
DEPARTMENT OF 
MINERALS AND ENERGY 

BUREAU OF MINERAL RESOURCES, 
GEOLOGY AND GEOPHYSICS 

SMR 
Record 
1975/65 

c.4 

056301 

RECORD 1975/65 

TRACE AND- RARE EARTH ELEMENT GEOCHEMISTRY AND ORIGIN OF 
ARCHEAN ACID IGNEOUS SERIES, BARBERTON MOUNTAIN LAND, 

TRANSVAAL 

by 

A.Y. GLIKSON and S.R. TAYLOR 

The information contained in this report has been obtained by the Department of Minerals and Energy 
as part of the policy of the Australian Government to assist in the exploration and development of 
mineral resources. It may not be published in any form or used in a company prospectus or statement 
withoutthe permission in writing of the Director, Bureau of Mineral Resources, Geology and Geophysics. 



I 
I 
I 
'I 
I 
·1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
·1 
I 
I 
I 
I 

' . 

RECORD 1975/65' 

TRACE AND RARE EARTH ELEMENT GEOCHEMISTRY AND ORIGIN OF 
.ARCHEAN ACID IGNEOUS SERIES, BARBERTON MOUNTAIN LAIND, 

TRANSVAAL 

by 

A.Y. GLIKSON and S.R. TAYLOR 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1 

2 

Trace and rare earth element geochemistry and oriGin of Archaean 

acid ifineous series, Barberton ~~ountain Land, Transvaal. 

Bureau of Mineral Resources, Geology and Geophysics, Canberra, ACT, Australia. 

Research School of Earth SCiences, Australian National University, Canberra, 
ACT, Australia. 

Abstract 

Seventeen Archaean acid volcanic and granitic rock samples from the 

Barberton Mountain Land, Eastern Transvaal, were analysed for major elements, 

Co, Ni, Cr, V, Sc, Cu, Zn, Li, Cs, Rb, Ba, Sr, Zr,. Hf, Ub, Th, U, Y, and REE. 

The data indicate extreme depl~tion of alkali and high-valency cations in both 

lJa-rich porphyries of the ultramafic - mafic volcanic Onverwacht Group, and in 

the 'ancient tonalites' which intruded this sequence about 3.4 - 3.2 b.y. ago. 

Som!" porphyries display highly fractionated REB pattern.9, indicating 

equilibration with and separation of garnet. Fractional cr.ystallization of 

,basic magmas at pressures exceeding 9 kb is thus indicated. The tonalites 

have pronounced positive Eu anomalies and are thought to have formed by partial 

melting of basic rocks under high-pressure conditions. The chemical data · 

are consistent with the interpretation of the Dalme1n and the 

Bosmanskop plutons as late and progressively differentiated members of the 

'anCient tonalite' suite. The origin of the lIelshoogte tonalite, Theespruit 

trondhjemite, Dalmein trondhjemite, and Bosmanskop granite is interpreted in 

terms of decreasing degrees of partial melting of mafio rocks with time. 

The Nelspruit migmatite shows a pronounced negative Eu anomaly, and was 

probably formed by anatexis of both the 'ancient tonalites' and OnverWacht 
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2. 

Group mafic rocks about 3 b.y. ago, within the depth range of 20 - 45 km. 

No Eu anomaly is shown by the Hood granite, ~lhich occurs above the migmatite. 

The chemistry of greywackes from the Fig Tree Group is consistent with 

derivation from a terrain composed of both Onverwacht Group and the 'ancient 

tonalites', including late K-rich members of this suite. The data lend 

support to .models advocating secular transformation from simatic to a sialic 

crustal environment, but suggest fundamental differences between the mode of 

genesis of the Archaean granite-greenstone terrains and modern island-arc 

systems. 

INTRODUCTION 

Inherent in the problem of the origin of Precambrian shields is 

the question of the evolution of, their earliest granites, and possibly related 

acid volcanic rocks- i.e., were these rocks formed by anatexis of still 'older 

sialic crust (e.g. Macgregor, 1951; Fyfe, 1973), or by partial melting of 

mafic crust (Viljoen & Viljoen, 196ge; Glikson, 1970, 1972; Glikson & 

Sheraton, 1972; Arth & Hanson, 1972; A nhaeusser, 1973; Jakes & Taylor, 

1974). Central to this question are the geochemical and isotopic characteristics 

of the earliest acid igneous members of Archaean granite-greenstone terrains. 

However, because of generally poor outcrop in granite terrains in Canada" 

Brazil, lndia, and Australia, " interpretation of the chemical and isotopic 

data is complicated by difficulties arising from limited understanding of the 

field relations. Furthermore, differential weathering of the different granite 

types - for example, more rapid weathering 

of plagioclase relative to K-feldspar, and thus poorer outcrop of tonalitio 

and trondhjemitic plutons - has resulted in extensive sampling bias in 

Archaean cratons (Glikson & Sheraton, 1972). 



Granites associated with the Barberton greenstone belt of the 

Swaziland System within the Kaapvaal Shield are an exception to the above 

observation in that they include a large variety of well exposed intrusions, 

most of \,Thich fall wi thin the time span 3.4 - 2.6 .b.-y. (de Gasparis, 1967; 

Allsopp §t al., 1968; 1969; Van Niekerk & Burger, 1969; Oos thuyz en , 1970; 

Hurley et al., 1972). Regional mapping of this terrain was carried out by 

the Geological Survey of South Africa (Visser et, al., 1956). Viljoen & Viljoen 

(1969 a,~c, d, e) conducted a major element ~omposition study of the granites, 
A 

and demonstrated secular chemical variations which they classified in terms of 

two distinct plutonic series. Hunter (1970) investigated the ancient gneiss 

complex of Swaziland, and reviewed the geochemistry of granites in the 

Kaapvaal craton (Hunter, 1973). Anhaeusser (1971) studied the granites of the 

Pretoria-Johannesburg dome, and pointed out their similarities to the granites 

of the Barberton area. Goles (1968) conducted HEE analyses of some of these rocks 

Because of their well exposed contacts with the greenstones of the 

Swaziland system and of the availability of isotopic age data, detailed 

geochemical studies of the granites should be meaningful in connection with 

the early evolution of Archaean cratons. In this paper we present data for 

major, trace, and rare earth element concentrations in seventeen samples. 

These include samples of acid tuff from the Theesprui t /='ormation, porphyries 

from the Lower Onverwacht Group and the ~Iiddle Narker , granites from 

the Nelshoogte, Theespruit, and Dalmein plutona, the Nelspruit miematite, 

. Hood granite and Bosmanskop pluton. The new data and earlier published data 

are discussed in terms of the following problems: (1) genesis of the acid 

magmas; (2) possible relations between the acid rocks and the greenstones; 

(3) the role of the granites as provenance rocks for the Fig Tree Group 

sediments; (4) comparisons with Archaean acid igneous rocks elsewhere, and 

comparisons with younger acid igneous series, with reference to the tectonic 

environment in which the acid rocks evolved. 
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The Swaziland System of the Barberton Mountain Land comprises the 

following major stratigraphic divisions (from top to bottom): ( 1) Noodies 

Group - an arenaceous sequence 3140 m thick, comprising at least four 

sedimentary cycles; (2) Fig Tree Group - argillites and turbidites 2150 m 

thick, divided into three forma~ionB; (3) Onverwacht Group (upper part) -

bimodal mafic to felsic volcanic cycles 7680 m thick, divided into the 

Swartkoppie, Kromberg, and Hooggenoeg Formations; (4) Onverwacht Group 

(lower part) - ul tramafic and mafic volcanic ' ,and hypabyssal rocks 7530m 

thick, divided into the Komati, Theespruit, and Sandspruit Formations 

(Anhaeusser et al., 1969; Viljoen and Viljoen, 1969 a, c.; Anhaeusser, 1973). ' 

The upper and lower parts of the Onverwacht Group are separated from 

each other by the Middle Narker - a thin unit of acid volcanics, chert, and 

carbonate rocks. Rb-Sr age determinations on the carbonate rocks yielded an 

age of 3375 ± 20 m.y. (S;i87(86 = 0~1016 ~0.OO05) (Hurleyet al., 1972). 

A quartz porphyry from the upper Onverwacht Group yielded a U-Pb age of 3360 

± 100 m.y. (Van Niekerk and Burger, 1969). The Onverwacht Group is intruded 

. by the 'ancient tonalites', a group of eval diapiric tonalitic to trondhjemitic 

plutons, including the Keap Valley, Nelshoogte, and Theespruit plutons, dated 

at 3310 ± 40 m.y., 3320 ± 40 m.y. and 3250 ± 40m.y., respectively (U-Pb ages, 

Oosthuyzen, 1970). The, 'ancient tonalites' are not ' known to intrude units 

younger than the Hiddle ~1arker, and could possiblyalttedate the upper Onverwacht 

Group. Another possible member of this group is the Dalmein plutot;l, with sphene 

and apatite U-Pb ages of 3190 and 3290 m.y. respectively (Oosthuyzen, 1970). 

Younger, more differentiated intrusions include the Nelspruit migmat1te 

(3160 ± 50 m.y., Oosthuyzen, 1970; 2992 ± 70 m.y., de Gasparis, 1967) and 

the Hood gran! te (3075 ± 100 m.y., Oosthuyzen, 1970). The older age of the 

Nelspruit I!ligmatite could be related to the inclusion of partly reworked parts 

of the 'ancient tonalites' (see below). 
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5. 

Specimen localities are plotted in Fig. 1. The petrography and 

mode of occurrence of the analyzed specimens are summarized in Table 1. 

Mineral identifications were carried out by polarising microscope and X-ray 

diffraction using a Philips PW1010 diffractometer (analyst: G.W.R. Barnes. 

B .1;I.R.) • 

ANALYTICAL ~!El'HODS 

~~jor elements and Rb and Sr were determined by X-Ray fluorescence 

following the methods of Norrish and Chappell (1967), Na and K by flame 

photometry (Cooper,1963) and FeO and loss on ignition by conventional chemical 

methods. Determinations of Ba, Cs, Zr, Hf, Nb, U, Th and RE.'E were made by 

spark source mass spectrography using the methods of Taylor (1965; 1971), 

the precision being about :t ~ expressed as relative deviation, and Co, Cr, Cu, 

Li, }~, Ni, and Zn were determined by atomic absorption (analyst: B.I. 

Cruikshank) using a Varian-Techtron AA-4 mooel, and using analytical lines as 

follows: Co - 240.7; Cr - 357.9; Cu- 324.8; Li - 670.S;Ni - 232.0; 

Zn -213.9. V and Sc were determined by optical emission spectrography, 

using a Hilger and vlatts direct-reading 3 metre polychromator (a.nalyst: 

T.I. Slezak). 

RESULTS 

The major and minor element data, 'CIPW norms, and various ratios are 

presented in Table 2. Element enrichment patterns relative to an analyzed 

metadolerite from the Tbeespruit Formation, which is similar to oceanic 

tholeiite, are portrayed in-Figure 4; this enables comparisons to be made of 

various chemical ratios within and between the acid igneous rocks. The features 
- . 

shown by the data are summarized under (a) major elements, (b) ferromagnesian 

elements,(c) alkali elements, (d) large high-valency cations, and (e) rare 

earth elements. 



6. 

(a) NAjor elements and petrochemical indices 

The tuffaceous porphyritic albite-mica-quartz schist (29)* 1s 

19wer i~ Si and K, and higher Fe , Mg, and Na than the non-porphyritic 

mica schists 34, 37, which may represent reworked sedimentary derivatives 

of the tuff (Viljoen and Viljoen, 1969a). These differences could be caused 

by leaching of Fe, Ng, . and Na during sedimentary transport, whereas the 

enrichment in Si and K may be due to colloidal co-precipitation and absorption. 

If this interpretation is correct, only sample 29 should be considered' with 

respect to primary igneous affinities, and the An-Ab-Or ternaries (Figs. 2, 3) 

suggest that the tuff can be classified as quartz keratophyre. ~le high 

solidification index reflects the high chlorite content. 

The quartz keratophyres (78, 90, 98, 100) fall close to the Ab apex 

of the An-Ab-Or and Q-Ab-Or diagrams, and include (a) porphyries associated 

with the lower part of the Onverwacht Group (78, 90), and (b) porphyries 

associated with the Niddle Harker (98, 100). Group (a) abounds in phenocrysts 

of p~rtly to completely chloritized amphibole, and is higher in Tf, AI, Fe, Ca, 

and P, and lower in Si and Na than group (b). Ab is higher in group (a), ' 

whereas Or varies considerably. Normative quartz amounts to about 25 percent. 

The three samples of 'ancient tonaiites' (106, 117, 118) display 

solidification, differentiation l ;. and peralkalinity indices similar to those 

of the quartz keratophyres, although they have higher Ca ' 0 The 

similarity could support cogenetic relations between the 'ancient tonalites' 

and the Biddle Harker porphyries. Two samples plot in the tonalite field 

and ' one in the trondhjemite field of the An-Ab-Or triangle~ The Q-Ab-Or 

diagram shows that the tonalites have higher Q/Ab ratios than in the quartz 

keratophyres. 

* Sample number 
. .. 

. ~' 
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7. 

Compared to the Nelshoogte rocks, the two Dalmein pluton samples 

(104, 105) have high K and low Ca levels, higher differentiation and 

peralkalinity indices, and lower solidificatipn indices ~the latter reflecting_ 

the slightly higher Fe)'(Fe + Mg) ratios. The decrease in Na/K ratio is 

accompanied by an increase in p. The analyses plot ld thin and on the 

boundary of the trondhjemite field on the An-Ab-Or . ternary diagram. 

. The Bosmanskop pluton specimen analyzed (115) is low in' Si, and 

somewhat high in Na, K, Ti, Fe, Mg, Ca, and P, as compared to the other 

samples. The Na/K ratio is about 1. Normative quartz is low. The rock 

plots in the granite field of the An-Ab-Or ternary diagram, but owing to its 

low silica content may be more appropriately termed adamellite. 

Field observations show that remnant bodies of tonalite, 

trondhjemite, and granodiorite abound in the Nelspruit migmatite and the data 

presented by Viljoen and Viljoen (1969a) indicate that the migmatites are 

compositi~nally intermediate between the 'ancient tonalites' and the Hood 

granite. Because of the banded natUre of the rocks, however, the single 

sample analyzed (10a) is not regarded as representative. The rock has 

high Si, low AI, Fe, Mg, and Ca, a Na/K ratio of 1.2, high normative quartz, 

and a Fe/(Fe + 11g) ratio higher than those in the groups discussed above • . ' 

The two Hood granite samples (109, 114) have high Aland alkalis 

relative to the sanple from the Nelsprui t migmati tee The analyses plot in 

the granite field of the An-Ab-Or diagram, and close to the eutectic point 

corresponding to 5 kb H20 pressure on the Q-Ab-Or diagram (Fig. 3). Normative 

Q is about 25 percent of the norms. Hcwever, the two rocks differ markedly 

vi th respect to Fe, loig, Ca, andTi, which are higher in sample 114, reflecting 

its epidote, sphene, and amphibole contents. 
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8. 

(b) Fe~romagnesian elements 

The new analyses and the data ' of Viljoen and Viljoen (1969a) 

indicate a general increase in the average Fe/(Fe + Mg) from the tuffaceous 

serici te schists (0.54) and porphyries associated with' the lower Onverwacht 

, Group (0.55) to porphyries of the IHddle Harker and the upper Onverwacht 

Group (0.64). Likewise, a general increase in this ratio is shown from horn­

blende tonalites of the 'ancient tonalites' (0.64, averaged data from 

Viljoen ~~d Viljoen, 196ge), biotite tonalites (0.64, based on the 3 'ancient 

tonalite' samples and on data from Viljoen and Viljoen 196ge), to the Dalmein 

pluton (0.69), to the Nelspruit migmatite (0.75) and to the Hood granite and 

Lochiel granite (0.80). There may also be a weak negative correlation between 

the Fe/(Fe + Mg) and the Fe + Hg values (J!'ig. 5). 

Relative to average granites, absolute abundances of Cu, Sc and 

especially Li are commonly 10''', and Co levels are somewhat high. Ni/r-1g and 

Cr/f.1g values are generally high (Fig. 6 ). Cr/V values are high, V/Ni ratios 

are low, and Li/Hg values are very low. High Ni/~1g and Cr/Hg values and low 

Li contents were also recorded in Archaean quartz albite porphyries of the 

Kalgoorlie System, I'lestern Australia (O'Beirne, 1968). 

There is a general sympathetic relation between Mn, Cr, N:i., Co, Cu, 

V, Zn, and Fe (Fig. 7) • A general decrease in N i/Ng and Cr /rlJ.g values with 

time occurs in the 'ancient tonalites, Dalmein pluton,and Bosmanskop pluton 

in that order. The secular increase in the siderophile element abundances and 

decrease in magnesium-related trace elements is refleete~ by a parallel decrease 

in the Ni/Co ratio and an increase in the V/Ni ratios in the plutonic series. 

,A decrease in Cr/V values and ' an increase in Fe, ~1n, V, Se, and Cu takes place 

in the Nelshoogte, Dalmein, and Bosmanskop plutons in that order. 
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Relative to the Theespruit dolerite, the general order of increasing depletion 

in forromagnesian elements follows (with some exceptions): loin (least depleted), 

Fe, Co, V and Sc, Cu , Ni, and Cr (most depleted). The pairs Fe-Mn, V-Sc, 

and Ni-Cr retain, on average, internal ratios similar to those of the Theespruit ~ 

dolerite, and thus little fractionation of these elements relative to one 

another is indicated. Ni/Co vail1es are consistently higher, and V/Ni values 

consistently lower, than in calcalkaline island-arc type volcanics (Taylor 
b 

et al., 196~, mainly owitf$to the lower Ni contents of the latter (de Long, 1974), 

(c) Alkali elements 

The .susceptibility of the alkali elements to secondary redistribution 

renders them less reliable indicators of primary composition, especially in 

the metamorphosed volcanics. K, Rb, Ba, and Cs levels are very low in the 

'l.'heesprui t porphyritic tuff (29), and higher in its reworked sedimentary 

derivatives. The latter also display increases in K/Rb, K/Th, and K/U - perhaps 

due to absorption of K relative to Rb, Th, and U from sea water. A parallel 

decrease in Sr/Ba and an increase in Rb/Sr partly reflect absorption of Ba and 

Rb from sea water and partial leaching of Sr along ~th Ca and Ha. 

The quartz keratophyres of the lower part of the Onverwacht Group 

and the Middle ~~rker porphyries display marked differences, notably higher 

Sr and Ba levels in the latter. The Rb content of one of the lower Onverwacht 

Group porphyries (78) is as low as 4.5 ppm (K20 = 0.2%), and K/Rb value for 

another sample (90) is anomalously high (802). Sr is particularly enriched in 

one of the rUddle IYiarker rocks (100) (707 ppm) ,as it is in similar quartz 

keratophyres of the Kalgoorlie System in Western Australia, where Sr values 

of 600 - 800 ppm are common (O'Beirne, 1968; Glikson and Sheraton, 1972). 

The Sr concentrations show no obvious relation to Ca o~ K levels. 
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The Nelshoogte biotite tonalites, Theespruit trondhjemite1 ,and Keap 

Valley hornblende tonalite (~oles, 1968) have low Rb, Da, and Cs, and high 

Sr levels, reflected in very low Rb/Sr values and high Sr/Ba values. The 

K/Rb ratios are moderate; K/Cs ratios are low and Rb/Cs ratios are also 

somewhat low as compared to average granites. In the Dalmein pluton samples, 

K, Rb, Ba,and Cs are higher, and Sris lower than in the tonalites. This 

trend is accentuated in the Bosmanskop pluton s~ple with respect to K, Rb, 

Ba',.- and Cs, whose increase in this intrusion is accompanied by anomalous en-

richments ill Sr and Ba ,.,hich are higher than in the Dalmein rocks by a factor 

of more than 2. The very low Rb/Sr value of the Bosmanskop sample suggests 

that fractional crystallization was not important, as this would have depleted 

the magma in plagioclase and therefore in Sr. This is also indicated by the 

lack of a negative Eu anomaly. 

The· llelspruit migmatite, Hood granite, and Lochiel granite show . 
. . 

broadly similar K, Rb,and Cs levels, and similar KJRbvalues (and in sample 

5168 also similar K/Ca, K/Th, and k/U values) to those of the Bosmanskop 

pluton sample; however, the latter is considerably higher in Sr, Ba, Z~and 

REE. There are marked variations in Rb and Sr between the Hood granite and 

Lochiel granite samples. 

K, Rb, and Ba ShOl'1 a secular average enrichment from the 'ancient 

tonalites' to the Dalmein pluton and the Bosmanskop pluton. There is an 

increase in enrichment relative to the Theespruit metadolerite from Sr (least 

enriched) to K, Ba, and Rb (Cs was not detected in the dolerite, and thus 

its enrichment factor cannot be calculated). The same order of enrichment 

applies in the Nelspruit-Hood-Lochiel group. Discordant trends occur, and the 

order of average enrichment of K and Ba is reversed in five of nine instances. 
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(d) Larce high-valency cations 

The Nelshoogte, Dalmein, and Bosmanskop samples reflect a secular 

increase in Th~d U, and Thju values in many of the samples are closely 

similar to those in the Theespruit metadolerite - indicating the close 

coherence of these elements during partial melting and magmatic fractionation. 

U is low in the quartz keratophyres and ' very low in the 'ancient tonalites'. 

Th levels in the sericite schists are comparable to those of Taylor's 

(1965) average granite, but are depleted in the quartz keratophyres, and in 

the 'ancient tonalites' they are low by factors of 3 to 15 relative to 

average granites. K/U and K/Th values of th~ tonalites are very high, while 

those of the other rocks they are closer to average granites, except for the 

reworked sericite schists (34, 37) and the Bosmanskop and Nelspruit samples 

which are enriched in Th relative to K, and in the two latter cases also 

enriched in U relative to K. 

Th/U values are high in. the sericite schists, possibly indicating 

oxidation and leaching of uranium. However, we consider the low concentration 

of both U and Th in the quartz keratophyres of the lower Onverwacht and the 

I'1iddle l''larker and in the Nelshoogte tonalites and trondhJ .emite as original 

igneous features, because they are consistent with the very low K, Rb, Cs, 

Ba, Zr, Hf, Nb, Y, and REE abundances in these rocks. 

Zr abundances have a considerable range in the sericite schists 

and are very low in two samples of the 'ancient tonalitea' and one sample of , 

the Dalmein rocks. The Bosmanskop pluton sample has very high Zr. Hf 

abundances mostly correspond to the range of average granites and average 

granodiorite, but are high in the Nelspruit migmatite, one of the Hood granite 

samples, and in the Bosmanskop pluton sample •. Zr/Hf values are high in the 

sericite schists and very low in two samples of the Nelshoogte pluton and one 

sample of the Dalmein pluton. 



12. 

Relative to the Theespruit metadolerite, average Zr and Hf show 

a remarkable covariance (:~lig. 4), suggesting near-retention in the acid rocks 

of their primary ratios. The sub-parnallel (though not coincident) trends of 

REE, Nb, U, and Th in relation to Zr (Fig. 4) may reflect the controlling role 

of zircon in concentrating these elements. The increasing order of enrichment 

relative to the Theespruit dolerite is: Y~(commonly depleted), Zr and Hf, 

REE, Nb, Th, and U (most enriched). \'lhereas in some instances the large-

radius high valency elements vary sympathetically with the alkali elements, in 

other cases they vary in the opposite sense (Fig. 4), suggesting that no 

correlation exists between zircon concentrations and alkali enrichment. There 

are few differences between the 'ancient tonalites' -Dalmein-Bosmanskop series 

and the Nelsprui t-Hood series ,'lith regard to element enrichment orders. 

If, as postulated below', the ~~elsprui t-Hood series formed by partial melting 

of the tonalites, no major reversals in the enrichment order of the high~ 

valency elements took place, suggesting that little alteration of zircon occurred 

d~ring the process. 

(e) Rare earths 

Chondrite-normalized data are portrayed in Fig. 8. The sericite 

schists of the Nelspruit formation display highlY variable REE patterns. The 

albite-phyric tuff (29) has high total REE and a fractionated pattern 

(LaN/IbN = 30)*. A well pronounced negative Eu anomaly is present (Eu/Eu* = 

0.54)**, which can be interpreted in terms of extensive plagioclase fractiona­

tion, as supported by the very low Sr level (221 ppm). The sericite schist 

samples (34, 37) are progressively depleted in, as well as less fractionated lnth 

* N - normalized to average chondrite composition. 

** Eu* - calculated Eu for an anomaly-free REE curve. 
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13. 

with regard to the rare earth elements. This is consistent with the major­

element evidence, suggesting leaching of the light REE during sedimentary 

transport. 

Quartz keratophyres associated with the lower Onverwacht Group ' 

(78, 90) have low total REE, display smooth, moderately fractionated REE 

curves, with LaN/ibN ratios of 25, 20, and light REE over chondrite 

enrichment factors of about 60. A higher light REE :'enrichment (over 100) 

and greater fractionation (LaN/YbN = 100) are shown by the amphibole-bearing 

porphyries of the (98,100) fiiiddle Harker. The heavy REE concentrations 

(Yb = 0.15 ppm, 0.19 ppm) compare with these of an Archaean dacite porphyry 

from Hinnesota (Yb= 0.164 ppm, Arth and Ranson, 1972), and with 'one of the 

Amitsoq gneiss samples (Yb = 0.162 ppm, O'Nions and Pankhurst, 1974). The 

REB fractionatio!~ pattern is analogous to that of the North Light gneiss of 

Arth and Ranson (1972). 

The 'ancient tonalite' samples have very low REE levels (30-50 ppm) 

and portray almost identical REE patterns. They show moderate fractionation 

(LaN/YbN = 23-44), moderate light REE enrichment (20-40), chondri tic heavy 

REE abundances, and very pronounced positive Eu anomalies (Eu/Eu* = 1.35, 

1.46, 1.85). These patterns are remarkably similar to those of the Saganaga 

tonalite (Haskin et al., 1968; Arth and Hanson, 1972). 

The REE patterns of the trondhjemite sample and trondhjemite-

granite sample of the Dalmein pluton closely coincide. Both samples show 

moderately high total REE abundances, very high light REE enrichment (La = 180), 
N 

lower heavy REE enrichment (YbN = 4.4, 5.4), and thus REB fractionation factors 

of between 30 and 40. 



I 
I 
I 
I 
I 
I 
I, 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
'I 
I 
I 

14. 

The Nelspruit migmatite sample is enriched in light HDE (LaN' = 140) 

as well as in heavy rum (Ybn = 15), and shows a pronounced ne r:;ative Eu anomaly 

(Eu/Eu* = 0.54) placed betl'leen a flat heavy ro~JtJ segment (W/Th = 1.5) and a 

steep light REE (La/Sm = 8) segment. 

The two samples from the Hood Granite differ in total REB by 8 

factor of about 10. ~:pecimen 114 has a highly fractionated pattern, the light 

REE enricfu~ent factor relative to chondrites being over 200 (LaN/YbN = 402). 

Specimen 109, hot·rever, has a less fractionated REE pattern (LaN/Ybu = 8). 

The Bosmanskop pluton sample displays a very high total REE 

abundance and a highlyfractionsted P~E pattern. The light REE enrichment 

factor exceeds 400, whereas YtterbiUm enrichment is less than 5-fold, resulting 

in a 1Jal/YbN ratio of over 80. -

Total REE vary sympathetically "lith Zr, Hf, Ub, U,and Th, and to 

a lesfJer extent with K, Ba,and Rb. There is no positive correlation between 

Eu and Sr. 

Yttrium varies sympathetically with Zr and total REE, but shows 

no clear relation to Ca or P, t'{hich sugges ts its presence in zircon rather than 

in apatite. Both absolute Y abundances and Y/Ca valves are notably low 

relative to those in average granites, and Y is especially depleted in .the 

'ancient tonalites', 103Y/Ca ratios being as low as O~15, 0.22, and 0.30. 

Y levels of the quartz keratophyres, the 'ancient tonalites', and the Dalmein 

pluton are lower than in the Theesprui t metadoleri te, in agreement ,'lith their 

depletion in heavy REE. , The depletion in Y is in line with observations 

on Archaean gneisses from Scotland and Canada (Lambert and Holland, 1974) and 

on i';estern Australia granites and porphyries (Glikson and Sheraton, 1972). 
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15. 

PETROGENESIS 

(a) Acid Volcanics of the Onverwacht Group 

The tuff intercalations and porphyries of the ultramafic-mafio 

Theespruit formation, the volcanic porphyries of the laddIe Marker, and the 

volcanios and breccias of the mafic to felsic upper Onverwacht Group (Viljoen 

and Viljoen, 19690, Allsopp et al., 1973), all form daoitio to rhyolitio end 

members of a bimodal volcanic suite, intermediate lavas being rare in this 

sequence. Considerations on the origin of bimodal suites of Archaean high-

grade terrains (Barker and Petermann, 1974) are thus also pertinent to the 

greenstone belt assemblages. The acid volcanios could have formed through 

one of the following prooesses: (1) anatexis of earlier sialic rooks; 

(2) crystal fractionation of mafic and/or ultramafic magma; (3) partial 

melting of mafio and/or ultramafic rocks at orustal or upper mantle levels. 

The initial sr87/ S6 ratios of felsic volcanics of the upper Onverwacht Group 

(2540 + 50 m.y., Ri -= 0.719 + 0.006; 2620 ± 20 m.y., Ri a 0.711 ± 0.007, 

Allsopp et al., 1968; 1973) are not oonsistent with mantle derivation of the 

felsic volcanics. However, these ratios and the stated ages must reflect a 

younger metamorphism, and the true volcanic ages must antedate the approximate 

3.3 b.y. age of the 'anoient tonalites' intruded into them. Partial melting 

of acid rocks would be expected to generate near-eutectic melts and result in 

enrichment in the alkali and large-radius lithophile elements'. However, 

fractionated K-rich volcanics have not been observed to date in the Onverwacht 

Group. Thus the porphyries analyzed by us have low K, Rb, Cs, Ba, U, Th, Zr, 

Y, !lb, and Rb/Sr, and high Ha/K, B~/llb, and in some instances high K,/Rb and 
sialic crust 

K/Cse Nor can tot~l LJel ting of J. be invoked with respect to the aoid 

volcaniCS, in view of the high liquidus temperature of tonalite (over 900°0, 

pII20 = pLoad (Phlinskii and l"lyllie, 1968; Lambert and \Vyllie, 1974). Suoh 

temperatures can only have been attained at crustal levels if. a geothermal 

gradient of at least 25°c /lcrn is assumed". 
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16. 

The highly fractionated REB patterns of some of the porphyries 

suggest t:;lat garnet was a residuG.l phase since it is the only common mine~al 

preferentially highly enriched in heavy REE. Insofar as the phenocryst-matrix 

partition coefficients of Schnetz1er and Phi1ipotts (1970) m~ be applicable 

to the origin of the acid volcanics, estimates of partial melting or fractional 

crystallization required to give rise to the observed REE patterns can be made, 

assuming equilibrium crysta1-melt r~lations. It must be borne in mind, however, 

that whereas the partition coefficients themselves var.y considerably in relation 

to pressure and temperature of crystallization, the ratio between light and 

heavy REE enrichments (relative to chondrites) is significant (see O'NionS and 

Pankhurst, 1974), and can be used for estimates of the degree of partial melting 

involved in producing these rocks. 

For the original composition of the parent rocks or bulk magma 

composition we assume the composition of a metado1erite from the Theespruit 

f<?rmation (sample 6), showing a flat REE pattern (Cen = 10; Yb:ti = 10) (Table 

2; Fig. 8). Enrichment values for Ce and Yb, assuming both eclogite and 

amphibolite source-rock assemblages, were calculated and are presented in Table 

3. On this basis the C~/YbN ratios of the quartz keratophyres (16, 20) (Table 

2) can be produced by over 40 percent of partial melting of eclogite of Theespru1t 

dolerite composition (C~ ~ 5, YbN = 10), but extremely low degrees of partial 

melting of eclogite are required to give rise to the more fractionated REE 

patterns of the ladd1e Marker porphyries (C~/YbN = 76, 84) (Table 2). 

Progressive melting of mafic rocks is probably unlikely, as it would have 

resulted in early eruption of acid m_elts, which is contrary to the mafic to 

felsic volcanic cycles observed in the upper Onverwacht Group. However, thr 

melts could have been produced by magmatic segregation and filter preSSing during 

the waning of the igneous episode. The high U, Th, Ba, Zr, Hf, ~fu, and REm 

of the volcanic porphyries relative to the 'ancient tona1ites' (Table 2) ~ 

also argue in favour of further concentration of these elements upon fractional 

crystallization of the ascending volcanic ~~s. In contrast, the tona1ites 

may represent litt1e-differentiated produots of partial melting (see below). 
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17. 

Green (1972) sugge~ted that garnet is stable at pressures of 

9 - 13.5 kb (\OTith10'1& H20 present) down to subsolidv.s temperatures, thus 

setting a minimum depth limit of about 27 km for the equilibration of the acid 

volcanic magma, whose fractionated REE pattern implies presence of garnet. 

~ven 'greater depths of magma derivation are suggested by the abundance of partly 

resorbed quartz phenocrysts, "Thich may signify pressures of about or over 

18 kb (pH20 < pLoad) at which quartz replaces plagioclase on the liquidus 

(Green and Ringwood, 1968). 

If the acid volcanics res'.llted from late-stage differentiation 

of the ultramafic-mafic magna, they could have inherited certain trace element 

characteristics from the latter. On the other hand, if the ultramafic-mafic 

magma and the acid melts ensued from partial melting in the mantle and of 

mafic crust, respectively, fewer similarities could be expected. The latter· 

conclusion waS reached in connection with the bimodal suite of the Kalgoorlie 

System, \'lestern Australia, where the acid volcanics have anomalously high 

Sr levels (600-800 ppm), but the associated metabasalts are low inSr (about 

100 ppm) (O'Beirne, 1968; Hallberg, 1972). In the Onverwacht Group such 

comparisons must await further trace element data for the ultramafic-mafic 

. volcanics . i'ie tentatively consider that the overall secular increase in 

Fe/(Fe + Hg) in the acid volcanics, which parallels the transition from the 

I>1g-rich ultramafic-mafic lower Onverl"lacht Group to the more fe-rich mafic 

upper Onverwac"ht Group, favours fractional crystallization of increasingly 

Fe .-rich basic magmas, rather than partial melting. From the BEE eviden ce and 

the presence of quartz phenocrysts, however, it follows that such fractional 

crystallization must have occurred at subcrustal or ~antle depths. The pauci~ 

of andesites may be explained jf consistent gravitative separation of garnet at 

deep crustal or upper mantle levels is assumed. 
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18. 

(b) Ori~in of the 'ancient tonalites'. 

The low concentration in the 'ancient tonalites' of Th, U, Rb, Ce, 

Zr, Hb, and total REE, as well as their low initial s'r87/86 (Davies, 1971), 

sets constraints on models for their evolution. As argued in connection with 

the acid volcanics, total melting of sialic crust depleted in lithophile 

elements is unlikely. As noted above, to effect total melting of a tonalitic 

crust, temperatures of over 900
0
C are required, and granulite facies metamorphism 

should have reached higher crustal levels than is suggested by the generally 

. low metamorphic grade in the greens tOlle belts. Furthermore, part ial melting of 

granitic rocks should have yielded highly fractionated liqu~ds, but no such rocks 

are knO\1n to antedate the 'ancient tonalites'. On the other hand, younger 

more fractionated intrusions are represented b~y the Dalmein and Bosmanskop 

plutons. 

The high Ca and AI, low Si, high Sr/Ba, low Rb/sr' and pronounced 

positive Eu anomalies sho~m by the analyses of the 'ancient tonalites' all 

point to strong enrichment of the magma in plagioclase. Partial melting or 

cr.ystal fractionation must therefore ha~e occurred under pressures at which 

plagioclase is unstable. Lambert and Uyllie (1974) showed that plagioclase is 

unstable at the tonalite solidus at a pressure of 15 kb (pH20 = pload) and 

temperature of 650
0
C (and at lower pressures at higher temperatures). Green 

(1972) concluded that garnet, which on the basis of heavy REE depletion was 

probably present in the source, is stable on the liquidus in the 9-13.5 kb range 

(with 10~ H20) at temperatures below9000C. Thus, crystal-liquid equilibration 

at crustal levels deeper than about 27 km and possib~ as deep as 45 km could 

account for both the enrichment of the tonalites in plagioclase and depletion 

in heavy REE. The fractionated REB patterns (CeN/YbN" 13 to 21) are consistent 

with over 40 percent melting of eclogite or garnet granulite Similar in bulk 

composition to the Theespruit metadolerite, USing the partition coefficients of 

Schlietzler and Fhilipotts (1970), but are not consistent with partial melting 

of amphibolite (Table3)~ 
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19. 

further 
To test the partial mel ting mode~ K, Rb, Ba, and Sr enrichments in 

~ 

melts resulting from various degrees of eclogite and amphibolite fusion were 

calculated, using the appropriate ·Kd values of Philipotts and Schnetz1er 

(1970). From 'rable 3 and l!~g. 4 it is apparent that the calculated order of 

increasing enrichments for the alkali and alkaline earth elements - i.e. enrich-

ment in Sr, Ba, Ie, and Rb in this order corresponds to the observed enrichments 
analyzed 

in theitonalites relative t~ the Theespruit metadolerite analysis. However, 

the percentages ~f partial melting of eclogite or amphibolite required to give 

rise to the observe.d concentrations vary for each element. \'Jhereas the 

CeN/Yb
N 

ratios of the tonalites indicate over 40 per cent melting of eclogite 

~f Theespruit metadolerite ~omposition (Table 3), smaller degrees of partial 

melting are required for the observed enrichments in alkaliS relative to the 
' . , 

Theespruit metadolerite. Thus, observed Rb enrichment factors (15.2, 31.9, 

38.2) imply less than 5 per cent melting; observed Ie enrichment factors 

(s.a, 16.4,22.1) imply betw'een 2 and 10 per cent melting; observed Ba 

enrichment factors (a.l, 9.4, 16) imply between 5 and 10 per cent melting, 

and observed Sr enrichment factors (5.3, 5.4, 5.9) imply about 10 per cent 

melting. This discordance may imply higher alkali levels of the source rocks 

relative to the Theespruit metadolerite, or alternatively a source composition 

more depleted in the light RBE, by analogy with modern oceanic tholeiites. 

The chemical features of the Kaap Valley granite, in particular 

a REB pattern intermediate between that of the Nelshoogte tonalite and the 

Theesprui t metadolerite (Fig. a), and the highea, Fe and Ng,and low 

Fe/(Fe + Hg) are consistent with a high degree of assimilation of ·mafic and 

ultramafic rocks, as suggested by Viljo~n and Viljoen (19699). However, the 

Ba and Rb abundances of ~. single Kaap Valley granite sample (Goles, 196a~ 

exceed those of the 'ancient tonalites', and,no fractionation of the biotite 

tonalite (Ne1shoogte pluton) relative to the hornblende tonalite (Keep Valley 
. thus 

pluton) iSiindicated by the available data. 
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20. 

The Dalmein plut9n \-laS previously assigned to a "younger granites" 

series, corresponding to the 2.9 - 2.8 b.y. range (Viljoen and Viljoen, 1969d, 

e). HOliever, more recent U-Pb \'lork by Oosthuyzen (1970) indi~ated isotopic 

ages of 31.90 ± 70 m.y. (sphene) and 3290 ± 80 m.y. (apatite). The Dalmein 

pluton intrudes synclinally folded rocks of the lower Onverwacht ' Group, and thus 

is structurally distinct from the adjacent 'ancient tonalites'(Theespruit and 

Stolzburg plutons) which are emplaced in anticlinal position. The two 

Dalmain pluton samples have higher lithophile element enrichment lev~ls, higher 

Fe, Hn, Cu and Fe/(Fe + Eg), and lower Ca, Mg, Ni, Crt and Co compared to the 

'ancient tonalites'. Also, the lower K/Rb and Sr/Ba ratios, higher Rb/Sr, and 

lack of positive Eu anomalies in the Dalmein pluton rocks are explicable in 

terms of separation of plagioclase from tonalite magmas. Alternatively, partial 

melting of ecologite (about 30 percent) of Theespruit metadolerite composition 

can be invoked to explain the REE data (Table 3), but further crystal 

fractionation is indicated by the observed enrichment ofK, Rb, and Ba 

far above levels calculated for this extent of partial melting (Fig. 4). 

The higher REE, U, Th, Nb, Hf,and Zr levels in the Dalmein pluton samples are 

att~ibutable to higher zircon content. It is likely that the Dalmein trondh­

jemite represents a ,late, relatively fractionated member of the 'ancient 

tonalite' aeries. 

The Bosmankop pluton (3130 ± 30 m.y.) is intruded into the 

Stolzburg pluton which is a member of the 'ancient tonalite' suite, samples of 

which from Lel~cerloopspruit were dated at as 3170 ± 20 m.y. (Oosthuyzen, 1970). 

The chemical data indicate very high enrichment of light REE (Cel/Ibu = 64.5) 

.and very high U, Th, Zr, Hf, Nb, Y, Rb, and Ba, suggesting either low 

degrees (about 10 per cent) of partial melting (Table 3) or extreme magmatic 

fractionation. However the mechanism of segregation and extraction of very 

snaIl proportions of liquid from the source rocks is difficult to envisage. 
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:i'Ior is strong magmatic fractionation consistent with the K/Rb value (191), . 

~he Sr/Ba value (0.84), the high Sr level, and the lack of a negative Eu 

anomaly in the Bosmankop pluton sample. It must be tentatively assumed 

that migration of liquids resulting from. incipient fusion was possible 

under the prevailing conditions. The apparent lack of plagioclase 

fractionation and the extensive equilibration with g~rnet suggested by 

the REE data imply that pressures exceeded 9 kb, and thus derivation from 

levels deeper than 21 km (see Green and Rin~iood, 1968). 

(c) Oriein of the Nelspr,uit migmatite and Hood granite. 

Viljoen and Viljoen (196ge) considered the Nelsprui t 

migmatites to be anatectic and/or metasomatic derivatives of the 

'anCient tonalites', and presented field evidence for a transition 

upwards from the tonalites into the migmatite, vJhich in turn grades 

upwards into the homogeneous Hood granite. Both the migmatite and the 

granite yield isotopic ages of about 3 b.y. (3075 ± 100 m.y., U-Pb age, 
87/86 . 

Oosthuyzen, 1970; 2992 ± 70 m.y., Sri = 0.7052 ± 0.0019, de Gasparis, 

1967), but older ages were also recorded (3160 ± 50 m.y., U-Pb age, 

Oosthuyzen, 1970), possibly corresponding to components of the 

'ancient tonalites' incorporated in the migmatite. . The initial 

87/ Sr 86 ratios of the Nelspruit mig~tite, Hood granite, and Lochiel 

granite (0.7054, Davies, 1971) are not inconsistent with a mode of 

origin involving partial melting of the. 'ancient tonalites', bearing 

in mind the low Rb/Sr ratios in the latter. Major element data 
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(Viljoen and Viljoen, 196ge) show that the average lIa/K values 

for the Nelsprui t migmatite (1~a20 = 4.37%; K20 = 3.57~b) fall 

between the averages of the 'ancient tonalites' (N:.l.,:,O - 5.38%; 
"-

K20 c 1.9~/o) and the Hood granite (Na20 = 3.76%; K20 = 4.97%). 

Likewise the average Rb level (105 ppm) and Sr level (278 ppm) of 

the Helspruit migmatite are intermediate bet\-leen the averages of the-

'ancient tonalites' (Rb = 52 ppm; Sr = 498 ppm) and the Hood granite 

(Rb = 189 ppm; Sr = 134 ppm). 

NotwithstandinG" the above considerations, Rl."'E data do 

not permit a derivation of the IJelspruit migmatite sample solely 

by partial melting of the 'ancient tonalites', because of the marked 

depletion of· the latter in the heavy REE - a characteristic not inherited 

by the migmatite. It would be difficult to explain this feature, 

except if partial melting of mafic source rocks with almost flat REB 

curves and not in equilibrium with garnet has also contributed significantly 

to the migmatite. For this reason, Nelspruit migmatites probably represent 

the product of combined melting of the 'ancient tonalites' and of mafic 

rocks of the Onverwacht Group, which abound as inclusions in the tonalites. 

As suggested by the negative Eu anomaly in the migmatite, the partial melting 

r/as accompanied by marked precipitation of plagioclase. On the other 

hand, as shown by the highly fractionated REE curves of one of the two 

Hood granite samples (114), in other instances the 'ancient tonalites' 

oould be almost the sole oontributors of partial melt at that stage. 

Further traoe element studies of the Uelspruit migmatite and Hood 

granite are neoessary to_dooument and eluoidate the sienifioance of 

their ohemioal heterogeneity. 
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22. 

A comparison bet'leen the chemistry of the 'ancient tonali tes rand 

the Nelsprui t-Hood suite (I;'ig. 4) indicates a general increase in the abundance 

of alkali and high-valency cations (Fig. 4). There are some variations in the 

orders of enrichment in lithophile el'ements relative to the Theesprui t 

metadolerite, which are as follows (in order of increasing enrichment): 

(1) Nelshoogte tonalite (average of 3): Y, REE, Zr, Nb, Hf, Li, Sr, U, 

TIl, Ba, Ie, Rb. 

(2) Nelspruit migmatite: Y, Sr, Li, Hf, Zr, REE, Nb, Th, K, U, Ba, Rb~ 

(3) Hood granite (average of 2): Y, Zr, Hf, Sr, L1, REE, Nb, Th, U, Ba, 

K, Rb. 

'I'hus, there is an increase in the ratio betrleen total REB and Zr, a 

general decrease in Th/U ratio, and a general decrease in the relative 

importance of Sr upon anatexis. 

The Nelsprui t migmati te sample (108) has higher Si and lower Al 

in comparison to analyses presented by Viljoen and Viljoen (1969&), and aa 

shown by the high Ba, Rb, Cs, Zr and Hf, and low K/Cs and Sr, represents a 

relatively differentiated end-member of the migmatite complex. This 

conclusion is corroborated by the pronou~ced negative Eu anomaly, and low Ca 

and AI, all pointing to fractionation of platioclase (Table 2, Fig. 8). 

It is pertinent to compare the chemistry of the Nelspruit migmatite-

Hood granite series with that of the Bosmanskop pluton. The Nelspruit-Hood 

analyses show lesser enrichment in total REE, Sr, Ba, Th,and U, and greater 

enrichment in L1. Fe/(Fe + Ng) and the order of depletion in ferromagnesian 

elements are similar in both groups, as follows (in order of increasing depletio~ 

. . I'ln, Fe, Co and Sc, Hg, Cu, Ni • The high contents of large-radius high-

valency elements, REE (553 ppm), Sr (1263 ppm~ and Ba (1500 ppm) in the 

Bosmanskop pluton suggest that phases enriched in these elements were selectively 

mel ted at crustal levels at ' which the !'Dagma has equilibrated. It is difficult': 

however, to ~nvisage a process by which partial melting of the 'ancient 

tonali tes r could result in the observed t\'lO-fold increase in Sr, considering 
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the low plagioclase content of the Bosmanskop sample. No such problem 

exists \'lith respect to the' Nelsprui t-nood series, ,\·/hich are depleted in Sr 

relative to the Helshoogte tonalite, thus being consistently with partial 

melting of the latter. The latter process must have therefore taken place 

at depths at l'lhich plagioclase is stable, i.e. at less than 15 kb (Lambert 

and llyllie, 1974). 

Hunter (1974) pointed out that the Lochiel granite analyses plot 

near the eutectic minimum which corresponds to the 7 kb (pH
2
0 = pload) on 

the Q-Ab-Or ternary. Thus, minimum and maximum limits of approximately 20 kIn 

and 45 1m, respectively, can be placed on the depth at '\-lhich anatexis of the 

'ancient tonalites' has taken place. 

The high Fe/(Fe + ~1g) values for the Uelsprui t-Hood series relative 

to those of, the 'ancient tonslites' can be understood in terms of separation of 

residual Mg. -rich phase. l<'ormation of basic upper-amphibolite to 

granulite facies asse~blages canthus be expected to occur upon granite 

formation. It is pertinent in this regard to note the occurrence of plagioclase­

diopside granulites reported from the 'ancient gneiss complex' in Swaziland by 

Hunter (1970), some of which could conceivably represent residues of partial 

melting processes. 

(d) The Barberton gram te-greenstone system, the 'ancient sl'neiss complex ~ 

and the source of the Fig Tree Group. 

Hunter (1970) and Barker and Peterman (1974) suggested that the 

amphiboli te-facies 'ancient gneiss complex f of S\,lazilandtlnt-edates the grani te-

groenstone system of the Barberton Mountain Land, and formed a source terrain 

for the sediments of the Fi~ Tree Group. Condie et ale (1970) supported 

this conclusion, citing the occurrence of K~feldspar in, a~d the high K and 

Rb levels of, greywackes of the Fig Tree Group, as compared to the low K 

and Rb in the ,'ancient tonalites' (Rb/Sr = 0.08, 0.10). 
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24. 

A comparison between the average 'ancient tonalite', the Theespruit 

metadolerite and. t\'10 average grey\"lackes from the Fig Tree Group (cited from 

Condie at al., 1970, and l'Iildeman and Condie, 1973)(Table 4), indicates that 

the greywackes have Si, Ti, Pe, Mg, Sri and heavy REE abundances intermediate 

between those of the 'ancient tonalites' and the Theespruit metadolerite. 

The K, Rb, Ba, Zr, light REE, Rb/Sr, and Ni values in the greywackes are 

higher, and AI, Na, KjRb, and Sr/na values are lower than in the tonalites 

and the dolerite. These relations can be interpreted in terms of sediment 

derivation from a tonalite-mafic-ultramafic provenance, if it is considered 

tlli.t the occurrence of detrital }~-feldspar in the greywackes and the excess 

alkalis result from (1) denudation of late members of the 'ancient tonalite' 

plutonic suite, such as the Dalmein and Bosmanskop plutons, and (2) adsorption 

of K and Rb from sea water onto clay minerals. The low Na and Sr in the 

greywackes may have resulted from leaching, whereas the high Zr and light REE 

contents may be attributed to mechanical concentration of heavy minerals during 

sedimentation. The hieh Ni contents probably represent contribution from 

ultramafic rocks (Condie et al., 1970). Thus, although derivation of the Fig 

Tree Group sediments from the 'ancient gneiss complex' is a possibility, the 

chemical data are not inconsistent with derivation from ' .ancient tonalites' 

and Onverwacht Group rooks. It has been suggested that the 'ancient gneiss 

complex' represents the deeply eroded coeval high-grade roots of the granite-

greenstone terrain. (Anhaeusser,. 1973; Glikson and Lambert, ., q75 ). 

If this is correct, the chemical differences between the tonalites of the 

'ancient gneiSS complex' and. the tonali tes of the Barberton region could be 

due to large-scale metamorphic differentiation processes resulting in a 

vertically zoned c~st (Glikson, ,Q75 ) rather than being attributed to 

chemical differences between rocks of different ages. 

(e) On the tectonic significance of Archaean acid magmatism 

The preceding considerations suggest that the acid volcanic rocks 

of the Onverwacht Group and the 'ancient tonalites' (both pre- 3.2 b.y. old) 

can both be regarded as products of partial melting and fractional 
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crystallization of mafic to ultramafic source rocks or magmas. In contrast, 

the Nelspruit micmatite-IIood granite series (ca. 3 b.y. old) is interpreted in 

terlns of intra-crustal anatexis of sialic rocks, including the 'ancient 

tonalites'. Thus a secular transforrration from ensimatic to 'ensialic igneous 

activity is reflected by the data, in agreement with the Archaean models of 

ilnhaeusser (1973) and Glikson (1968, 1970, 1972). 

The bimodal volcanic suite of the upper Onverwacht Group can be 

compared to ocean-crust type assemblages such as the spilite-keratophyre 

association of Alpine geosynclines (Steinmann, 1927). lIa-rich dacitic to 

rhyolitiC volcanic rocks sho\·dng considerable depletion in K, Rb, Cs, U, and 
, . 

Th abound in island 'arcs of the southwest Pacific (e.g. Gill, 1970; Taylor 

et al., 1969a). However, these examples consitute members of a high-AI 

andesite-rich calcalkaline association distinct from the Onverwacht Group. 
. f'\ 

Furthermore, with few exceptions (Gale, 1973), . no peri dotitic and high4ig 

volcanics analogous to the lOv-ler Cnvenlacht Group are kno\m from post-

Archaean systems. 

Andesitic volcanics, which are scarce in both the Onverwacht 

Group and the Kalgoorlie System of \'lestern Australia (Hallberg, 1972), are 

apparently more common .in Canadian greenstone belts (naragar and Goodwin, 

1969). This difference has been interpreteq. in terms of different H20 

partial pressure in a mafic source by Darker and Peterman (1974), \'/ho 

suggested that low degrees of partial melting of a wet subducted 

lithospheric slab were succeeded by total melting, accounting for the 

.bimodal volcanic suite. However, and andesite gap does not necessarily 

feUoH from the experimental work of Green (1972). Also, progressive 

p~rtial melting should result in acid to basic vol~~nic cycles, in 

contrast to field observations. . One possible interpretation of bimodal 

suites is that mantle melting episodes were follolr/edby low degrees 

of partial melting of subsiding mafic crust. Such a dual origin "VlOuld 

imply near-concomitant ,mantle and crustal melting episodes, which could 

perhaps be explained by rinine thermal gradients associated with 

mentle fusion events. Little crustal 
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,melting of acid material is suggested, because of the depleted composition 

of the acid volcanics with respect ,to incompatible lithophile elements. ' 

An alternative explanation resides in fractional crystallization at depths 

at which garnet is stable; i.e. , deeper than 27 km (Gr~en, 1972). Thus, 

extensive and consistent gravity settling of the dense garnet from intermediate 

melts could have produced predominantly acid magmas - a conclusion supported 

by the HEE data. l~rther detailed trace element studies of the Onverwacht 
the 

Group are required to assess~various models. 

The large _volumes of intermediate to acid magma represented in 

the 'ancient tonalites' are not likely to have formed t?rough fractional 
related 

crystallization of basic magna, as no genetic~lly / basic intrusions are 
/-

kno'l'ffi to have developed at that stage. As su{;'€;ested by the chemical data, 

it is highly unlikely that t he tonalites are the products of ensialic anatexis, 

nor do recent observations from experimental petrology perm-it direct derivation 

of intermediate or acid. liquids from the mantle, except at very shallow levels 

(Nicholls and Ringt'lOod-, 1972). Thus the t,.,o-stage melting model of RingvTood and 

Green (1966) implying active crustal circulation and partial melting of mafic 

crust, appears to be the most likely mechanism for the genesis of the 'ancient 

tonalites'. 
I ' 

Decreasing degrees of melting of mafic crust with time may account 

for the increasing differentiation shown by the Nelshoogte-Dalmein-Bosmanskop 

plutonic series. It is -thus reasonable to compare the Archaean acid igneous 

rocks l'd th possible analogues in island arcsi where acid rocks depleted in 

aikali and large-radius high-valency cations have been described by several 

workers (Taylor eta!., 1969a ; Gill, 1970; De:long 1974). Ho,.,ever, island 

arc v~lcanics do not as a rule display strong REE fractionation (Jake~ and 

Gill, 1970; Taylor et a1., 1969a). Furthermore, island arc calcalkaline 

suites are typically very depleted in Ni, Cr,and Co (Taylor etal., 1969b; 

Delong, 1974; Gill, 1970), in contrast to the Archaean rocks. Because of 

the high ,alumina contents of orogenic calcalkaline volcanics (Al20
3 

= 16-18%), 

as contrasted to Archaean volcanics (A1203 = 13-15%), the latter must have 
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equilibrat~d either under low pressures, at which plagioclase is stable . 

on the liq,uidus, or tmder high pressures at "1hich alU!llina-rich pyroxene 

is formed. The. fractionation of garnet, suggested by the REE data, 

supports the latter alternative. The lower limit of the stability field of 

aluminous pyroxene will depend on H
2
0 pressure. The high IH, eIj and Co of 

the Archaean volcanics militate against crystal fractionation of olivine under 

hydrous conditions, and relatively dry conditions are therefore implied. If 

this is correct, Green and Ringwood's (1967) stability range f.or plagioclase 

(0 - 15 km) and aluminous pyroxene (over 30 km) in dry mafic magmas may be . 

significant for explaining the low -,At contents of the Archaean volcanics. 

'lie tentatively conclude that Archaean acid. magmas equilibrated under deep 

crustal and upper mantle pressures and 101'1 H20 pressures (pH20 < pl.oad). Under 

s:.:.ch conditions extensive fractionation of garnet and quartz would have taken 

place, ,·,hereby garnet settled gravi tatively and quartz phenocrysts ~lere carried 

upward and were partly resorbed. 

The major anatectic event ' about 3 b.y. ago which gave rise to the 

Helspruit migmatite has apparently involved en upward migration of eutectic 

melts enriched in lithophile elements (Viljoen and Viljoen, ' 196ge). Accumulatior. 

of these melts at higher crustal levels and in the roof zones of the plutonic 

complexes gave rise to the Hood and Lochiel granites. The chemical data are 

consis ten t \,li th this in terpreta tion; the negative Eu anomaly of the 

Nelspruitmigmatite sample signifies the onset of more differentiated acid 

plutonism, akin to that characteristic of the Proterozoic. A younger 

igneous phase dated as about 2.6 b.y. is represented by the Hpageni granite 

(2550' ± 90 m.y.,Sr-ir8~ 0.7065 ± 0.0016; de Gasparis, 1967) and Hbabane granite 

(2550 ± 70 m.y.; Allsopp et a1., 1962)! and it lrill be interesting to .see how 

analyses of these rocks compare 'nth those in the present study. 
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CONCLUSIOHS 

Reconnaissance analyses of acid igneous rocks reported in this 

study sho\~ that each volcanic and plutonic suite in the Barberton Ji:ountain 

Land displays a unique set of trace element characteristics which afford 

both its chemical classification and an insigh~ into its likely mode of 

origin, as follo~/s: , / 

(1) Acid volcanic rocks associated with the Onverwacht Group 

may have formed by partial melting of basic source rocks, but rnore 

likely by fractional crystallization of basic magma under high 

pressures at which garnet was stable (over 27 km) and at lianing 

stages of basic-ultrabasic volcanic cycles. 

(2) Tonalitic plutons emplaced into the lower Onverwacht Group 

formed by partial melting of basic and ultrabasic volcanics, under . 
high pressures at lihich plagioclase was unsta.ble (over 40 Ion). 

(3) The Dalmein and Bosmanskop plutons, as late members of the 

'ancient tonalite' suite, probably formed by decreasing degrees of 

, partial melting of basic source rocks. 

(4) The Nelspruit migmatite and lfood granite probably formed by 

partial melting of 'ancient tonalites' and included basic­

ultrabasiC xenoliths at intermediate crustal levels (20-45 Ion). 
data 

(5) The chemicali do not - lend support to uniformitarian 

correlations between Archaean grani te-g:reenstone systems and 

modern arc-trench S'.fstems; 'except in very broad terms, but 

reflect - a general evolutionary trend from simatic 'crust to 

sialic crust in the Archaean. 
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733250" '.I ... c.lotl .. 10 S ... ,e,lo ... .,.tz folhhd •• Iert- So .. I 01 to. a • .,.Il •• Iblt.) 1_ .. 11 .. ) It ,..1 ... , t .. l .... rehl .. d 
fht ........ 1t F ..... tt", • ler .... ,.1011l .... hhl er,ohllI .. op.", .. 

7l325OJ7 l.t ..... lotl .. I. S.,.,.ltt-quwtr .chllt f.llalod •• Iert- Sorl.llo. Q • .,.h •• Ibll. II .. c ... II prl .. ,., Intur. rehln.d. "or_, 
Th ... ,...1t r .rutl ... cr)'ltoI1l •• t. r.cr,.hlllud th ... 73325034 

fl •• gr.l.td 

73325078 I .... I. Thl .. "",,1t Alblto p ... phyry Porphyrll I c. ~Iblto. o..,.tr. Chlorllt. corbo •• to corbo •• t •• lltr.lI .. 
F ..... tt .. Ilcroery.to1l h' IlreN, 0plqu" 

aroundu .. 

13325010 I .... ,. h .. t! F.,. .. " ... AI~11t porphyr, ' ... phyrltlc Alblh. Qu .. h,Chl ... tt ..... Ult. Orlhoclu. Id.ntltltd b, XRD. ""I .ot 
9I' .... d .... • f • p.q~ •• , IlreOll .... hthl ... ell .. 
.I~II. oler.loth. 

73325098 , .. t .f the Mlddlt " ... k.,. AI~11t .. t ... P ... ,hyrltlc Alblt., Q ... h, S.rlclt •• Chlorllt, P ... d ..... ph •• f thlor-I~' ~ft ... 
IIphlbol. acl4 por· Zlreoa • .,.tlt •• tp.~u ... c .. b ... h porphyrItic .. phlbolt. Th, .Ibllt It 
phyr, .... 11, .. rlcltlzod 

73325100 'ort .f tho ",MIt ~ ... k ... Alblt_phlb.l. PorphyritIc. zoo.d PIl<jloch .. (eloud.d Clftt, .. ud cl ... .1 ..... Ic,ocl,.. by X110 
,or,hyr, ,119'oclo .. ph,n .. lonld .lbl to "11), Quortl •• ,hlb.It. 

cr,.h, Aa,hlbol. chl ... 11o (forr09""'0), .. rlelh. 
'h .... ,y>h p ... t1, .phillt, z1rcon, ,pltH., .pldote • 
• Iler.d by chlorllt hI otl It. fl>Aqu .. , • .,.bonlh 

B. Pl.t .. l, rt~.! 

73325101 1'lOeopru.! t pluton f,ot"')"", "ypldlotlorphlc Oll90elau,Alblh, Quorh. ",crocI .. ,. XRO d.ltthd • ..thocla .. , .nd ,u99"" 
u •• ~-QI'anul ... .. ,hI b.". blo\1 h. ehlorlt ••• pldoh. tho .. phI bole Is • h .. lIo9.I\O 
... kl, 9 •• 1"° .. zIrcon •• ph.n., ljllllt., .orlclh. 

°Plqu •• 

73ml11 "hhoO<)\, ,I.t .. 'roInl i tn "Jpldlo .... phl. 01lqoc1 .... Alblh. Qu.,.tz •• lcreclln. All .. lh Ia rlll.d by .pldolt. 
91' .... 1 ... t. , ... Icllt, ch 101'1 to, o,ldoh •• ph •••• Epldoto ... pl"" .. chlorllt. Blotl to 
,1I9hl1 y ,or,.y. ap.t1 to •• 11 ""I t •• zlre ••• blo\t h. relict .c ..... lthln chlorlh 
rltlc ICclcuhr .. phI bolt 

73mll' ,. h"h.O<)t. ,I.t .. Tt)J1-,lito "ypl dl .. orphlc Ollqocla ... Qu .. tz. Ilcrocllo. blotlto Chlorlh .11 .... blotlt •• and It 
9r_l .. ch I ... lto, .pl dob, .ph •••• Ilrc ... co .. o.l, I.torl" •• d vlth It. 

OP.tllt, dhnllt I.f.lds, .. f ..... 9ranol .. rh. 
.,..und ,ll<jloch .. 

73325104 0.1 .. 1. ,Iut .. 'l'ronJJlj 0,,1 te Hypldlo .... phlc Alblt •• Quorh. nltrocll.l •• .,.Icllo. Pll9loel ... It cl ... d,d ."d zon.d. 

or .. •I ... chlorlh •• pldoh •• ph •• ,. ep.\! t •• blotllt I. Intorlt .. ,d .lth and .It.red 
llrc ••• 8paqu ..... phI b.lo .... 1110 b, chlorIte. Th. chlorll! 1.c1.d .. 
(holuslons to thl ... lh) both .lulln ... and ftrruQlnou, 

,orl.tl .. 

7332~10S D.1o,I. pl.t .. 'rronJhj'" ,ito Hypldl ..... phlc AlbIte. Quortz, "Icroelhe. chltrlt. Ftrro ... ehlorllt. Is rl ... d b, 
or_I .. (both .I .. lnou • .. d forr ... ), .I.oloou. chl ... lh. Rutl Ia nttd1es 

1I,'cll.,blotlh •• ph •••• ",atlt., 10 chlorite •• .,ol .. d up .. ,It,,.tlon. 
.lI .. IIt, .p.",II. r.tl1. (Incl .. I ... ,f blltlh 
I. chl ... It.) 

7lmtoe .. ",...,11 llQeattt. 1JiC13.1 titie ... _phlc or_lor Alblt •• o...-tz. MI"ocllftt. Orth.c1 .... Chlorlh ... IIt,.tlo. product of 
t;rWlito chl.,U •• bhllh, chlorlh, .. seO.lh.[ bl.tlh 

". ~Iotlt •• chlorll ••• pldoh. Itreol. 
09''1''''. r.tl1. (loclu.Io •• II chlorlh) 

-- --,-- . --. 

733251011 MeM ". .. 11t Gr;tJ1i to leo...,.pIola AI~lh. Qu ... tl, "'.re.lI ••• chlortlt Chlorlh ... lhr.lI .. pr.duct .f 

91'_1.,. (forrolll) .... Iclt •• ,pldoto •• ph.n., blotlto. f~ldot. r.pl..,11 ehlorlh 
'Plqu .. : r.tllo (hclu.loo. to chlorll.) 

('''''.-c,h.!> .. ,/.-' 
Chlorlh II .lhratlo. produc! of 73325114 ..... ". ... ih :;r-nite hypldlo .... phlc Alblt •• Qu.,-\z. "Itro<".', • .,.Iclh,;\ 

9< .... 1 ... • ph •••• eh I orlt ••• pl dolo, bitt! It, hl.lllt • pldoto repl"" .. ehlorl\t 
.plqu ... ,11111110, ... tllt 

-------. 
73325115 B •• , .... k., ,I,t .. ~~r.lJ1i to hypldl •• .,phlc Alblh, "'eroell .. , bl.tllt. chlorll. Aaphlbo1t rapl" .. ehlorlh. IIId It 

or .... l ... hlltl n9.1 h, .ph.., •• 8j)1 dolt. ap,\! h. In turn r.placed by .pldott, 
.. ricH" ztrcoa, ClC"'bonah, IPlquU Chlerl 10_ .. ",1 t. Inler9r •• thl-

all ... lh 

'---:. ._---
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Table 2. 

Major element, trace element and rare earth element data and ratIos for volcanIc and granItIc rocks 
from the Barberton MountaIn Land, and average granites. 
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Table 2a p. 1 

1.1 , 
VolcanIc and hypabyssal rocks , • r 

11 1;7 TheespruU Theesprul t fn LOller Onverwacht IHddle Marker: 1 
J . fm. tuff SerIcIte schIsts quart?' kerat ophyre Quart1 keratophyres , 

·""1 Average Average Average Theesprul t f . 
{ granite low-Ca hlgh-Ca lIeta-

, 

! 

tl (tlockolds granIte granite dolerIte 5029 5034 ~031 5018 5090 5098 5100 
1954; (Tureklan an·d 

i Taylor' Wedepoh 1 1961) 

t 1966) ;1 
~ ~3lor 
t ;r;;;ents 

1~12.08 ,14.25 61.19 50.14 14.34 19.28 80.33 13.40 11.35 61.19 61.49 

I Tl02 0.31 0.20 0.56 0.15 0.12 0.20 0.12 0.21 0.31 0.50 0.50 

1 1111203 13.86 13.53 15.,.1 15.20 11.13 12.60 12.14 14.02 15.02 16.02 15.99 
i 3.32 0.40 0.18 0.46 0.41 0~24 0.91 0.86 { Fe

2
03 0.86 l_eo 1.81 1.82* 3.19* 1.18 2.92 0.19 0.26 1.26 1.12 2.19 2." 

i nO 0.06 0.05 0.01 0.16 0.03 0.01 0.03 0.02 0.03 0.05 , 
I , IgO 0.52 0.26 1.56 1.21 3.06 0.85 0.54 1.23 1.11 1.59 1.18 

aO 1.33 0.11 3.54 8.13 0.13 0.11 0.01 0.55 0.26 0.18 3.03 

~i;O 3.08 3.48 3.83 3.88 3.21 0.11 0.21 1.09 . 6.48 5.10 5.39 

5.46 5.04 3.02 0.01 0.55 4.01 3.90 0.20 2.31 1.40 1.56 

. P205 
0.06 0.08 0.03 0.05 0.08 0.19 0.19 

~ 102 -
-,: '. S03 0.02 0.01 0.01 0.01 .;. 

, _lOSS 3.41 2.81 1.98 1.80 1.62 1.11 2.13 1.26 . 

{ otal 99.49 99.34 98.91 100.13 . 99.44 99.53 99.19 100.H 100.01 99.35 99.94 

" iltotal Iron as FeO 

{ CIPW 

1~ 
48.01 64.3 64.1 28.23 21.12 25.40 21.38 1 i Or 0.43 3.36 24.3 23.5 1.20 14.15 8.51 9.34 

I ~: 33.1 28.6 0.95 1.81 60.81 55.38 49.62 46.20 

24.5 0.13 0.36 0.05 2.44 0.18 2.71 13.97 

il 5.91 8.15 7.71 1.28 1.53 4.29 0.39 l 
i 17.4 12.9 2.2 1.37 4.77 5.30 6.60 6.05 1 Hy 

, -' 13.4 

~.9 0.6 0.03 0.53 0.69 0.35 1.45 1.26 .~ . .t 

It 
\ .. 

0.16 0.10 

i 1 

1.4 , 0.24 0.39 0.23 0.40 0.59 0.98 0.96 

'. Ap 0.15 0.20 0.01 0.12 0.19 0.46 0.46 

:, I 01 • 3.9 

f differentIatIon Index: 3.4 80 88.6 90 90.3 91.2 83.5 . 76.9 
" IOlldlflcatlon Index: 32 30 15.9 10.1 12 9.3 . 13.4 10.3 ~ 

eralkaH nlty: 0.42 0.51 0.36 0.38 0.85 O.BB 0.68 0.66 
Plag. An 42 0.4 27.3 2.7 3.8 1.B 5.2 13.2 . ,. 



. Table 2a p. 2 
i-t . 

~I·, 
t f erro~a2-
, neS\2n 

i I;r;;;;ts 
~ feO*IFeO* 

• t~90 0.82 0.87 0.71 0.59 _ 0.52 0.29 0.55 · 0.58 0.63 0.66 0.73 

flcu 10 10 30 1'" 108 3 2 5 24 5 10 

I $c 5 7 14 39 7 . 6 5 5 5 5 7 ., 
IIV 20 44 88 240 14 13 12 20 25 41 52 

~Co 1 1 7 47 13 . 3 5 8 18 12 11 

Ir 0.5 4.5 1.5 129 39 4 13 19 16 6 7 

f . 'l! 30 '40 24 5 15 9 12 4 3 6 4 1 i Cr 4 4.1 22 200 11 14 6 13 . 20 1C '10 

j IZn 40 39 60 81 62 13 12 40 . 40 70 100 

I N!/Co 0.5 4.5 2.1 2.7 3.0 1.3 2.6 2.4 2.0 0.5 0.6 

lIC!J/~! 0.50 0.22 0.34 0.47 1.71 0.28 0.17 0.25 0.26 0.12 0.1:9 

t'lIN' 40 ,9.8 5.9 1.9 0.4 . 3.2 0.9 1.0 1 •. 6 6.8 7.4 
1 llCr/v 0.2 . 0.09 0.25 0.83 0.78 1.00 1.07 0.65 0.80 0.24 0.19 

; 'Jl/Cr 0.125 1.1 0.68 0.64 3.54 0.28 2.16 1.46 0.83 0.6 0.7 

110
3 It '/~9g60 . 1280 250 00.1 80 170 370 50 60 50 50 

IAlkal' 
. ~ts . 

and 

1-;;'2e-
:: ad! us 
~-
valenc 

Ii e 1 ernents 

i Cs 5 4 2 0.19 0.46 1.6 0.11 2.1 0.66 

fa: 150 170 110 1.1 23.6 . 141.4 101 4.5 24.5 43.2 26.6 

600 840 420 18 170 1300 460 69 290 1300 540 
• 
i Isr 285 100 440 106~5 22.1 12.2 7.1 128.1 92.6 399.5 706.8 

. Th 17 17 8.S 0.31 14 18 17 5.0 6.2 4.1 4.1 

Ir 
4.8 3 · 3 0.08 3.2 1.5 2.6 1.5 1.4 1.2 1.0 

180 175 140 53 280 170 120 170 125 150 170 

Hf 4 3.9 2.3 1.2 5.3 4.4 1.6 3 3.7 · 3.2 3.2 

'INb 3 21 20 2.5 23 26 20 . 8.1 12 9.7 9.3 

I , 
~ 

\..' 

I. \ 

I 
,I 
I 
I 



k; Table 2a p. 3 
1 -
~~ ~ e!llenh 

, . 

1 and- ' ., -\ IE-.! ~. 
: ~ 

~:lr ed 

. 
~ K/Rb 302 2~6 228 528 193 235 320 369 802 268 ~86 
·1 

i ICS 9063 10~58 12533 2~026 7235~ 20231 178827 · 5533 19618 

J . Th . 2655 2~60 29~9 1814 326 18~9 190~ 332 3172 283~ 3158 

1 IU 9"1 139~~ 8355 7262 '. 
1426 22188 12~50 1106 1~050 9683 129~8 

i lSr ' 0.52 1.1 0.25 0.01 1.01 11.59 H.22 .0.03 0.26 0.11 O.O~ 

if' JO 42 55 - 124 301 63 223 20 40 

1 /~b 4 .\.9 3.8 16.3 7.2 0.9 4.5 15.3 11.8 30.1 20.3 
I 

0.41 0.12, 1.04 5.9 0.13 0.09 0.015 1.85 3.2 0.3 1.3 ! Sr/Ba 

f I/u 3.5 5.6 2.8 3.9 ~.4 12 . 6.5 3.3 4.4 . 3.4 4.1 
I ' 

} Zr/Hf 45 ~5 61 " 53 37 75 . 51 34 ~1 53 

~I 

llili rth 
el ements 

... 

I. 25 55 ~5 3.3 88 12 2.0 18 18 34 36 

Ce ~6 92 81- 8.3 97 29 12 31 33 71 63 

4.6 8.8 7.7 1.2 16 2.6 0.51 2.9 3.6 7.4 7.4 11 18 37 33 5.0. " 7.0 1.5 9.2 11 23 24 • j 

) . 
6.4 1.7 0.51 1.7 4.3 .\.1 11 3 10 8.8 1.1 '2.21 

1.6 1.8 1.4 0.7 0.84 0.49 0.25 0.42, 0.54 1.2 1.2 I 

11 2 10 8.8 2.1 3.5 1.8 0.88 . 1.2 1.6 2.9 3.5 

0.05 . 1.6 1.4 0.43 0.55 0.17 0;;8 0.17 0.21 0.41 0.33 
] 

0.5 7.2 6.3 2.9 3.5 1.8 1.3 0.83 1.6 1.5. 1.6 II 
f Er° 

~ 0.07 2.0 1.8 0.67 0.73 0.37 0.31 0.20 0.33 . 0.23 0.25 

0.2 .\.0 3.5 ' 2.0 2.0 1.1 1.2 0.52 0.87 0.46 0 • .\9 

II .. 0.06 4.0 3.5 2.0 1.9 1.2 1.5 . 0.44 0.82 0.15 0.19 

. REE 99.5 233.2 202.2 30 264 60 22 67 n 147 142 

lilThN 
40 40 35 21 27 11 6.7 12 9.9 8.8 8.8 

1 12.1 . 5.8 ' 2.0 15.6 20.0 84 16 

~' llREEI HREE 1.9 21 7.8 3.0 19 . 12 25 . 21 , . 

! . /Yb 417 13.7 12.8 1.7 46 10 1.3 41 22 227 . 189 

I 11Th 33 2.5 2.5 1.1 1.8 1.5 1.3 2.7 . 2.0 19 18 

r /Eu* 1.25 0.5.\ 0.94 1.39 . 0.94 0.92 1.08 1.04 

t.. 
r 
fl !. 



lable 2b p. 1 
·t . .: 

11 Plutonic rocks 

'Ancient jonalltes' Dalmel n pluton 8osman- Uel- Hood Granl te. 

11 kop spruH 
pluton mlgmll-

I · tHe ' 
. "' //1 Kar.p Valley Theesprult !lp,l shoogte pluton Lochial ' I 

J granIte phlton 5117 511e 5104 5105 5115 5108 5109 5114 !;lranlte 
i 5106 

-~l; 
el~flIp,nts -

1 _,102 64.84 70.63 68.93 70.63 69.1'1 70.57 65.75 75.99 72.35 68.89 71.32 

: ,102 0.49 0.24 0.30 0.31 0.32 0.35 0.69 0.21 0.11 0.64 0~32 

111103 15.44- 14.98 16.21 15.29 15.02 14.52 14.92 " 12.40 15.22 14.57 14.34 

1" e203 1.80 0.39 0.76 0.73 1.21 1.45 2.33 0.36 0.33 0.80 0.59 

; leo 2.44- 1.26 1.58 1.52 1.09 1.00 1.61 1.66 0.64 2.12 1.73 
j . 

1. nO 0.04- 0.03 0.03 0.03 0.05 0.06 " 0.08 . 0.05 0.02 .0.05 0.08 
1 " 
i rgO 2.60 1.06 1.22 1.06 0~95 0.97 1.14 0.64- 0.39 0.62 0.57 

110 4.25 2.37 3.69 3.34- 1.72· 2.04- 2.29 1.18 0.98 2.39 1.33 

" 0 4.93 5.37 5.16 4.95 4.72 4.74 4.75 3.61 5.21 4-.05 3.92 ; "a2 

]:\ 1.53 1.55 0.62 1.15 3.46 2.93 4-.67 2.96 3.68 3.85 4-.95 

0.18 0.06 0.09 0.09 0.18 0.18 0.37 0.02 0.03 0.23 . . 0.31 

12 
, 3 0.01 0.01 0.01 0.01 

I
LOSS 1.10 0.79 1.29 0.84- 1.08 1.00 0.85 1.01 0.77 1 ~15 0.69 

~l _ tal 98.76 99.87 99.95 99.51 99.83 99.46 100.08 99.72 99.38 

~' .~ i II 

i Q 26.80 26.63 28.4-4 24-,'5B 26.74- 15.63 39.48 " 25.31 24.66 
i 

21 )7 

" 

9.35 3.72 6.86 20.77 17.52 27.98 17.65 23.16 

46.37 ".27 42.25 40.55 4-0.57 40.74- ,30.82 44.53 34.88 

)." . 
11.60 .17.97 16.12 7.47 9.05 5.69 5.78 4.71 10.4-0 

0.31 . 0.57 0.05 0.83 0.28 1.17 0.97 -
ii 4.38 . 4~94- 4.41 2.98 2.62 1.69 4.13 1. 75 3.82 
! . 

j . -
1 Mt 0.58 1.12 1.07 1.78 2.13 3.43 0.53 0.48 1.18 
t ' 

11 .-
l 11 0.47 0.58 0.59 0.62 0.67 1.33 0.40 0.21 1.24 
i !, 0.15 0.22 0.22 0.43 0.43 0.B9 0.05 0.07 0.65 

i 'fferentlatlon Index:82.52 
. - ~ 

85.90 "e4.83 84.36 87.95 91.80 82.70 74.62 )7.54 
\. -

; 'llIdlflcatlon Index: 11.0 13.1 1"~6 8.31 B.7 7.9 6.9 3.8 5.4-

! ralkallnlty: 0.70 0.56 ' 0.61 0.77- 0.76 0.86 0.74- 0.82 0.74 

! ,I". A, 
20 2B.9 37.6 15.5 18.2 12.2 15.8 9.6 . 23.0 

j' 
11 

1.1 L 
t. . ,-



Table 2b p. 2 

• )lgO 0.61 0.60 0.65 0.67 0.69 0.70 0.76 0.75 - 0.70 0.82 0.80 

-:l.U 5 8 12 8 10 17 4 3 15 Y 
e -1.8 - 5 _5 5 5 5 8 5 10 5 

;10 24 36 31 30 30 49 1() 10 n 
9 8 9 6 9 10 5 6 10 

! i' 
v ) 

21 13 11 8 6 6 3 3 11 
: , 23 12 10 14 11 18 7 22 13 31 44 , 

Cr 15 24 21 10 10 8 3 25 

; In 47 46 45 48 70 101 64 31 87 

! Nt/Co 2.3 1.6 1.2 1.3 0.7 0.6 0.6 0.5 1.1 

; _u/Nt 0.20 0.22 0.39 0.26 0.33 _ 9.34 0.44 

lINt 1.1 2.8 2.8 3.7 5.0 8.2 3.1 

i [IV 0.62 0.66 0.67 0.33 0.33 0.16 0.3 0.73 

; . a/er 1.4 0.54 0.52 0.8 0.6 0.75 1 1.6 

IOJ/1I/M9 180 130 220 190 310 100 570 550 830 

0.62 0.66 0.67 0.33 0.33 0.33 0.16 Q.73 
. _J 

Ilkall 
eleillents 
and 

-~-adtus 
- htgh-

alene 
lelllents 

Cs 1.7 1.0 1.7 2.2 2.9 4.4 4.5 3.0 6.7 

jib 44 42.1 16.8 35.1 120.8 103.1 196.2 118.8 141.6 168.1 226 

Ba 422 290 146 170 700 540 1500 890 360 910 500 

i Ir 530 573.3 626.5 563.5 483.2 523.1 1263 .4 171.7 488.4 447.1 122 
j 0" 

3.6 0.77 7.3 ; - Th 1.1 12 21 14 2.4 12 

:l 0.56 0.33 0.42 2.8 2.1 5 3.7 1.5 2.8 -

100 55 55 120 77 190 350 310 64 130 
: 
i - Hf 3.1 2.5 2.1 4.2 2.6 9.1 6.2 1.8 1.5 ; I~b 6 2 3.9 15 15 22 32 20 21 

t I-
~. i j 

t -~ 

1'1 .... \ . 

i i 
il 
f~ 
~I 
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Tab1e ,2b P. 3 
t..lkaH 
~ts 
and 
~ge-
r3dius 
h!Qhly 

. cha:'zcd 

I~;:ents 289 
306 306 271 238 236 ,,197 207 216 190 168 

·K/Cs 1587 5H8 56". 13053 8385 8809 54-59 10181 4-769 

11Th 35/2 4-678 12396 3933 2026 184-5 1754- 12726 i663 

K/u 22937 15593 22726 10256 11580 1152 664-0 16075 1H2 

Ib/Sr 0.08 0.07 0.03 0.06 0.25 0.20 0.16 0.69 0.29 0.38 1.P5 

Rb/Cs 25 17 21 55 35 4-4- 26 4-7 25 

_a/Rb 9.6 6.9 8.7 4-.8 5.8 5.2 7.6 7.5 2.5 5.4- 2.5 

, r/Ba 1.25 1.97 , 4-.29 3.31 0.69 0.96 0.84- 0.19 1.35 0.49 0.24-

Ih/U 8.4- 3.3 1.8 2.6 5.7 4-.2 3.8 1.3 4.3 

: r/Ht' 18 22 57 18 73 38 50 36 . 21 

: ,I 
~are 

larth 
1 ellents ' 

. La 15 
.,_.01 

13 17 9.9 52 52 128 42 6.2 65 

Ie 330 25 15 22 98 58 270 80 16 160 

Pro 2.5 1~4 2.1 11 12 27 9.8 1.4 16 

-ld 
101 7.4- 5.5 6.3 34 36 87 27 4.1 4-9 

2.7 1.3 1~3 1.0 6.4- 6.7 14- 5.2 1.0 8.1 ell 

I: 
0.8 0.54- 0.51· 0.48' 1.7 1.6 3.9 0.81 . 0.33 1.6 

1.2 1.2 0.67 ¥.¥ 4-.5 '1/1 4-.7 0.89 4-.4-

Tb 0.4-1 0.16 0.16 0.08 0.54- 0.52 1.2 0,69 0.17 0.56 

Iy' 0.17 0.17 0.4-9 , 2.9 2.9 5.7 3.8 0.90 2.8 

Ho 0.15 0.15 0.12 0.49 0.59 0.94- 1.1 0.19 0.64 

t 0.39 0.38 0.24 1.2 1.4- 2.0 3.1 0.58 1.3 

Yb 1.2 0.28 0.25 0.24- ' 0.98 1.1 0.95 3.2 0.65 , 0.80 

_ REE 151.11 53 34- 4-4 214 187 553 181 32 310 

5.1 4.0 5.2 18 22 32 26 6.7 16 

le/Yb f4 
21.4- '12.8 20.0 26.7 H.9 54-.5 6.3 7.1 37.0 

lREE/ HREE 17 10 ' 22 ,17 16 22 ' 9.9 8.5 28 

'/Yb 46 28 4-1 57 47 135 13 9.5 8.81 

/Yb 4-.3 4-.8 2.8 6 4-.1 ' 14- 1.5 1.4- 5.5 

[u/Eu* 1.43 1.35 1.85 , 0.94- 0.92 0.95 0.54 1.15 0.81 
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Table 3: £nrlch~ent In Ce, Vb, K, Rb, Ba, and Sr upon partlJl meltlnq of eclogIte and a~phlbollte, 
and resultIng Ce~/YbN (N - chondrlt~ normalIzed) ratIos assumIng Theesprult dolerIte 
composItion and oceanic tholeiite composltlon*. Partition coefficients are from Schnetzler 
and Phlllipots (1970) and Phlllipots and .Schnet 7ler (1970). The calculations are described 
In the appendix. 
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Cet/Yb" CeN/Vb" 

Percent parth 1 Ce Yb (Thees prult (oceanl c 
melting enrichment end chment do 1 erlte) tho 1 ell tel 

(1) Eel 091 te-

1% 3.36 0.039 , ~3 86 

2% 3.28 0.039 41 83 

5% 3.07 0.041 38 76 

10% 2.77 0.043 32 6~ 

20% 2.31 0.048 3~ 48 

30% 1.99 0.054 18 36 

40% 1.74 0.062 H 28 

(2) ~mphlbollte*** 

1% 11.2 4.4 f.27 2.54 

5t 7.9 3.8 1.0~ 2.08 

10% 5.8 3.3 0.87 1.75 . 

20~ 3.B 2.6 0.73 1.46 

30% 2.8 2.2 ' 0.63 1.27 

* Theespreult dol erl te: CeN-10; YbN-10. Oceanl c thol ell te: CeN-S; YbN-10 

- Assuming 8'1:1 ratio between melted garnet and ~elted clinopyroxene. 

*** AssumIng a 1:3 ra~Io between melted amphibole and melted plagioclase. 

J....._ • . ..-... . .-... ... _ ;_ ._ . . ~.,;.:;,;: .... 

Table 3 p. 1 

Rb K Ba Sr 
enrichment 

31.8 35.9 28.7 10.3 

27.5 26.5 22.4 9.5 

11.9 17.5 13.5 7.5 

8.7 8.6 8.2 5.6 

~.7 ~. 7 ' 4.5 3.7 

3.2 3.2 3.1 2~8 

2.4 2.4 2.4 2.2 

7.24 2.06 3.25 0.56 

5.78 1.97 2.98 0.57 

4.61 1.88 2.70 0.58 

3.28 1.71 2.27 0.61 

2.53 1.51 1.96 0~64 
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Tab.1e 4: COlllparlsons between averalJe greywacke of the Fig Tree Group (CondIe et a1.. 1970) and rosslble 
source cOlllpos,tlons. 

/ 



' j Tab 1 e ~ p. l ' , . 

I Theesprutt ' AvsralJ8 of 3 ,'.veralJe Sheba A~(rage Belvue Rd. 
me'tado 1 erl te Helshoogte tona11tes formatIon greywacke formatIon greywack~ ' 

I SI.02 50 •• 69.1 65.2 58.5 

Tl02 ' 0.5 0.28 0.52 0.55 ' 

I ' A 12°3 15.20 15.5 10.02 12.9 

FeO (tota 1) 10.0 2.01 7.01 6.55 

I I'!gO 7.21 1.11 ~.50 ~.44 

CaO 8.13 3.13 1.97 3.18 
: 

I Na20 3.88 5.16 1.80 2.83 

K
2
0 0.07 1.10 1.58 2.23 

I 
FeD/FeD • MgO 0,59 O.5~ 0,61 0.50 

~, 129 15 290 160 

Rb 1.1 31.3 5. 90 

:1 Sa 18 202 319 826 
j I Sr 106.5 587 98 35~ 

I Zr 53 76.6 1Jt. 18. 

La 3,3 10 20 , 26 

' I Ce 8,3 20 ~5 55 

Nd 5 6.~ 18 22 
' I 

. ....J SCI 1,7 1,2 3,2 •• 1 

I Eu 0,7 0,52 0,81 1.0. 

-~ 
Gd 2.1 1.02 3.1 3,7 

Tb 0,.\3 0,13 0.45 0.52 

Dy 2,9 0.67 2.9 3.0 I -I Ho 0,67 O.H 0.60 0.62 

fr 2.0 0.3~ , 1.85 1.58 

:1 Vb 2.0 0.26 1.63 1.60 

REf 30 ~3 98 119 

I Rb/Sr 0,01 0.05 0.6~ 0.27 

K/Rb 528 29~ 216 20~ 

I 
Sr/Ba 5,9 3.19 0.33 0.56 
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Figure captions 

Fig. 1 - (a) Geological sketch map of the Barberton l'Iountain Lc.:."J (after 

AnhaeuBser et al., 1969; Anhaeusser, 1973), showing location ot 

granite samples studied. (b) Sample locality map for volcanic 

rocks studied. Location of the area is marked by the black rectangle 

Fig. 2 - An-Ab-Or data plots. Open circles - sericite schists; solid circles. 

quartz keratophyres; crosses - ancient tcnalites; oblique crosses -

Dalmein pluton; quartered circle - Bosmanskop pluton; circled 

oblique cross - Nelspruit migmatite; half-solid circles - Hood 

granite. The petrochemical classification is after O'Connor (1965). 

Fig. 3 - Q-Ab-Or data plots. Symbols as for Fig. 2. 

Fig. 4 - Enrichment and depletion relations in average and individual Archaean 

acid igneous rocks relative to the Theespruit dolerite composition 

(see Table 2). SS - sericite schists; QK - quartz keratophyres; 

KT - Kaap Valley tonalite; AT - ancient tonalites (Nelshoogte and 

Theesprui t plutons); DT - Dalmein trondhjemite; BG - Bosmanskop 

granite; NM - Nelspruit migmatite; HG - Hood granite; LG - Lochiel 

granite. 

Fig. 5 - Relations between FeO+MgO and FeO/(FeO+MgO) (total iron as FeO) 

in acid igneous rocks of the Barberton Mountain Land area (data from 

this paper and from Viljoen and Viljoen. 1969a,c,e). Solid circles­

quartz keratophyres; crosses - hornblende tonalites (Keap Valley 

pluton); biotite tonalites (including Nelshoogte pluton) - circled 

crosses; oblique crosses - Dalmein pluton; quartered circle -

Bosmanskop pluton; circled oblique cr,osses -Nelspruit migmatite; 

semi-solid circles- Hood granite. 



I'.:. 
I· 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

}.'ig. 6 Hi-V;g and cr-r.~g relat ions in the analyzed samples, cOlnpared 

with variation curves for calcalka.line suites of high NijJ.ig and . 

Cr/Mg ratios from Crater Lake (curve 1) and the Scottish Highlands 

(curve 2) (Hockolds and Allen, 1953). 

Fig. 7 - Relations bet\'1een ferromagnesian trace elements, PeO and EgO 

in the analyzed samples 

Fig. 8 - Chondrite-normalized rare earth element data for acid igneous 

~oclcs of the Barberton I':]ountain Land area. 
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