
I'he theory behind the total rcrek-Tnt̂ he4-̂ f:-J;Lak._,if__ 
radiogenic Sr is lost from some of the minoral.3, it may re­
main close to them in the rook trapped in different mineral 
lattices or in crystal interspaces, and the whole rod: satis­
fies the closed system requirements oven though the consti­
tuent minerals do not. However, cases have been recorded 
where even the total rock samples have not remained closed 
systems (e.g. Le’ hero ot al, 1963).

The isochron method is applicable, as shown ooforo for 
the separated minerals, if samples with a sufficiently wide 
range of Rb./Sr ratios are available, and better precision 
it? achieved if the joints are further apart. Samples with 
a range of Hb/Sr composition can usually bo obtained from 
a suite of rocks of the same ago, ovon though they have been
ieotopioally homogenized,

The total rock method has not completely superseded the 
separated mineral one. The latter can be used to investigate 
the mstamorphic history after the last complete homogeniza- 
tion Of the rook suite. If the rock has not undergone any 
metamorphic event after homogenization, the mineral a ;es 
will be concordant and wll- }io on the tota^ roc;' isochiv̂n. 
However, if movement of radiogenio 3r has taken place, the 
mineral points will lie above or below the total rock iso­
chron depending on whether the mineral phase has gained or 
lost radiogenic Sr. In this case mineral a~es will be dis­
cordant if calculated assuming the same initial ratio ar 
the total rook ejuuple. As it is usually impossible to deter­
mine how much radiogenic 2r a mineral has gained or lost, 
mineral a:es are then not significant. Biotite, however, is 
an exception because it roadily loses radiogenio or 1 and

• n» can lose it almost 0< ly (Hart,
1964). Under sue conditiono biotite a;ec, calculated assu­
ming as initial ratio the one determined from total rock 
Maples, arc indicative of the possible time of mctamorphism.



CHOICE OF THE METHOD

In the present investigation the Rb - Sr method v/as chosen 
for the following reasons.

The rocks studied are very old and from the geological 
descriptions of tne area it appears that a aeries of granite 
intrusions and probably different periods of granitization 
have occurred. In these conditions it can be expected that 
the rocks have undergone a complex metamorphic history after 
crystallisation; and that radiogenic nuclide3 have diffused 
out of their original crystals because of periods of heating
connected with younger intrusive phases.

Psb and Sr, being lithophiie elements, readily substi­
tute for K or Ca in the crystalline lattices of the most 
ooamon rock-forming minerals, and therefore they are less 
susceptible to diffusion or low temperature hydrothermal 
migration than U, Pb and Ar over long distances. This sug­
gests that the Rb - Sr whole rock method has the bo3t chance 
of giving results unaffected by mete-iorphism. Some informa­
tion on the metamorphic history of the area can be obtained 
from the apparent mineial a.;es but those probably represent 
maximum ages ft? the last metamorphic episode.

From ?b - Sr studies it would theoretically be possible 
to show whether the Mpageni granite is derived irom the same 
source region as the Nelspruit granite if their relative 
ages, primary Sr87/Sr ' ratios and Rb - Sr composition of 
the two rocks were known accurately. Since observod diffe­
rences in Sre7/Sr 6 primary values are usually email, great 
precision is required in measurements used in this connection.

An additional advantage Of the Rb - Sr method is that 
it can give some information on whether the rocks studied 
are of crus^al or subcrurital origin. iTOm t!.'-1 woik o.
Turekian and 7/edepohl (1961) it appear^ that lib, K, h-1 anci 
to some extent A1 in the earth's rocks, increase in concen­
tration as the Si content rises. The Sr ooncentiation also 
increases with the Si but after a maximum in andcsites 
diorites, drops rapidly in granodiorites and rocko with 
higher Si content. The U and Pb however, increase ’ ' 
botn at the same rate. Therefore, while the hb, oi ratio



increases trom about .1 in basalts to ’ 0 anrt <
tie rocks. the U/Pb ratio resins constat at about 
is an important property because it implies that the mor» 
basic rooks of the Upper i.'.antle have smaller Kb/Sr ratiol 
and therefore the growth of St'1 in respect to Sr86 is muoh 
Slower there than in the granitic oru.t. this has ai,o been 
suggested by the analysis of basalts that are thought to ’ 
have aubcrustal origin (Faure & Hurley, 1:63• Hedse & 7m -m, n  
1963: : ton, 1963, Jfiaii jt iq. i96j.’;a8t ot al 19® ’ 
Lessing * Oatanzarc, 1964). Heier, =o,pston ar.d : ~ a l l  
>19o.'I, ,:avo p.onad tho samples of doleriteo more likely 
to have subcrustai origin in a histograr, showing the frequen­
cy of occurrence of the initial ratios from several invest!- 
ga.iono. .his hiatograr shows that noat of the dolerites’
i?iti*fl71Jat668 faU betw0on *702 -V06 It 300*3 that 
the or /Sr - ratio for aubcrustal rocka, haa remained cloae
to .704 Aa pointed out by Hurley et_al (1963), and Faure 
g: Hurley .1953), the 'ifference in initial Src7/Sr36 ratioa 
between cruatal and aubcruatal rocka can be ueod as a cri­
terion to docide on the aource of the rocka studied.

Hurlty et_al .1963), have proposed, on the strength of 
Rb - Sr data, a model for continent formation by continual 
addition of mantle material to the crust and have pointed 
to the low Sr /Sr ratios of the rocka stuuied aa proof.

It would be of interest to study all the granites of 
tho 3arberton fountain Land froir the point of view of their 
initial ratios - and therefore their origin, since they are 
amon? the most anciont crustal rocks known.

A possible dioadvanlage of tho Rb - Sr method ia that 
tho half life 0f Rb 1 is not known very precisely. However, 
the relative ago of varioua formations atudied in indepen­
dent oi the half lif© and the data listed can easily bo ad­
justed if the value of the half life is more accurately 
known in whe future, and if it should differ from the value 
of 5.0 + 0.02 x 10J J years U3ed in this investi 'ation.



4. THEORY OF ISOTOPE DILUTION TECHNIQUE

Isotope dilution was used to find the concentrations of Rb 
and Sr Jsotopes in the rocka from isotopic ratios measured 
with a mass 3peccrometer. This wa3 performed by adding to 
the rock solution accurately known amounts of tracer (or 
" spike") that consists of a solution of known but unnatural 
isotopic composition.

In the case of Sr (see fig. 7) the concentration of
QC 84Hr was obtained by using a tracer composed mainly of Sr

Fig. 7
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In natural Sr the ratio Sr84/Sr86 ia known to be appro­
ximately 1/20. If the ratio ie altered by addins to natural 
Sr a known amount of spiko* the ocnoentrati on 3r can e-*ai 
ly be calculated as follows:

let r « ratio Sr8Vsr 36 in the rook, constant in natural
3 = Sr~Vsr in spike
m * measured Sr̂  Vsr0  ̂in the mixtui’e
Cr = concentration of Sr8  ̂in rock - unknown
Cs = concentration of Sr8° in spike - known



Wr = weight of the rock sample 
Ws « wei dit of tho spike

then the measured ratio would be:

r Cr V/r s Cs V/s m a -------4 ------- (1)
Cr Wr Cs Ws

and thus:
Cs WeCr *
7r

s - ia 
n - r

(2)

The quantity — — - * was defined a3 -}.
Co Ws n - r

Jamieson & Schroiner (1‘356 , have shown that the fractional 
error in the measurement of 3 depends on the value of m and 
that for some value of m it has a minimum. The "error magni­
fication" is:

A  VQ 
^ f/f

in the case Jf * m, equation (3) can bo used to investigate 
the '’magnification" for errors in the measurement of o and 
r. The lir.it Oi nation (3) for Ax— *0 is the nultivlicant 
of any e^ror made in the measurement oi m. It will *.■©•

Fn - r“(r ~ $ ----  U)
(r - m)(m - s)

Fm has a minimum at:

Plots of equation (4) for varying values of m were construc­
ted for ilb and Sr. The curve representing tho "error magni­
fication" was in both cases nearly flat tor a lango oi values 
of m on either 3ide of m = fra (plate 1 ). <Vhen p̂ o. lble tho 
samples were spiked to obtain values oi m clooc to one. In 
this way "orror magnification" (soo plates .1 *«-• 2) i- small, 
and in addition both instrumental errors (arii’in, iio..: the 
non-linearity of the amplifier or the reooidei it. 1 
in measuring peak heights on the chart, are rninii





The spika-to-sample proportions wore calculated from 
equation (2), substituting for Cr the value obtained from 
X-ray work. From the spike-to-sample ratio actual weights 
were selected so as to have samples not much bigger than

0.5 g to maximum about 1 g and spike weights not smaller 
than 0 . 3 g and preferably of the order of 1 g, keeping the 
value of m oloBe to 1.

0*7 Q c
The ratio Sr" /Sr^ in tne rock was calculated by aub-

O n  Q C
stituting in equation (1) the values for Sr /Si in m, 3 
and rj and solving for r:

therefore:
S r ® V s r ® ^ ) r  *  a ( l  ♦ -y) -  -y-

Qp QgIn the same way the ratio Sr^v/Sr' in the rock was calcu- 
?.ated.

In a solid source mass spectrometer, the process of 
ionization is maps dependent; and, theoretically, measured 
isotopic ratios may differ from true ratios. This process 
is termed mass fractiona^ion. Hurley & Faure (3 963) have 
shown that more constant results are obtained^it ^ass irac- 
tionation corrections are made, i'he ratio Sr / Sr in na­
tural strontium fsAconstant and if a measured ratio differs 
from this by the fraction A .the mea3ured ratio 3r /Sr , 
haxf the mass separation of the Sr'^/Sr" 1 ratio should differ 
from the true Srj7/Sr̂ ' ratio by a/2. Mass fractionation al­
so occurs between Sr^ and Sr , therefore the valueo ol Q 
used in the calculations of Sr8VSr%  ratio should be correc­
ted. It oan be easily seen that a correction of a few per 
cent In Q would bring about nearly oqual correction in 6 .
Using l\ one can correct Q and the corrected Q used to further 
correct £» and so on, approximating in each stop the trut value 
of A. . However, A being only a few per oent, the u.icoriected 
value is sufficiently close to the true value lor our calou 
lations.



The value Sr Cr is also affected by mass fractionation 
but no correction was applied because it was not possible 
to measure the A  in the case of Rb, and it was hoped that 
this value would be comparable with that of the Sr and that 
the omission of both fractionation corrections would not 
affect the Rb""Vsr"c value.

From fifty measurements on Sr samples it was found thatQC Q C
the average fractionation effect between Sr and Sr was 
of the order of 1.4 >. Only in four cases was it as high as 
four per cent or more, with a maximum value of 4.8 per cent. 
In a few cases the concentration of the isotope of heavier 
mass decreased during the run in respact to the lighter iso­
tope. In these case the fractionation was called negative 
and correction was applied in the opposite direction.

86



CHAPTER II - THE GEOLOGICAL SETTTtto

1. INTRODUCTION



2. SOU CUD DESCRIPTION Or , QGY OP THE MOUNTAIN LAND

The stratified rocks of the Swaziland System:
ihe old sedimentary rocks are grouped under the name of 
Swaziland System. This has been sub-divided in three series 
so that the atratigraphic column is:

SWAZILAND
SYSTEM

BASEMENT

MOODIES SERIES 
unconformity 
PI3 TREE SERIES 
ONVER',YACHT SERIES

- conglomerates, sand3tone3, shales

- shales and £;raywackes
- acid lavas, basic lavas
- gneisses ?

ranite3 ?

Basement: The basement on which the Swaziland rocks have 
been deposited is not exposed. It is, in general, believed 
to be of granitic nature. Anhaeusser & Viljoen (1965) are 
of the opinion that the typical Nelapruit migmatite repre­
sents, for the most part, the basement upon which all the 
layered rocks ol the Mountain Lard wore deposited. Van Eeden 
& Marshall (1965) howevor, are a.cainbt this hypothesis and 
propose instead tuat the Nelapruit r^anite derives from f.rani- 
tization of rocks of the Swaziland System up to the Mood: ?s 
series, possibly down to sediments older than the Onverwacht, 
and possibly even a granitic basement rock.
Q.nvonvacht orien: Yisser et al (1C?6) describe the Onver- 
wacht rocks as a succession of baaic lavaa overlaid by a 
succession of acid extruaives. ’ho basic lavas aro of ande- 
sitic composition, fine ;r lined in textu^, but they can 
vary to a dari ;reen aphanltic variety. ow layers can still 
be recjt<t-nised in .he le3i altered lavaa jnygdaloidal 
varieties are also present, and in some h 4 specimens tiny 
^as vesicles filled with pink calcite can b< observed. *’he 
acid lavas arc of rhyolitic composition and can be divided 
into porphyi’itic varieties a .id dar! , dense felsite.

Gribnitz el al (1961) have found dolomitic and arena­
ceous rock3, banded cherts uid banded ironstones which are



pre-Fig Tree in age, and they have proposed the existence 
of an older sedimentary formation wuich they have named 
Oorschot. They believe that the rocks of the Onverwaoht 
are intrusive in the Oorschot series.

Inha mssor ; m.locn (1965) have proposed that these
rocks of the Oorschot should be included in the Onverwacht
together with a ;ood portion of the metamorphic rocks of
the aureole of the Nelspruit Granite which are classified 
as Jamestown.

The inclusion in the Onverwacht of the sediments of the 
Oorschot series and a large amount of the igneous rocks of 
the Jamestown , makes thi3 assemblage virtually identical 
to that belonging to the initial ma-matic phase of a typi­
cal geosyncline (Roering, 1965).
---£..?rQg.JLg£j;e3; 'he Fig L'ree series is composed mostly of 
argillaceou' sediments, but coarse, clastic sediments - 
notably banu. of quartzite, rit conglomerate and bed3 of 
graywackes - also occur. At the top of the sequence there 
are rocks that have been interpreted a3 acid lavas (Visser 
GjL_al, 1956), or a3 rucks formed by tuffaceous and lava ma­
terials (Anhaeusser & 'iljoen, 1965), or as graywacks slump 
breccia (Ramsay, 1963).

Shales, banded cherts and banded ironstones are the 
ma,,or rock conotituents in the Fig Tree series and they are 
so closely banded that Visser et a.l (1956) did not make quan­
titative distinction between the: in the field.

Roering (1965) has interpreted the sedimentary struc­
tures as indicating that the jraywackes have been deposited 
in deep water by turbidity currents and are therefore simi­
lar to flysch 3odirnents, while the presence of chemical pre­
cipitates like cherts, jaspers and irorstones represents a 
period of calm sedimentation.

ftjoofllss Series; (’he T.loodieo rocks rest uncomformably on older 
rocks, and were considered by Vis3er et al (1956) as a sepa­
rate system from the Swaziland rocks. :3y the recovery of de­
formed Fig Tree pebbles in the Moodies conglomerates, they



also suggested a period of deformation younger than the de­
position of the Moodies rooks.

The L codie a, unliice tha Fig Tree, are shallow water se­
diments and probably mark the late stage of the Swaziland 
geosynclinal deposition and for this reason they have been 
included in the Swaziland System. The Moodies series is 
composed of coarse sediments: boulder beds, conglomerates, 
sandstones and quartzites, alternating with beds and lenses 
of fine and very fine material: siltstones, shales and lo­
cally, ii onstones and Jaspers. Cross bedding and ripple marks 
are common features in this type of sediment and mud cracks 
are reported to occur in the fine -rained rocks (Visser ot al. 
1956; Ramsay, 1963). The base of the Moodies is marked by 
a conglomerate which contains some granitic boulders and 
pebbles of unknown origin.

The Intrusive Rocks:
The stratified rocks of the Swaziland System are surrounded 
on all aides by granitic rocks. A feature common to all the 
granitic rochs is their intrusive contact with the Swazi­
land System. Other Intrusive rocks comprise the ultrabasic 
assemblage of the Jamestown complex and a multitude of basic 
dykes ranging in age from prior to the granitizatior to 
Karoo age.

The Swaziland granites situated on the south-eastern 
side of the Barberton Mountain Land, have been studied ex­
tensively by Hunter (1957, 1961, 1965), who has introduced 
three main divisions in the ;ranitic rocks in relationship 
to the orogeny of the Swaziland Syotem:
- the pre-orogenic gnoiscea (basement?)
- three synorogenic cycles of ;ranite emplacement
- two postoro,:enic cycles.

A number of papers havo been written on the granites 
in the north, south and west of the Barberton Mountain Land 
the more recont of which are: Vioeor et al (1956), Ramsay 
(1963 , Viljoen (1964), Anhaeu33er (1964, 1966), Anhaeusser 
& Viljoon (1965), Van Eeden & Marshall (1965). Engel (1966), 
Roering (1967).

All these granitic rocks are believed to have intruded



in post Hoodies time. The Nelspruit granite and the Kaap Val­
ley granite (see ma; 2) have acted as controls of the deforma­
tion and structures can be traced along the oontaots. These 
plutons can probably be classified as aynorogenic although 
some authors (Vnhaeusser & Viljoen, -.965) tentatively recoS- 
nize the Nelspruit jranite as the basement of tho stratified 
aerieB.

xounger intrusives like the Mpageni granite, the Dalmein 
and the Salisbury Kop ^anite are discordant to the struc­
tural trends and can bo classified a3 postorogenic.

Roaring (1967) has advanced the hypothesis that the 
granitic rocks have non-orogenio origin. They have been the 
cause of the folding but are not intimately associated with 
it. This implies an independent process of ;ranitic forma­
tion.

Engel (1966) has pointed to continuous degassing of 
the mantle as possible origin of the large quantities of 
granitic rocka. Ihia mechanism of formation could be check­
ed by i£'0t0pic studies and will bo disoussed at a later
StSL

The Neleorult Granite:
According to Van Eeden & Larohall (1965) "Nelspruit Granite** 
is a "sack” name given to an assGmbla.* of rock3 derived 
fron the granitl zatiori of a larga numbor of different rcck3 
ranging from tho ?/.oodies Series to probably pre-Onverwacht 
rocks. The Heist,ruit granite therefore inoludes a number of 
phaBee ranging from "partly granitized rocka to mobilized 
granitic material intrusive in ungranitized rocks", and it 
haa variable ohemical composition. For this reason, only 
the portion of Nelspruit granite included in the area covered 
by the preaent investigation will be described in some detail.

The area studied extenda from tho contact between the 
Nel'apruit granite and the metamorphie rooks of the Swaziland 
System immediately north of the Consort Wine to the north­
east, including tho Mpageni granite, and to the west, in­
cluding the Lowveld Crushers uarry situated about two miles 
west of Nelspruit (see map 3). This area has not been mapped



by the au-hor but Dome traverses were performed for sample 
collecting and it has been described in part by Viager et al. 
(1956), Anhaeuseer (1964) and Viljoen (1964) in their u^u'bl’ 
lished : .Sc. theses, and in Information Circulars of the Eco­
nomic Geology Research Unit nos. 25 (1965) and 32 (1966).
Prom field observations and from the quoted descriptions it 
appears that the portion of Kelsprui.t granite studied is a 
migmatite as defined at the Jymposium of Migmatite Nomencla­
ture: (a) composite, heterogeneous rocks, consisting of pre­

existin ' rock material and of granitic material, 
subsequently intruded or originated in situ." 
(Polankov)

(b> "merascopically composite rocks, that once consis­
ted o: geochemically mobile and immobile (or less 
mobile) parts" - (Dietrich, Menhert)

(International leological Congress, Copenhagen, I960),
Menhert (cf. op.cit. dori --.'nates as mobilization the increase 
of .xeochen.ical mobility oi ruci.s or portion of rocks beyona 
the dimensions of the individual crystals, regardless of the 
state of a.* :re cation oi the rocks and -he mechanism of mi­
gration. : Lo :'t oi the Nelspruit granite will therefore 
be referred to as the "lielspruit Bi0 n

-ho Nelapruit 1,apatite:
The Nelepruit m i matito is a composite rock consisting of 
alternate bands of m< ic av fia composition.
The more felsic bands ire ,,.\uri:ic in composition and vary 
considerably in c>.r.ure 1 : ... place to place eing , ;ranitic, 
porphyritic or n "I i ic. .'hoso represent the "granitic material" 
of Polankov (of.o; . cit..) or the "mobile part" of Dietrich 
and Meniiert c..on.cit). A co:.ijnon feature is the biotite en­
richment at the border of the felsic bands. This cou.id point 
to a replacement ori :in or the felsic minerals and hac teen 
interpreted an a ''basic behind" (Read, 1956 p.353 or reatit. The 
origin of ‘rustic : itorial however, is a very controversial 
point and is there Tore left for more specialised studies.

The more mafic phases co.itain more biotike iron minerals 
and in places (close to contact with metasediments) hornblende.



They represent the less mobile phase and probably derive from 
pre-existJ.n̂  rock3.

The principal mineral constituents of tho rook phases 
described ar > o.i :oclase, K-felspar and quartz, together 
with bioiite-ma gnetite and accessory zircon, sphene and apa­
tite etc. The percentage of the major constituents varies 
between the different bands or flow layers. Lenses and bands 
vary in thickness from a fraction of an inch to a few feet; 
thin felsic band* «re very numerous in places, giving the 
rock a characteristic striped up; ' 7 iaeeaf however,
the felsic components are predominant and the rock has the 
appearance of homogeneous granite, for example, an elongated 
irregular body of "homogenous granite" more than a hundred 
feet wide which was sampled about half a mile north of the 
main granite contact, north of the Consort Mine - sample AA7.

The grain size is very variable. In some places the rock 
is fine grained and - more frequently - medium grained; in 
other places it becomes coarse Trained. Tho migmatite has 
undergone deformation and the "flow layers” are in places 
contorted. Tne folding, as to be expected in this type of 
rock (King 196.3) is generally irre,jular and complicated but 
Visser et al (1956) have found that away from the contact 
the " low layers" trend at 55° - 60° east of north, roughly 
parallel to the strike of the major fold axis of the Mountain 
Land.

Pe#natites are frequent and occur both parallel and at 
an angle to tho layering. The pegmatites encountered in the 
present inveoti nation oan be divided roughly into two groups: 
the ones further away from the contact are composed mostly 
of microcline and quartz with small amounts of biotite; 
closer to the c mtact and intrusive in the metaroorphic rocks, 
adjaoent to the migmatite, occur pejraatitea that are rich 
in muscovite and show i higher Rb/3r ratio.

The ori *ln of tho Nelspruit mi snatite has boon discussed 
in several pap ra besides tho one already mentioned by Van 
Eeden & Marshall '1965). Read (1956) proposed that the mig­
matite was caused by granitization of pelitic and more sili- 
oeous rocks. The ultrabasic rocks of the Jamestown schist
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