuous and stratigraphically important component (Lowe and Byerly, 2007; Hofmann 

et al., 2013). 

Conformably overlying the Onverwacht Group is the 3260-3225 Ma Fig Tree Group, mostly 

composed of argillite, greywacke, various chemical sediments and intermediate volcanics. It 

Figure 3. Simplified geological map of the R38 Geotrail in the context of the Barberton 
Greenstone Belt. Modified after Visser et al., (1956) and Anhaeusser et al. (1981). Stratigraphic 
column modified after Byerly et al., 2018. 
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contains several meteorite-impact spherule beds (Lowe et al., 2014; Jones and Kisters, 2018). 

The Bien Venue Formation that forms part of the upper Fig Tree Group defined in the 

northeastern Barberton Greenstone Belt is dominated by quartz-muscovite schists (Kohler and 

Anhaeusser, 2003). Stratigraphically, the Bien Venue Formation is overlain by felsic schists 

and agglomerates of the Schoongezicht Formation that are in a transitional contact with the 

Moodies Group (Byerly et al., 2018). The 3224-3214 Ma Moodies Group is comprised of 

terrigenous sediments interlayered with iron-rich shales, jaspilites, rhyodacitic ash-fall tuffs 

and a regional basaltic unit (Visser et al., 1956; Anhaeusser, 1976; Eriksson, 1978; Heubeck 

and Lowe, 1994).  

0.1.4.2. Deformation 

The present fabric of the Barberton Greenstone Belt (BGB) is a result of multistage 

deformation during the deposition of BGB supracrustal deposits (Visser et al., 1956; 

Anhaeusser, 1966; 2019; De Ronde and De Wit., 1994; Heubeck and Lowe, 1994; Byerly, 

1999; Kisters et al., 2003; Van Kranendonk, 2011; Byerly et al., 2018; Dziggel and Kisters, 

2019). In the northern BGB, the earliest deformation event (D1) produced a series of cleavage-

less, doubly-plunging folds of a northeast-southwest trend (Ramsay, 1963; Visser et al., 1956) 

understood to have resulted from gravity-induced sagging of BGB supracrustals (Anhaeusser, 

1966). The folds verge to the north and northwest, with the southern limb overturned and 

invariably thicker than the northern limb due to tectonic truncation by high-angle faults 

(Anhaeusser, 1976; Byerly et al., 2018). The high-angle faults coincide with poorly preserved 

anticlinal structures between regional synclines (Anhaeusser, 1976). The former were 

considered to have initially been low-angle thrust faults separating synclines in a fold-and-

thrust belt during D1 shortening (De Wit and De Ronde, 1994). These faults were reactivated 

as strike-slip faults during events subsequent to D1 (Anhaeusser, 1976). The second 

deformation produced slaty cleavage of a northeast-southwest trend at an oblique angle to 

bedding and fold axes of D1 (Ramsay, 1963). However, the similar orientation of D1 and D2 

principal strain axes may indicate a single event of progressive deformation (Ramsay, 1963). 

The third event in Ramsay (1963) is considered to be northeast-southwest shortening which 

Anhaeusser (1963, 1966, 1972, 1975) associated with the emplacement of the Kaap Valley 

Tonalite (Anhaeusser, 1966; Gay, 1969). This third event of shortening was coincident with 

the refolding of the Eureka and Ulundi Synclines and their detachment folding about a 

northwest-southeast axis (Anhaeusser, 1968; 1972; 1975; 2019). A final deformation event is 

indicated by sub-vertical shortening of D2 slaty cleavage to produce sub-horizontal crenulation 
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lineations, kink bands as well as conjugate and chevron folds (Anhaeusser, 1963, 1968, 1975; 

Viljoen, 1963). However, after noting the consistent juxtaposition of Moodies and Fig Tree 

sequences over Fig Tree and Onverwacht sequences in the northern BGB, Byerly et al. (2018) 

proposed a northwards thrusting event as the final deformation event.  

 

 

 

 

 

 

 

 

 

Figure 4.  Chronological order (red numbers) of characteristic structures of main 
deformation events that affected the northern Barberton Greenstone Belt. 
Redrawn from Anhaeusser (1975). 
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0.1.5 Present Study 

0.1.5.1 Aims 

To identify roadside outcrops in the northern Barberton Greenstone Belt about which existing 

and new geological information with an appeal to laypersons would be generated and further 

research would be inspired. To produce written and visual content for science outreach, 

geoheritage awareness and geotourism development in the Barberton region.  

0.1.5.2 Objectives 

To undertake a literature review, collate data and to generate new information for sites with 

unresolved key features. Detailed accounts of objectives are listed in individual chapters.  

0.1.5.3. Methods: Science outreach and thesis components 

To fulfil science objectives of the funding agency, the geoheritage of the Barberton region was 

translated to laypersons through T.V., radio, a media article and a talk at a local university 

where c. 300 tourism and heritage students were in attendance (Appendix A).  

General to all sites is the synthesis of existing information, the digitisation of map sections 

relevant to each site and redrawing of figures. New figures were drawn where new information 

was produced.  

Due to travel restrictions and limited lab access resulting from the COVID-19 pandemic, 

original lab-intensive studies meant for some sites were substituted by comparative field 

studies of other sites. This was to confirm apparent characteristic features and lithological 

associations observed in R38 outcrops. 

Unless otherwise stated in individual chapters, thin sections of characteristic samples of each 

site were produced from oriented samples photographed within the sampled outcrop.  Sample 

composition and fabrics were described using a petrographic microscope. Photomicrographs 

were created in the Wits Imaging Lab using the Olympus BX41 and BX53M photographic 

microscopes connected to the Olympus DP74 imaging system (Fig. 5 A).   

All bulk chemical analyses were carried out on samples trimmed of weathered surfaces and 

subsequently processed using a jaw crusher and disc mill at the Wits Geosciences Earthlab. 

Major element analysis of samples was conducted using the Panalytical Axios x-ray 

spectrometer to measure x-ray fluorescence. Elements were determined using the Norish 

Fusion technique (Norrish and Hutton, 1969) together with in-house correction procedures. 
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Raman spectra were produced from four spots on a freshly cut, unpolished surface of outcrop 

sample MJS were examined on a HORIBA LabRam Raman instrument (Fig. 6) at the 

Department of Geosciences, Friedrich-Schiller University of Jena, Germany. The microscope 

magnification was 20x and a laser wavelength of 532 nm was used for 9 seconds and two runs 

and at 5 % laser intensity. Acquired spectra were found to lie on curves which were flattened 

by simple curve fitting. Spectra also showed (poorly defined) periodicities of ca. 90 cm-1 

between 300 and 1300 cm-1. These deficiencies may be due to weak electric current changes, 

effects of room lighting or fluctuations in laser intensity. Corrected spectra were compared to 

those proposed by the HORIBA KnowItAll Spectral library and the public RRUFF Raman 

spectra database. 

 

 

 

Figure 5. Instruments used for analyses. (A): Olympus BX53M petrographic 
microscope and DP740 digital camera (top component) used to generate 
photomicrographs. (B): TESCAN integrated mineral analysis (TIMA) instrument. 
Insert shows carbon-coated thin sections mounted on a stage.  
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Figure 6. Analytical and data-processing instruments. (A) Sample MJS mounted on a stage 
prior to analysis. (B): Hardware coupled with spectrometer for data acquisition, processing, 
and export.  
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Chapter 1: Kaap Valley Tonalite (Crumbly Granite) in a Quarry  
Way in at 25°45'0.28"S; 31° 3'12.07"E  

1.1 Site description 

Weathered outcrops of the Kaap Valley Tonalite are exposed in a municipal sandpit where 

tonalite fragments and sand are extracted for various uses in construction and road maintenance 

(Fig. 1.1). Where intact, outcrops of the tonalite occur as medium- to coarse-textured domes 

within masses of friable weathered material. Northwest-trending veinlets of epidote are 

common within the quarry. These are of a similar trend to dolerite dykes that invade the tonalite 

in the area between Barberton and Mbombela (Fig. 1. 3). The various mafic enclaves in the 

tonalite will be described in later sections of this chapter. As a public location, this site may be 

accessed by other people at any given time. Care should be taken to discourage harm or theft 

by accessing the site in groups and locking or hiding away valuable items in vehicles.  

 

 

 

Figure 1.1 Main features of Site 1. (A): Simplified geological map of the R38 Geotrail showing 
the context of Site 1 in the Barberton Greenstone Belt (BGB). (B): A detailed view of the black 
rectangle in (A) shows the location of Site 1 in the Kaap Valley Tonalite at the western margin 
of the BGB. (C) View of Site 1 looking southeast. Maps modified after Visser et al. (1956) 
and Anhaeusser et al. (1981).   
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1.2 Aspects of the site that may appeal to laypersons during site visits 

Solid outcrops of the Kaap Valley Tonalite occur in and around Barberton. At the sandpit (Fig. 

1.1), tectonic fabrics and fractures in the marginal zones of the tonalite can be observed. These 

contribute to an understanding of the emplacement history of the pluton. They may be 

highlighted for their significance concerning deductions made about the emplacement history 

of the pluton. Visitors will also see well-preserved outcrops of the tonalite found within cores 

of friable plutonic rock on the quarry floor. Such exposures provide examples of weathering 

processes that form part of the rock cycle.  

Fundamentally, concepts of weathering and variable resistance to erosion are easily seen here 

because the drastic change of slope at margins of the valley is very apparent. The weathering 

of the quartz-poor tonalite into a near-circular valley also contrasts with the resistance of the 

high hills formed by quartz-rich phases of the Nelspruit Batholith at the end of the R38 Geotrail.  

On a more advanced level, coarse crystals making up the tonalite in the sand pit will be a 

discussion point on the control of cooling rate on crystal size and shape. 

Various mafic enclaves and dykes (Fig. 1.2) can be used to discuss the usefulness of inclusions 

and cross-cutting relations in establishing relative ages of rocks.  

 

 

 

 

 

 

Figure 1.2 Kaap Valley Tonalite exposures at selected public and recreational localities in and 
around Barberton. (A): Extensive tonalite outcrops are a common occurrence in school yards 
and playgrounds. (B): A picnic location c. 16km WSW of Barberton (Tsekwane/Tiguan Pools) 
allows relative dating from the use of cross-cutting relationships between a basaltic dyke that 
crosscuts mineral layering and hosts angular tonalite fragments. 
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1.3 Geology 

1.3.1 Background  

1.3.1.1 Kaap Valley Tonalite 

Archean cratons contain granitoids of varying compositions (Moyen et al., 2010; Halla, 2018). 

These granitoids broadly fall into two main categories, the Trondhjemite-Tonalite-Granodiorite 

(TTG) series and the Granodiorite-Monzogranite-Syenogranite (GMS) series. During the 

Archean, granitoid magmatism often occurred episodically, and often produced composite 

TTGs (Halla, 2018). Further studies of TTG geochemistry led to the identification of two 

subcategories of TTGs, those with low Y and HREE, and those with high Y and HREE. These 

subgroups respectively correspond to deep and shallow crustal melting of oceanic crust with 

and without garnet in the residual phase (Halla, 2018).   

In the Barberton-Granite-Greenstone-Terrane (BGGT), TTGs constitute the oldest remaining 

granitic bodies of the region and were formed during three main magmatic episodes (Condie 

and Hunter, 1975; Anhaeusser and Robb, 1981; Kamo and Davis, 1994; Agangi et al., 2018; 

Kröner et al., 2018). The youngest of these magmatic episodes produced TTGs in the western 

and northern margins of the BGB during a period of rapid crustal thickening between 3250-

3225 Ma (Kamo and Davis, 1994; Byerly et al., 2018). It is during this period that the Kaap 

Valley Tonalite was emplaced. 

The tonalite is a medium- to coarse-grained (0.5-6mm) plagioclase-rich granite (albite-to-

andesine) mainly with hornblende and lesser biotite as mafic phases (Robb et al., 1986). It is 

more mafic than granitoids of the region (Anhaeusser, 1972; Robb and Anhaeusser, 1980; Robb 

et al., 1986). Fine- to medium-grained tonalitic dykes with no apparent chill margin occur in 

central parts of the pluton (Robb et al., 1986), while feldspar porphyries, quartz and carbonate 

veins commonly occur at and near pluton margins (De Ronde et al., 1988; Faure, 1989). The 

higher hornblende content in the tonalite compared to other granites, was initially ascribed to 

magma contamination by hornblende xenocrysts from ultramafic country rocks (Condie and 

Hunter, 1975).  However, complete assimilation of mafic-ultramafic country rocks, or mixing 

of rhyolitic and mafic-ultramafic magma were considered by Robb et al. (1986) to be 

appropriate based on petrographic and geochemical data.  

The most precise age determined for the tonalite is a U-Pb age of 3227±1 (Kamo et al., 1990).   

Subsequently, Ar-Ar ages between 3250 and 3035 Ma were determined from hornblende and 
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biotite crystals from central and marginal zones of the tonalite (Layer et al., 1992). The upper 

limit of the 3250-3035 Ma age spectrum corresponds to crystallisation of the tonalite after 

semi-solid diapiric emplacement to shallower crustal levels (Robb et al., 1986). Crystallisation 

was soon followed by a pre-3214 Ma magnetic reversal proposed by Layer et al. (1996) to 

possibly be the oldest preserved magnetic reversal on Earth. The younger ages of the 3250-

3035 Ma spectrum represent hydrothermal events presumably linked to the c.3.1 Ga intrusion 

of the Nelspruit Batholith and associated gold mineralisation of the northern part of the 

Greenstone Belt (Layer et al., 1992).   

Once solid, the tonalite was affected by northwest-trending shear zones (Robb et al., 1986; 

Faure, 1989). These shear zones became sites for the emplacement of sub-economic gold-

bearing quartz-chlorite-limonite veins with gold grades ranging from 0.03 to 0.9 ppm (Faure, 

1989). Two later generations of pre-Transvaal basaltic and gabbroic dykes with U-Pb 

baddeleyite ages of c.2965-2967 Ma and c. 2662-2686 Ma intrude the Kaap Valley Tonalite 

(Olsson et al., 2010).   The older of these is the northwest trending Badplaas Dyke Swarm 

which occurs in a c.80 by 100 km2 area between Eswatini and the Nelspruit region. It is 

correlated with lavas of the Nsuze Group (Olsson et al., 2010). Some warm-water springs of 

the Badplaas region occur where dykes of this swarm intercept sheared Archean plutons (Visser 

et al., 1956).  

The younger swarm is known as the Rykoppie Dyke Swarm (Olsson et al., 2010). It extends 

over a c.50 by 100 km2 area within the Archean basement part of the Barberton region and is 

correlated with the upper Ventersdorp Supergroup.  The Rykoppie Dyke Swarm formed in a 

rift basin that created accommodation space for the deposition of Transvaal Group sediments 

(Olsson et al., 2010).  

1.3.1.2 Enclaves 

According to previous workers cited in Barbarin and Didier (1991) and Barnes et al. (2021), 

mafic magmatic enclaves may be genetically related or unrelated to the enclosing granitic host. 

Enclaves may form through: 

- chemical alteration of xenoliths (Bower, 1922);  

- the disaggregation of synplutonic mafic dykes (Roddick and Armstrong, 1959);  

- partial melting of restite material to produce the enclosing magma (White and Chappell, 

1977); 
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-  magma mixing where granitic magma is recharged by incoming mafic magma 

transporting undercooled, (semi) consolidated fragments to be later enclosed in the 

granitic magma (Eichelberger, 1978; Gamble, 1979; Barnes et al., 1986) or  

- the incorporation (into granitic magma) of fragments of a more mafic, earlier phase 

crystallised from an evolving magma chamber (Pabst, 1928; Bateman et al., 1963). 

It has been widely accepted that TTG magma is generated through 15-30 % partial melting of 

hydrous ultramafic-mafic rocks (Holloway and Burnham, 1972; Moyen et al., 2010). This, 

according to Beard et al. (2004) occurs through incongruent melting of anhydrous mafic 

minerals in an assemblage of, for example, orthopyroxene-clinopyroxene-calcic-plagioclase-

FeTi oxides to produce trondhjemites or tonalites comprised of hornblende-biotite-sodic 

plagioclase-quartz.  In this way, preserved pyroxenitic restites may be associated with the 

resulting TTGs bodies.  

Less enigmatic associations of mafic fragments and TTGs are seen in angular mm- to km-scale 

enclaves which are understood to be rafts stoped into TTG magma (Anhaeusser and Robb, 

1981; Robb et al., 1986). These enclaves are abundant near TTG margins due to the 

emplacement of most Barberton regional TGGs directly against ultramafic and mafic 

sequences of the Onverwacht Group (Anhaeusser, 1969; 1976; Robb and Anhaeusser, 1981). 

The tonalite margins may therefore contain enclaves of both obvious and contentious origin. 

According to Robb et al. (1986), the enclave population of the tonalite is made up of large and 

small fragments of serpentinites and amphibolites. The larger fragments were regarded as 

xenoliths and smaller fragments which were partially digested and found to have reacted with 

the enclosing tonalite were regarded as comagmatic phases. Comparative geochemical 

analyses by Faure (1989) found that hornblende from enclaves in the tonalite and that from the 

host tonalite overlapped in chemical composition. 

The challenges in distinguishing the origins of enclaves were highlighted in Barbarin and 

Didier (1991). These authors described how the isotopic equilibration of enclaves with the 

enveloping melt may lead to a loss of the original isotopic fingerprint of enclaves. However, 

studies that include detailed comparisons of texture and chemical evolution of zoned 

plagioclase crystals from enclaves and the enclosing host allow for better assessments of 

enclave origins (e.g., Barnes et al., 2021).  

Distinct phases of the tonalite (Fig. 1.3) were identified in different spatial and topographic 

zones of the pluton (Robb et al., 1986). The dominant of these phases contains hornblende and 
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lesser biotite as primary mafic minerals. Less common was a phase that contained hornblende 

as the only mafic phase in low topographic zones of the tonalite whereas the latter was in high 

topographic zones (Robb et al., 1986).  

In contrast, field observations and petrographic analyses by Faure (1989) contended that the 

tonalite was originally homogeneous. The heterogeneous occurrence of biotite in the tonalite 

was attributed to complete chloritisation of biotite within the original biotite-hornblende 

assemblage due to higher susceptibility of biotite to chloritisation (Faure, 1989). Studying 900 

points on 78 tonalite samples, Faure (1989) provided a modal average of 58.1% primary 

plagioclase, 22% quartz, 5.8-20% hornblende and 1-10% biotite with 10.1% secondary 

chlorite, 2.0% epidote and 0.9-40% of secondary calcite in the samples studied. 

 

 

 

 

1.3.1.3 Margins 

Except for the western margin which is overlain by Proterozoic Transvaal Group 

metasedimentary rocks, the margins of the Kaap Valley Tonalite are adjacent to sheared 

metavolcanics of the Onverwacht Group (Anhaeusser, 1966, 1969). These sheared 

metavolcanics are locally associated with gold deposits that have been mined for more than a 

Figure 1.3 Distribution map of different tonalite phases of the Kaap Valley Tonalite. Also 
shown are NW-trending and roughly E-W-trending dyke swarms. Map redrawn from Robb et 
al. (1986). 
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century (Anhaeusser, 1966, 1969, 1976, 2013). Unlike the 3.1 Ga potassic granites of the 

Barberton region, the tonalite margins are not discordant intrusive bodies (Anhaeusser, 1966, 

1969, 1972). Instead, interleaving contact zones comprised of concordant, alternating layers of 

sheared tonalite and metavolcanic country rocks are observed within an amphibolite-to-

greenschist metamorphic aureole of less than 5 km (Anhaeusser, 1966, 1969; Robb et al, 1986; 

Faure, 1989; Dziggel et al., 2006). According to Anhaeusser (1966, 1969) and Faure (1989), 

lithologies on either side of the tonalite margin present a strong contact-parallel mineral 

foliation and lineation that dips or plunges southwest towards the core of the pluton at certain 

localities (Fig. 1.4). These fabrics decrease in intensity away from the contact zone, shallowing 

towards the core of the pluton suggesting that the margins of the tonalite were semi-solid during 

emplacement into the metavolcanics of the Onverwacht Group resulting in metasomatised 

schists (Anhaeusser, 1966, 1969). In this way, margins of the tonalite were sheared and 

recrystallised as they steepened and caused shearing of metavolcanic country rocks 

(Anhaeusser, 1969; Robb et al., 1986) and - according to Faure (1989) - produced a cataclasite 

zone in the southeastern contact of the tonalite. Both the sub-vertical and sub-horizontal strain 

within the Barberton Greenstone Belt was attributed to the shallow diapiric emplacement of 

the tonalite (Viljoen, 1963; Anhaeusser, 1968, 2019).   

 

 

 

Within the contact aureole of the tonalite are pluton-parallel extensional shear zones that were 

responsible for the downward displacement of Onverwacht metavolcanics (Anhaeusser, 1976). 

Beyond the contact aureole, the effects of the emplacement of the tonalite caused sub-

horizontal northeast-southwest shortening and detachment folding of the inner Eureka and 

Ulundi folds about a northwest-southeast fold axis. Progressive shortening led to 

northwestwards thrusting of the refolded Eureka and Ulundi folds during D3 northeast-

southwest shortening (Anhaeusser, 1976, 2019). This deformation was bound by the Barbrook 

fault in the southeast and the Lily Fault in the northwest (Anhaeusser, 1976, 2019).  

Figure 1.4 Schematic diagram of the interleaved contact between the Kaap Valley Tonalite and 
metasomatised volcanics of the Onverwacht Group. This outcrop can be accessed at Site 1 of 
the R40 Barberton-Makhonjwa Geotrail. Note the southwest-dipping foliation in the country 
rocks that also occurs in the tonalite. Modified after Faure (1989). 
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1.3.2 Present study 

1.3.2.1 Aim and Objectives  

To aim of this research was to make field descriptions of enclaves and their contacts with the 

tonalite and to describe textural and compositional characteristics of sampled enclaves and their 

margins.  

1.3.2.2 Methods 

Where possible, characteristic enclaves were viewed in three dimensions and were described 

in the field in terms of composition and texture, size, nature of contacts and orientation with 

respect to tonalite foliation.  

Representative samples of enclave variants within the host tonalite were cut into thin sections 

for petrographic study. The focus of descriptions was composition, identity, and texture of 

minerals on either side of the enclave-tonalite contacts. To verify enclave descriptions made at 

Site 1 of the R38 Geotrail, enclaves from three other sites that are easily accessible were also 

described. These include a river pavement from the Caledonia Siding, outcrops on a school 

playground in the Barberton Township and a river pavement at Tsekwane/Tiguan Pools that 

are respectively c.10 km north, c. 2 km NNW and c. 16 km WSW of the Barberton Central 

Business District. All sites studied occur within a hornblende-tonalite phase of the Kaap Valley 

Tonalite identified by Robb et al. (1986) in the southeastern margin of the pluton (Fig. 1.3).  

Elemental maps of representative samples of the tonalite and of a sub-angular mafic enclave 

with sharp margins were produced from complementary offcuts of blocks from which thin 

sections were cut. 
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internal mineral foliation are parallel or sub-parallel to tonalite foliation. In contrast, unsheared 

circular enclaves do not show any internal alignment or rotation of crystals into alignment with 

the foliation of the host rock (Fig. 1.6 D, H). 

Contacts of the enclaves range from sharp to gradational. Unless partially resorbed, rounded 

variants mostly have sharp contacts, and the angular varieties exhibit sharp and gradational 

contacts, sometimes even within different ends of the same enclave. While some enclaves are 

conspicuous due to a high content of hornblende, some are barely noticeable due to having 

similar mineral proportions to the host tonalite as well as diffuse margins (Fig. 1.6 C). 

Coarse (2-5 mm), isolated feldspar crystals occur heterogeneously within angular and circular 

enclaves commonly without a systematic increase in modal abundance from margins to cores. 

In other enclaves, feldspar content is uniform throughout the enclave. The latter are mainly 

composed of chloritised hornblende, 30-50 % plagioclase and <20% quartz. 
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Figure .1.6 Representative mafic enclaves of the Kaap Valley Tonalite form Site 1 of the R38 
Geotrail, Tsekwane Pools (TP) and Caledonia Siding (CS). Sample names are included near 
enclaves, see appendix for other samples. Scale bar has 1 cm segments. (A-C): Enclaves 
invaded by quartzo-feldspathic dykelets include angular enclaves (A), sub-rounded enclaves 
(B) and inconspicuous, tabular enclaves (C). Other enclaves are circular (D-E) or angular (F) 
mafic enclaves with uniformly distributed, coarse feldspar crystals. (G-I): Non-uniform 
distribution of feldspar in mafic enclaves is observed in enclaves with all or some diffuse 
margins and more mafic cores (G-H), or discontinuous internal zones of higher feldspar 
content (I). (J): A rare cluster of enclaves of varying hornblende proportions. 
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1.4.2 Petrography 

Samples studied were predominantly of the hornblende-rich tonalite phase. Texturally, the 

tonalite is coarse-grained and mainly comprised of euhedral to subhedral crystals of albite and 

hornblende 2-8 mm in size. The groundmass contains quartz, sericite, subhedral apatite and 

anhedral zoisite. Where present, euhedral to subhedral biotite is entrained in a weakly 

developed foliation that anastomoses around angular enclaves. Euhedral accessory apatite, 

magnetite and sphene are common inclusions in both hornblende and biotite. Hornblende in 

both the tonalite and enclaves is chloritised. Except for fractured enclaves, the main difference 

in angular enclaves and the tonalite host was the lower quartz content in enclaves (Fig. 1.6). 

 
 

 

 

 

Figure 1.7 PPL photomicrographs of representative samples of the tonalite and 
enclaves from Site 1, sample numbers are shown in the bottom left corners. (A): 
Kaap Valley Tonalite. (B-C): Sharp (B) and diffuse contacts of a single hornblende-
albite-quartz enclave in a biotite-bearing phase of the tonalite.  Note how the quartz-
filled diagonal fractures in the lower half of the thin section have transformed part 
of the enclave into a less mafic phase. (D): Gradational boundary between the 
tonalite and enclave where the only difference apparent is the higher abundance of 
chloritised hornblende in the enclave. (E-F): Sharp tonalite-enclave contact where 
the enclave is a finer grained and quartz-poor version of the host tonalite.  
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1.4.3 Elemental Maps 

Element distribution maps of the representative samples of the Kaap Valley Tonalite (NP-001) 

and a sharp margin of a representative mafic enclave show the following. Magnesium, calcium, 

iron, titanium, sulphur, chromium and rare copper occur in hornblende. Pyrite is highlighted 

where iron and sulphur co-exists while ilmenite is highlighted where titanium and iron clusters 

occur in association with hornblende. Albite crystals coincide with discrete zones of sodium, 

aluminium and lesser calcium-which is less abundant in the feldspar than the adjacent 

hornblende crystals. Potassium is concentrated at albite margins and in cores sericitised 

crystals. 

Figure 1.8 Photomicrographs of hornblende textures in representative samples of the Kaap 
Valley Tonalite from Site 1. PPL, XPL labels are in photomicrographs produced using 
plane-polarised or cross-polarised light, respectively. (A): Magnetite exsolution in 
chloritised hornblende (Hbl-Chl). Note the microfault (yellow star) (B): Mainly 
unchloritised biotite (Bt) along margins of a hornblende (Hbl) enclave that lacks biotite. 
(C): Mainly unchloritised biotite adjacent to chloritised hornblende.  (D): Quartz (Qtz) 
growth along hornblende cleavage planes. Note the alignment of hornblende cleavage with 
fold axes of kinked albite (Ab) and quartz (Qtz) in the tonalite sector of enclave NP-206. 
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 Figure 1.9 Element distribution maps of a representative sample of the tonalite (NP-001) 
shows an association of albite-forming elements (Na, Al, Ca and lesser K from potassic 
alteration). Fe, S, Ti and K occur in quartz within interstices of hornblende mineral clusters 
and Cu is associated with some sulphur clusters. Mafic minerals coincide with Mg, Fe and 
Cr-rich zones and are associated with discrete sulphur-rich zones. 
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Figure 1.10 Element distribution maps of a representative sample of a fine-grained 
mafic enclave (NP-204A) shows an association of albite-forming elements (Na, Ca and 
lesser K). Fe, S, Ti and K occur in quartz that occupies interstices of hornblende mineral 
clusters while Cu is associated with some sulphur clusters suggesting traces of 
chalcopyrite. Mafic minerals coincide with Mg, Fe and Cr-rich zones.  
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1.5 Discussion 

Different enclaves of the Kaap Valley Tonalite reveal the following. Some enclaves viewed in 

the field were inconspicuous due to a similar texture and composition as the host tonalite. They 

were only identified because they have a slightly higher proportion of hornblende. Such 

enclaves appear to be a more mafic, possibly an earlier phase of the tonalite, or they may have 

undergone an expulsion of felsic components due to compression prior to solidification (e.g., 

Barnes et al., 2021).  These inconspicuous enclaves may be angular or circular. The angular 

variants may be fragments of earlier-crystallised layers of the tonalite, whereas the circular 

variants may represent unmixed globules or undercooled fractions of basaltic magma 

introduced to tonalite magma during magma recharge (e.g., Barnes et al. 2021 and references 

therein). However, the presence of brittle fractures even in rounded enclaves (e.g., Fig. 1.6 B) 

might indicate thermochemical or mechanical rounding of once-angular enclaves that were 

fractured prior to being incorporated into tonalite magma. 

Fracturing of the enclaves facilitated mineralogical equilibration with the tonalite magma. This 

is seen in the higher feldspar content in enclave margins compared to cores and in highly 

fractured sectors of deformed enclaves (Fig. 1.6 G-I).  

The occurrence of sub-angular enclaves of lower hornblende content within a few centimetres 

to similar-sized, subangular enclaves of a higher hornblende content (Fig. 1.6 I) suggests an 

origin of enclaves from different sources. According to Flinders and Clemens (1996), methods 

of enclave transportation may include magmatic flow that may facilitate clustering of enclaves 

from unrelated sources. 

Petrographic studies of sampled margins of enclaves and the host tonalite revealed the 

following. The only biotite observed occurred in samples NP-204A and B which are respective 

thin sections of sharp and gradational margins found at different boundaries of a non-uniform 

enclave (Fig. 1.6 A). These samples contained clusters of euhedral biotite that were aligned 

with hornblende cumulates at the tonalite-enclave margin in the tonalite sector of the sample. 

No biotite was found in the enclave sector of the sample (Fig. 1.8 B, C). According to Faure, 

(1989), this lack of biotite in the Kaap Valley Tonalite may indicate more advanced 

chloritisation of biotite in the fractured enclave. However, in the biotite-bearing thin sections 

studied (NP-204A and B), chloritised hornblende occurred adjacent to biotite that is generally 

not chloritised (Fig. 1.8 B, C), possibly indicating a composition that does not support 

chloritisation. Alternatively, the enclave may be a fragment of a less evolved, biotite-free, 
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earlier fraction of the tonalite enclosed in a younger, biotite-bearing, more evolved, shallow-

level fraction of the tonalite as suggested by Robb et al. (1986). 

The chloritisation and formation of epidote from mafic components occurs throughout the 

tonalite-enclave samples. This alteration was found to be more advanced in (poorly) 

mineralised gold-bearing shear zones of the tonalite (Faure, 1989).  

Elemental maps show the association of sphene, pyrite (±chalcopyrite) and magnetite with 

hornblende, and presence of sodium and lesser calcium in albite, indicating a composition 

towards oligoclase. This albite-oligoclase content of the feldspars in tonalite is in agreement 

with previous descriptions by Robb et al. (1986) and Faure (1989). 

1.6 Conclusion 

Mineralogical similarities between the enclave and host tonalite suggest mineralogical 

equilibration of angular mafic xenoliths with the tonalite and the partial digestion of early-

crystallised phases of the tonalite. Microfaults and kink-folding of mafic and felsic minerals in 

the tonalite-side of the tonalite-enclave samples of this study (Fig. 1.8) indicates post-

crystallisation brittle deformation.  
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Chapter �������9�H�U�G�L�W�H���D�W���'�L�J�J�H�U�V�¶���5�H�W�U�H�D�W�� 

2.1 Site description 

�6�L�W�H�������L�V���D���U�R�D�G�V�L�G�H���V�W�R�S���R�X�W�V�L�G�H���D���K�R�W�H�O���D�Q�G���U�H�V�W�D�X�U�D�Q�W���F�D�O�O�H�G���'�L�J�J�H�U�V�¶���5�H�W�U�H�D�W (Fig. 2.1). It is 

situated near the intersection of the R38 Geotrail and the road to Consort Mine at 

25°40'43.60"S; 31° 4'47.69"E 

Rocks to be seen here are in a cocopan container filled with green verdite in a grey-green host 

rock. Also in the container are samples of talc and talc-carbonate schist in serpentinite (see talc 

description in the Chapter on site 4). Both verdite and talc were transported with permission-

from the Handsup Verdite Mine and the Scotia Talc Mine after the mines closed in 1999 and 

2019 respectively. A lot of parking space is available around the cocopan on either side of the 

road.   

 

 

 

 

                      

Figure 2.1. Main features of Site 2. (A): Simplified geology of the R38 road in the context of  
the Barberton Greenstone Belt. Maps modified after Visser et al. (1956) and Anhaeusser et al.  
(1981).  (B): a detailed view of the area outlined in (A) shows the location of site 2 northeast 
of the Handsup Layered Ultramafic Complex (white star) where verdite was once mined. (C):  
View of the turn off to site 2. (D): Cocopan at site 2 filled with verdite samples from the  
Handsup Mine and talc samples from Scotia Talc Mine.   
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2.2 Aspects of verdite and Site 2 that may interest laypersons  

Verdite (a variety of fuchsite), buddstone (a mottled or layered green stone related to verdite 

�W�K�D�W���L�V���V�R�P�H�W�L�P�H�V���F�D�O�O�H�G���³�6�R�X�W�K���$�I�U�L�F�D�Q���-�D�G�H�´�� and other colourful semi-precious ornamental 

stones were mined in the Barberton area from alteration zones of ultramafic lithologies. On the 

way to site 2, waste rock of the Handsup Mine will be an obvious feature on the western side 

of the R38 road about 9 km north of Barberton. This old mine is one of many historical mines 

of the region where colourful minerals of chromium were extracted.  The Handsup quarry is 

visible from the turn-off to �6�L�W�H�������D�Q�G���I�U�R�P���W�K�H���E�D�F�N�\�D�U�G���R�I���'�L�J�J�H�U�¶�V���5�H�W�U�H�D�W���� 

Visitors could be told about barbertonite (Mg6Cr2(OH)16[CO3]·4H2O), a colourful chromium 

hydrotalcite aggregate named after the town of Barberton (Frondel, 1941). It was discovered 

in 1941 within the Barberton region, in a layered ultramafic host of the Kaapsehoop Asbestos 

Mine c. 30 km northwest of Barberton (Frondel, 1941). Barbertonite is also known as stichtite-

2H (Mills et al., 2011) as it is a polytype of, and commonly occurs with stichtite (Ashwal and 

Cairncross, 1997; Mills et al., 2011). It occurs as pink, lilac or purple masses within altered 

chrome-rich serpentinites (Ashwal and Cairncross, 1997; Mills et al., 2011. 

 
Figure 2.2 Hand specimen of barbertonite (stichtite-2H), a lilac-to-purple chromium 
hydrotalcite mineral.  It is a polytype of, and usually co-occurs with Stichtite-3R (Mills et 
al., 2011). 
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�:�L�W�K�L�Q�� �'�L�J�J�H�U�¶�V�� �5�H�W�U�H�D�W�� �W�K�H�U�H�� �L�V�� �D�� �G�L�V�S�O�D�\�� �R�I�� �G�H�V�F�U�L�E�H�G�� �U�R�F�N�� �V�D�P�S�O�H�V�� �R�I�� �V�H�O�H�F�W�H�G�� �O�R�F�D�O��

lithologies. They include banded ironstones of the Fig Tree Group that provided sub-economic 

iron oxide deposits which have been mined in the region since pre-colonial times (Fig 2.4, 

Myburgh, 1949).  

 

 
Figure 2.4 Local Swati women carrying red ochre from Dumaneni, a pre-colonial iron mine at 
the northeastern margin of the Barberton Greenstone Belt. Image sourced from Myburgh 
(1949). 

Fig. 2.3 An example of related geological features that occur at different scales. The 
structural fabric near the Handsup verdite quarry can be used to show visitors how features 
present clues used by geologists to make plausible reconstructions.  
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2.3 Geology 

2.3.1 Background 

2.3.1.1 Handsup Layered Ultramafic Complex 

Situated at the southeastern margin of the Jamestown Schist Belt (JSB), the Handsup Layered 

Ultramafic Complex occupies a tectonically complex zone affected by multiple deformation 

episodes.  These include the regional shortening events of the BGB, possibly associated with 

the forceful shallow emplacement of the Stentor Pluton (c. 3250 Ma) in the northeast, the 

emplacement of the Kaap Valley Tonalite (c. 3227 Ma) in the south, and the intrusion of 

Nelspruit granites in the north (c. 3109 Ma) (Anhaeusser, 2019).  

The Handsup Layered Ultramafic Complex occurs as a sub-vertical anticline detached in a top-

to-the-northwest sense along the Albion Fault (Anhaeusser, 1969, 2019). It is made up of cyclic 

compositional layering that may include a basal dunitic layer, overlain respectively by a 

harzburgitic, websteritic, gabbroic and marginally anorthositic gabbro layers. Unlike similar 

layered complexes at the northeastern and southwestern margins of the BGB, lithologies of the 

Handsup Layered Ultramafic Complex are generally advancely altered. Common alteration 

includes serpentinisation, carbonatisation, steatisation, uralitisation, chloritisation, 

saussuritisation, sericitisation, propylitisation and silicification (Anhaeusser, 1969, 2019). 

Layered ultramafic complexes of the BGB intruded only into sequences of the Onverwacht 

Group (Anhaeusser, 2006; Hofmann et al., 2021). In the northern margin of the BGB, they 

intrude volcanosedimentary sequences of the Weltevreden Formation which is diachronous 

with uppermost Onverwacht Group strata of the southern BGB (Hofmann et al., 2021). A Sm-

Nd age of c. 3286 and Re-Os age of c. 3266 were determined by Lahaye et al. (1995) and 

Connolly et al. (2011) respectively.  

No direct age has been determined from the Handsup Layered Ultramafic Complex. However, 

Pb-�3�E���U�D�W�L�R�V���R�I���X�O�W�U�D�P�D�I�L�F���D�Q�G���P�D�I�L�F���O�L�W�K�R�O�R�J�L�H�V���I�U�R�P���W�K�H���D�G�M�D�F�H�Q�W���0�X�Q�G�W�¶�V���&�R�Q�F�H�V�V�L�R�Q���/�D�\�H�U�H�G��

Ultramafic Complex defined an age of c. 3244 Ma (Dupré and Arndt, 1990). More recently, a 

direct age of 3 244 ± 11 Ma was determined from a gabbroic unit of the same Layered 

Ultramafic Complex (Hofmann et al�����������������������,�I���W�K�H���+�D�Q�G�V�X�S���D�Q�G���0�X�Q�G�W�¶�V���&�R�Q�F�H�V�V�L�R�Q���/�D�\�H�U�H�G��

Ultramafic Complexes constitute a continuous layered sequence as proposed by Anhaeusser 

(1969), the abovementioned ages may be regarded as age estimates for lithologies of the 

Handsup Layered Ultramafic Complex.  
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2.3.1.2 Verdite 

Verdite is a variety of fuchsite schist found in altered serpentinites (Anhaeusser, 1963).  

According to Burns and Burns (1975) and Treloar (1987), the green colour in verdite results 

from a substitution of Cr3+ for Al3+ in octahedral sites of muscovite. 

       Muscovite                 Cr3+ substitution into octahedral Al3+ site                  Fuchsite 

True verdite is described as a green semi-precious ornamental stone with a hardness range 

between 3 and 4, and a specific gravity range between 2.70 and 2.87 (Harding and Jobbins, 

1984; Groeneveld, 1975).  Compositionally, it is described as a schist composed mainly of 

fuchsite (chrome-muscovite) and varying proportions of rutile, quartz, albite, chlorite, talc, and 

corundum (Anhaeusser, 1969, 1975; Groeneveld, 1975; Antenen, 1991). 

�7�K�H�� �Q�D�P�H�� �µ�Y�H�U�G�L�W�H�¶���L�Q�� �:�\�E�H�U�J�K�� �������������� �D�Q�G�� �$�Q�K�D�H�X�V�V�H�U (1963) was used to describe a soft, 

green, fine-grained, fuchsite-rich alteration product of mafic-to-ultramafic serpentinite. 

�$�F�F�R�U�G�L�Q�J���W�R���$�Q�W�H�Q�H�Q�������������������W�K�H���Q�D�P�H���Z�D�V���G�H�U�L�Y�H�G���I�U�R�P���µ�Y�H�U�G�H�¶�����W�K�H���6�S�D�Q�L�V�K�����3�R�U�W�X�J�X�H�V�H���R�U��

�,�W�D�O�L�D�Q���Z�R�U�G���I�R�U���J�U�H�H�Q�������µ�9�H�U�G�H�¶�����.�H�Urich et al���������������������Y�H�U�G���D�Q�W�L�T�X�H���R�U���µ�$�I�U�L�F�D�Q���-�D�G�H�¶�����+�R�E�E�V����

1982) as well as serpentinite (Anhaeusser, 1984) are other terms which have been used in 

literature to describe verdite.  Except for serpentinite/verd-antique, these various names for 

verdite all described a soft, green, fuchsite-rich schist with abundant rutile and varying 

proportions of quartz, feldspars and margarite, an Al-rich muscovite (Anhaeusser, 1963, 1975; 

Groeneveld, 1975; Harding and Jobbins, 1984).    

Verdite from the Barberton region has been known since 1907 before it was discovered in 

Zimbabwe where it is mined as a by-product of corundum production. Zimbabwean reserves 

have outlasted South African counterparts, the majority of which were confined to the northern 

margin of the Barberton Greenstone Belt (Groeneveld, 1975; Antenen, 1991). Best occurrences 

in the Barberton region, such as the one mined at the prominent Handsup quarry visible from 

the R38 road 12 km north of Barberton, were found within some multiply deformed and 

metasomatised Archean ultramafic sequences.  

According to Groeneveld (1975), three varieties of verdite were identified in quarries of the 

Barberton Greenstone Belt. The first type was pale green in colour, of a granular texture, 

compact and hard. This variety was found in a gradational contact with a white rock with the 

same texture.  The second type was a dark green, foliated, much softer variety. The third, a 
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green and white brecciated variety with white fragments often drawn out into thin bands folded 

together with the verdite. The latter variety is a semi-precious decorative stone locally known 

as buddstone. The three variants were found to grade into each other (Groeneveld, 1975).  

Later work by Antenen (1991) identified sub-economic verdite deposits reported to be altered 

mafic xenoliths sheared together with the encompassing 3.1 Ga potassic Nelspruit Batholith. 

No paragenetic sequence or metamorphic grade was described due to the ultramylonitic fabric 

of samples studied by the same author.  

A number of workers have investigated the composition of verdite within the Barberton 

Greenstone Belt, the Mashishimala deposit in the Murchison Greenstone Belt to the north, as 

�Z�H�O�O���D�V���W�K�H���µ�2�¶�%�U�L�H�Q�V���&�O�D�L�P�V�¶���D�Q�G���W�K�H���µ�&�R�Q�F�H�V�V�L�R�Q�V�¶���G�H�S�R�V�L�W�V���I�R�X�Q�G���L�Q���W�K�H�������������*�D���6�D�O�L�V�E�X�U�\��

Greenstone Belt of Zimbabwe (Partridge, 1936; Schreyer et al., 1981; Kerrich et al., 1987; 

Antenen, 1991). In all of these deposits, all samples were dominated by chrome-muscovite 

with a whole-rock concentration of 0.2-4 wt % Cr (Table 1), >25wt. % alumina and >7wt. % 

potash with abundant rutile and lesser chromite and magnetite as main opaque mineral phases.  

Various lithological associations of verdite occurrences were reported in attempts to 

characterize verdite deposits. It was initially proposed that verdite occurrences were linked to 

Cr-metasomatism of felsic schists (Hutton, 1942). Partridge (1936) proposed a genetic-and 

sometimes-spatial link of verdite to granitic bodies (Partridge, 1936). In contrast, an association 

of verdite occurrences with sheared contacts between altered serpentinised pyroxenites and 

metagabbros were noted by Anhaeusser (1963, 1972). In support of the latter, Groeneveld 

(1975) reported a close association of talc-chlorite lenses and verdite deposits in shear zones 

near contacts of a serpentinised metagabbro. This linked verdite formation to intrusive 

ultramafic lithologies which have been multiply metasomatised, initially through 

serpentinisation, then steatisation to produce talc, and later K-, Al-, Cr and Si- metasomatic 

processes �R�I���³�Y�H�U�G�L�W�Lsation�´���X�Q�G�H�U���F�R�Q�G�L�W�L�R�Q�V���W�K�D�W���D�U�H���R�Q�O�\���S�D�U�W�L�D�O�O�\���X�Q�G�H�U�V�W�R�R�G�� 

At a later stage, Pearton (1981) proposed a sequence of alteration events whereby K-, Al-, Cr- 

and Si- metasomatism associated with verdite petrogenesis, was subsequent to the 

carbonitisation of mafic/ultramafic wallrocks. In this way, carbonates were understood to form 

part of the composition of verdite (Anhaeusser, 1969; Groeneveld, 1975; Antenen, 1991; Ward, 

1999, Cairncross, 2004). 

In later years, more verdite occurrences were discovered in the area north of the BGB.  These 

deposits were described as northwest-trending, sheared ultramafic xenoliths within the 
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Nelspruit Batholith (Antenen, 1991; Cairncross and Dixon, 2007). A total of three deposits 

occurring from ca. 5 km (Nelspruit quarry) up to 30 km north of the northern margin of the 

BGB were identified (Antenen, 1991).  

 

 

 

 

 

Figure 2.5 Background of the old Handsup Mine. (A) Polished verdite ornament sourced 
from the quarry. (B) View of the unrehabilitated verdite quarry visible from the R38 road 
situated within the Jamestown Schist Belt. (C) Modified geological map of the Handsup 
Layered Ultramafic Complex (Anhaeusser, 1975) superimposed on a Google Earth 
image. White rectangle mark shows that the Handsup verdite quarry is situated at a 
lithological boundary between a pyroxenitic serpentinite and a metagabbro associated 
with a pyroxenite. 
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2.3.2 Present study 

2.3.2.1 Research question 

Verdite from the Barberton Greenstone Belt has been described by several workers, however, 

aspects of the mineralogy, occurrence and paragenetic model remain unclear.  

2.3.2.2 Aims 

This work aims to characterise, and propose a paragenetic model of, the best quality verdite 

from the Barberton Greenstone Belt and from a widely unknown, possible extension of the 

Jamestown Schist Belt located in Nelspruit (Fig. 2.10). 

2.3.2.3 Methods 

2.3.2.3.1 Sampling 

The Handsup Layered Ultramafic Complex (LUC) was selected for sampling due to the 

occurrence of high quality verdite. Due to the rarity of in-situ verdite within the quarry, samples 

thereof were collected from the quarry dump. Care was taken to collect representative variants 

in order to link composition of samples to physical features observed. 

Verdite host rocks were sampled together with intrusive bodies proximal to the only remaining 

verdite-bearing alteration zone still in-situ within the quarry. Less altered equivalents of the 

host rocks were also sampled from outside the quarry along strike from those bearing verdite 

within the quarry. This was to identify assemblages only present in altered verdite-bearing host 

rocks.  

Additional samples of verdite and the host rocks were obtained from a different geological 

context which lies in Nelspruit at a location ca. 19 km north of the Handsup LUC verdite (Fig. 

2.10). This was done to assess the validity of a petrogenetic and paragenetic model proposed 

for the Barberton verdite sampled from the Handsup LUC.  

2.3.2.3.2 Petrography 

Labelled samples were cut into thin sections. Phase maps of thin sections and elemental maps 

of thin section off-cuts were produced to confirm petrographic observations made on fine 

grained, and highly altered samples of this study.  

 



38 
 

2.3.2.3.3 Bulk Chemical Analysis 

X-ray fluorescence spectrometry was used to determine major and trace element compositions 

of selected samples. 
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2.4 Results 

2.4.1 Field Occurrence: Handsup quarry 

At the Handsup quarry, a NW-trending shear zone at the centre of the quarry intercepts north-

northeast trending strata of a westerly dip. From the quarry entrance in the southeast to the only 

remaining in-situ verdite in the northwestern part of the quarry are asbestos-bearing 

serpentinites (Sample HUVH) that are interlayered with thin (<25cm) grey chert layers. Some 

of these serpentinites contain disseminated grey-white millimetre-scale masses, are multiply 

deformed and in some areas within the quarry, occur as thin sha�U�G�V���N�Q�R�Z�Q���D�V���³�S�H�Q�F�L�O�V�´���I�R�U�P�H�G��

by the intersection of two cleavage planes. 

Verdite occurs in southwards-plunging lenses within a grey-brown, sub-vertically oriented 

chlorite-epidote schist (Fig. 2.6 B C, D). Disseminated within the schist are white, millimetre-

scale ovoid masses of albite that either occur as individual masses or lenticular aggregates in 

northwest-plunging tension gashes. Sheared and altered equivalents of these are altered to 

sericite ± kaolinite possibly from recent weathering.  Sub-vertical quartz-feldspar porphyritic 

dykes occur at both margins of the verdite-bearing chlorite schist and are the likely source of 

the sericite ± kaolinite in the tensional fractures of the chlorite-epidote schist. A few tens of 

centimetres northeast of the verdite lenses, the verdite-bearing sericite-chlorite-epidote schist 

and an altered, southwest-dipping quartz-feldspar porphyritic dyke are truncated by a 

harzburgite dyke. A thicker quartz-feldspar porphyry dyke occurs ca. 1m south of the verdite 

zone (Fig. 2.6 A) and is offset in a top-to-the southeast sense at the top of the verdite-bearing 

zone. 

In situ verdite observed invariably occurs as lenses between the chlorite-epidote schist and 

films of a powdery kaolinite-sericite schist (Fig 2.6 B, C). A few tens of centimetres towards 

the northeast of the verdite lenses, the verdite-bearing sericite-chlorite-epidote schist and an 

altered, southwest-dipping quartz-feldspar porphyritic dyke are truncated by a harzburgite 

dyke. A thicker quartz-feldspar porphyry dyke occurs ca. 1m south of the verdite zone (Fig 2.6 

A, B, sample CDWV) and appears to be offset in a top-to-the southeast sense at the top of the 

verdite-bearing zone. At the northeastern edge of the verdite-bearing zone is a layer-parallel 

zone of carbonated serpentinite (sample HUT). However, no obvious zones of pervasive 

carbonate development were observed in the quarry or vicinity.  
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2.4.2 Petrography: Handsup quarry 

The chlorite schist host rock of verdite (HUTH/CHWVH) is comprised of chlorite 

groundmass/oikocrysts that envelop kinked, ovoid albite masses that sometimes exhibit a 

Maltese Cross extinction (bottom right part of Fig. 2.7 A). The chlorite crystals are partially 

replaced by muscovite. Fine aggregates of chromite are disseminated throughout the sample, 

occurring as inclusions in albite crystals as well as in the muscovite-rich groundmass (Fig. 2.7 

B and E). Tensional fractures of different generations cut through the schist. The earliest is a 

feldspar-rich filled phase now occurring as muscovite-rich lineaments at a slight angle to 

Figure 2.6 Lithological context of the remaining in-situ verdite pods in the Handsup Quarry. 
(A): Verdite lenses in a sub-vertical array of southwest-plunging tension gashes. Labels refer 
�W�R�� �V�D�P�S�O�H�� �Q�D�P�H�V�� �H�[�F�H�S�W�� �³�$�/�7�´�� �Z�K�L�F�K�� �U�H�S�U�H�V�H�Q�W�V�� �V�H�U�L�F�L�Wised and kaolinitised feldspar 
porphyry. (B-C): The verdite lenses occur within earlier sub-vertical tension gashes that 
plunge towards the northwest. (D): Illustrated diagrams show the development of tension 
gashes mentioned above. The deformation sequence is based on features of the intrusive 
quartz-feldspar porphyritic dyke (CDWV) and the orientation of tension gashes. See 
Appendix B, Figure 1. 
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schistosity (centre of Fig. 2.7 A). The second generation is characterised by spinel-bearing 

fractures that offset the layer-parallel felsic veins. The latter are kinked sub-horizontally in a 

top-to-the northwest shear sense (Fig. 2.7 B-C). 
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Though verdite from Zimbabwe and the Limpopo Province of South Africa may contain red 

spots due to the presence of red rubies (Schreyer et al., 1981), the colours of Handsup verdite 

are mainly different shades of green, white, and yellow. These colourful layers are respectively 

made up of chrome muscovite, stringers of albite ovoid masses or lenses, and clusters of 

euhedral rutile crystals associated with sericitised albite layers. The chrome-muscovite which 

dominates the samples studied occurs as radial or cross-shaped aggregates with no preferred 

orientation, but where deformed, strong mineralogical layering characterizes the samples. 

Three main textures that were observed are described below and shown in Fig. 2.8.  

Type 1  

A sample of this variant is the closest to true verdite (NP-004). It is the softest sample and is 

vividly green. It consists of interlaminations of distinct, fine-textured mineral layers. The 

thickest and dominant layers are composed of chrome-muscovite intergrown with chlorite.  

Thinner layers include very fine sericite-feldspar-quartz layers and layers of rutile aggregates 

responsible for the characteristic yellow streaks in verdite hand specimens. Very rarely are 

albite masses and lenses preserved in this variant. The few observed have been heavily 

sericitised or resorbed into the micaceous groundmass and are better preserved within 

microfold hinges and along boundaries of mineral layers (Fig 2.8, H-I). Late-stage veinlets of 

albite cut across mineral layers. Opaque minerals were too fine to identify.   

Type 2  

Samples of this variant are dominated by lenticular aggregates of albite with chrome-muscovite 

rims separated by micro-shear zones filled with coarse, interlocking muscovite crystals. These 

Figure 2.7 Characteristics of the chlorite-muscovite-albite schist host of verdite in the Handsup 
quarry. Sample names are in bottom-left corners and PPL, XPL and RL labels are in 
photomicrographs produced using plane-, cross-polarised or reflected light, respectively. (A): 
Subvertical muscovite-rich lenses with albite crystals at kinks of an opaque vein. (B-C): 
Photomicrographs of disseminated clusters of chromite in a micaceous groundmass cut by a 
vein kinked along the orientation of mica fish. Magnetite crystals occur in dilational jogs of 
the kinked vein. (D): Syntaxial feldspar vein kinked normal to vein opening is cut obliquely 
by a thin opaque vein. (E-F): Bladed chromite crystals growing at margins of advancely altered 
ovoid crystals of albite. (G): Steatised and carbonated serpentine in the flanks of the verdite-
bearing zone. (H): Advancely sericitised feldspar porphyry. Cr-Ms: chrome-muscovite, Ms: 
muscovite, Chl: chlorite, Ab: albite, Spl: spinel (chromite/magnetite), Srp: serpentine, Tlc: talc, 
Mgs: magnesite, Ser: sericite, Fsp: feldspar, Rt: rutile.  
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lenticular aggregates of albite are set within chlorite partially replaced by randomly-oriented 

muscovite (Fig. 2.8.C-E). In sheared samples, the felsic lenses are subdivided into shear bands 

with margins lined by sillimanite (Fig. 2.8 I). No sillimanite was found in the chrome-

muscovite zone which lies in a transitional contact with the sillimanite-bearing albite lenses.  

Aggregates of euhedral rutile occupy fractures and cleavage planes of albite. Clusters of 

chromite and magnetite are disseminated in the fine-grained, vividly green chrome-muscovite 

groundmass and show no preferred orientation except when sheared into alignment with the 

schistosity of the sample (Fig. 2.8 C). Unsheared clusters of these oxides are associated with 

pale-coloured muscovite (Fig. 2.8 C). 

 

 

 

 

 

 

Figure 2.8 Mineral composition of the verdite-bearing samples and host rocks. Sample names 
are in the top right corners and PPL and XPL labels are in photomicrographs produced using 
plane-polarised or cross-polarised light, respectively. (A-B): Folded mineral layers in true 
verdite (Type 1). (C): Layered sample of incomplete verdite-formation shows more chrome-
muscovite in a sheared sector of the same fuchsitic schist. (D-F): Lens-bearing verdite (Type 2) 
at the interface of a chloritised serpentinite and an intrusive, porphyritic albite ± quartz dyke 
with sillimanite. (F). (G-I): Chloritised serpentinite in-filled by muscovite along tension 
fractures. This sample contains chrome-muscovite at margins of albite crystals that occur within 
lenses filled by porphyritic albite ± quartz fluid. (I). Ab: albite, Spl: spinel (chromite/magnetite), 
Cr-Ms: chrome-muscovite, Ep: Epidote, Srp-Chl: chloritised serpentine, Sil: sillimanite, Chl: 
chlorite, Rt: rutile.   
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2.4.3 Field Occurrence: Nelspruit mafic ridge 

Additional samples of verdite and host rocks (Fig. 2.9) were collected in Nelspruit (Fig. 2.10) 

for comparison.  At this locality, verdite lenses within quarry A in Nelspruit occur within a 

mafic ridge, in a schistose foliation that is strike-parallel to a northwest-trending shear zone. 

The shear zone cuts through a sub-vertical chlorite schist with interfolial veins of white quartz 

either encrusted with goethite or bearing prismatic voids lined with hematite.  

The chlorite schist in the southwestern quarry wall is folded sub-horizontally and the fold 

amplitudes become larger towards the southeast (f1 in Fig. 2.11 A-D). The larger structure of 

the folded quarry wall is here proposed to be a southeast-plunging antiformal syncline with z-

folds forming the southeastern wall of the quarry. A proposed interpretative model (Fig. 2.11 

D) depicts the proposed structural context of verdite in quarries A and B where verdite was 

once mined. 

Quartz ± feldspar veins intrude verdite in both quarry A and B. In quarry A, verdite occurs 

between an altered leucogranite and the chlorite schist. The contact is part of a sub-vertical, 

top-to-the-southeast, transpressional shear zone that runs parallel to the schistose foliation of 

the chlorite schist. The altered leucogranite is slightly sheared (Fig. 2.9 A) and marks the 

northwestern margin of the quarry. 

At the southeastern edge, the same chlorite schist is bound to the south by a northwest-trending 

fault zone occupied by a cohesive fault rock (Fig. 2.9 G) which is in turn bound to the west by 

boulders of massive cryptocrystalline white quartz with voids (quartz-feldspar porphyry?) that 

occupies at least 100 m2 of grassland. No contact was observed between the white quartz and 

the adjacent verdite zone or with the closest potassic granite which lies c. 100 m southwest of 

the quarry.  

Texturally, the fault rock at the southern extent of quarry A contains sub-rounded to sub-

angular, partially digested, boulders and cobbles comprised of alternating layers of white quartz 

± feldspar and pale green verdite (Fig. 2.9 F). These clasts represent a semi-precious carving 

stone known locally as buddstone (Anhaeusser, 1969, 2013).  Buddstone clasts in the fault rock 

are aligned with the northwest-trend of the verdite-bearing shear zone in the quarry. A similar 

lithology was sampled at quarry B where advanced silicification and compression had not 

occurred (Fig 2.9. G). The latter could be separated into the verdite matrix (NBN4A) and 

powdery cobbles of sericite-rich nodules in a verdite groundmass (sample NBN4B/C). These 
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cohesive faultrocks at Quarry B only occur as boulders close to sparse outcrops of the mafic 

ridge which, at that locality, occurs as sparse, metre-scale massive bodies of pale to dark green 

chrome muscovite. The latter are invaded by veins of pinkish, euhedral quartz veins with 

prismatic voids (Fig. 2.9 E).  

 

 

 

 

 

 

Figure 2.9 Lithologies in Nelspruit verdite quarry A and B (images E and G) labelled with 
sample names. Fuchsite is used here to describe siliceous verdite. (A): Fuchsite at the interface 
of the chlorite schist verdite host and a massive, foliation-parallel quartz-feldspar granitoid. 
(B): Layer-parallel quartz vein with prismatic voids (e.g. yellow star) lined with iron oxides. 
(C): Sub-vertical verdite sample. (D): One of the common layer-parallel felsic veins 
interlayered with verdite in the layer-parallel shear zone. (E): Sample of chlorite schist with 
incipient verdite formation (green in yellow circle) near veins of euhedral K-feldspar and 
quartz. (F): An apparent clast of banded fuchsite and quartz ± feldspar (buddstone) in a matrix 
of dark fuchsite schist. (G): Unsilicified angular clasts of massive fuchsite and sericite 
aggregates in a dark green fuchsite schist. 
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Figure. 2.10 Widely unknown verdite deposits 6 km south of Nelspruit (Quarry A: 26 32 
30.36 S; 30 57 52.50 E. Quarry B: 25 32 21.30 S; 30 57 46.26 E). (A): Simplified map of 
the Barberton Granite Greenstone Belt with two yellow circles marking the context of 
verdite deposits studied. The southern circle surrounds the Handsup Layered Ultramafic 
Complex of the BGB, and the northern circle marks the location of a verdite-bearing mafic 
ridge (quarries A and B) of Onverwacht Group affinity (B): Two verdite deposits sampled 
during the present study (quarries A and B) are separated by apparent dextral displacement. 
(C) Wider context of the verdite-bearing ridge marked with locations of verdite quarries 
reveals a similarly-trending ridge to the east.  
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Figure 2.11 Nelspruit verdite quarry A. (A): Verdite lenses (green ovals) occur within a 
foliation- and strike-parallel northwest-trending shear zone cutting through a chlorite schist.  
(B): Close up view of metre-scale fold in the quarry wall (f1) in image (A).  (C): Close-up 
image of left section of image (A) shows the merging of f1 folds (ii) into a larger fold (i) 
towards the right edge of the image. (D): Z-folds on the eastern margin of quarry may (Images 
A-C) suggest that the verdite-bearing shear zone occurs in the eastern limb of a northwest-
trending antiform. 



48 
 

2.4.4 Petrography: Nelspruit mafic ridge 

The main difference between the host rocks to the verdite in Handsup Quarry and Nelspruit 

quarries is the higher iron content in the Nelspruit chlorite schist which also contains a higher 

proportion of iron oxides and hydroxides at contacts with invading quartz veins. The Nelspruit 

verdite samples are also dominated by chrome-muscovite and an increasing proportion of 

preserved subhedral albite from quarry A to quarry B. Albite in this context is mostly sheared 

into layers. Where unsheared and preserved as distinct crystals, advanced alteration to 

muscovite is predominant (Fig. 2.12, C-E).  The alteration of feldspar and the resorption of 

andalusite porphyroblasts into a groundmass of muscovite and partially sericitised feldspar 

appear to be the source of muscovite in the samples. Unlike samples from Handsup, the 

alteration of chlorite by muscovite-precipitating fluids was not observed in the Nelspruit 

verdite samples as all samples were completely composed of muscovite-after-feldspar 

interlayered with or surrounded by chrome-muscovite. As observed in Handsup verdite, 

euhedral rutile also occurs in association with rarely preserved albite.  

 

 

 

 

 

Figure 2.12 Main minerals related to the formation of Nelspruit verdite from quarry A and B. 
Sample numbers at top right corner PPL and XPL labels are in photomicrographs produced 
using plane-polarised or cross-polarised light, respectively. (A): Photomicrographs of the Fe-
rich chlorite schist verdite host. (B): Dextrally sheared verdite with rarely-preserved feldspar 
crystals (insert). Quarry B samples show that the angular clasts in a fuchsite matrix (Fig. 2.9 
G) are comprised of nodular zones of muscovite aggregates (red stars) in a chrome-muscovite 
groundmass (C); and that resorbed andalusite occurs in some fuchsite schists of that quarry 
(D). Fe-OH: iron hydroxides, Chl: chlorite, And: andalusite, Ms: muscovite, Spl: spinel 
(chromite/magnetite), Cr-Ms: chrome-muscovite, Rt: rutile. 
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2.4.5 Elemental Maps 

In both the Handsup and Nelspruit verdite, the green Cr-muscovite-rich and yellowish rutile-

rich mineral layers common in high-quality verdite are detected as bands rich in Cr or Ti 

respectively. Cr, Fe, Mg, Nb, Y, V and As are homogeneously dispersed throughout samples in 

fine crystals, and except for Cr, coarser mineral crystals of these elements are concentrated in 

Ti-rich layers dominated by rutile (Fig 2.13 and 2.14). This suggests that muscovite replaced a 

phase that was rich in these elements-such as mafic minerals. Only V, Nb and Zr occur directly 

in rutile crystals, indicating the absence of ilmenite or titanomagnetite in the samples.  

In the Handsup sample of true verdite, quartz occurs as frameworks of resorbed crystals mottled 

with secondary chrome-muscovite (Fig. 2.13). Mg, Ca, Fe, Ni, Al and K are equally distributed 

in the sample, suggesting potassic alteration of a mafic precursor. 

Foliation-parallel quartz lenses in the chlorite schist verdite host of quarry A in Nelspruit (Fig. 

2.15) contain irregular spots of Fe intergrown with K and finer spots of Al while the chlorite is 

rich in Fe, and contains Al while lacking K. This suggests that the quartz vein contained some 

iron-bearing potassic feldspar, and that the chlorite host may be the iron-rich, aluminous variety 

i.e. chamosite: (Fe5Al)(AlSi 3)O10(OH)8. Within verdite from quarry A, no free quartz was 

observed. Instead, well-distributed Si is associated with Al and K, confirming the presence of 

muscovite-which dominates the sample. 

The partially verditised sample NBN3C of quarry B in Nelspruit shows K-rich nodules 

intergrown with Si-rich zones corresponding to muscovite after feldspar (Fig. 2.15).  The altered 

feldspar is surrounded by a chrome-muscovite groundmass rich in Al, Cr, Ti, Nb, indicating a 

mafic precursor-presumably the chlorite schist.   
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Figure 2.13 Distribution maps of selected elements within a compositionally layered verdite sample from the 
Barberton Handsup Layered Ultramafic Complex (sample NP-004). Mapped area of thin section offcut in the top left 
corner is marked by a black rectangle. Cr is less abundant in Fe-rich layers which are associated with immobile 
elements such as Al, V, Nb, Ti. In addition to occurring as distinct clusters, Cr and Ni, are homogeneously distributed 
throughout the sample in fine opaque minerals and in altered serpentine. No layering can be seen in the distribution 
of Mg, Ca and S which occupy the Cr-muscovite ± chlorite ± serpentine groundmass. 
















































































































































































































































































































































































































