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The theory oehind the total ruck-methed.is that if
rediogenic Sr is lost from some of the mincrals, it ma;{’* re- N e _l
main close to them in the rock trapped in different mineral %
lattices or in crystal interspaces, and the whole rock satis-

#ieg the closed system requirements even though the consti-
tusnt minerals do not. However, cases have been recarded
where even the total rock samples have not remained olosed
systems (e.g., Lenrhere gt al, 1963).

The isochron method is applicable, as shown nefore for
the saparated minerals, i1f samples with a gufficiently wide
range of Rb/Sr ratios sre available, and better precision
i achieved if the voints are further apart. Samples with
a range of Rb/Sr composition can usually be obtained from
a guite of rooks of the same age, even though they have been
{sotopically homogenized,

The total rock method has not completely euperseded the
peparsted mineral one. The latter can ve used to investigate
the matemorphic history after the last conplete homogeniza-
tion of “he rook suite. If the rock has not undergone any
metamorphic event after homogenization, the mineral ages
will be concordant and wil. lie on the total rock isochren.
Howevar, if movement of radicgenioc Sr has taken vlace, the
mineral points will lie mbove or below the totel rock iso- )
chron depending on whether the mineral phase has gained or
lost radiogenic Sr. In this case mineral ages will be dise-
cordant if calcoulated sssuming the same initial ratio ac
the total rock eazuple. As it is usually impossible to deter-
mine how much radiogenic Sr & mineral has gained or lost, 4 |
mineral azes are then not significant, Blotite, howaver, is E B
an exsepiion veccuse 1t readily loses radiogenic Sr 7 and
under spscial conditions can lose it almost completely (Hart,
1964)., Under such conditions blotite ages, caloulated assu=-
ming as initial ratio the one detormined from total rock
; samyles, aro indicative of the possible time of motamorphism,
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CHOICE OF THE METHOD

In the present investigation the Rb - Sr method was chosen
for the followiag reasons.

The rocks studisd are very old and from the geological B v
deseriptions of the area it appears that a series of granite
intrugions snd probably different periods of granitization
have oocourred. In these conditions it can be expected that
the rocks have undergone e complex metamorphic history after
orystellisation; and that radiogenlc nuclides have diffused
out of their original crystals because of veriods of heating 7 b |
connected with younger intrusive phases. : '

Rb and Sr, being lithophile elements, readily aubsti-
sate for K or Ca in the crystalline latiices of the most
common rock-forming minerals, and therefore they are less
gsusceptible to diffusion or low temperature hydrothermal
pigration thew U, Pb and Ax over long distances. This sug-
gests that the Rb - Sr whole rock method has the best chance
of giving results unaffected by mete~orphism. Some informa- R |
tion on the metamorphic history of the area can be obtained
from the apparent mineral ages but those probably represent
maximum ages fco the last netamorphic episode.

From Rt - Sr studles it would theoretically ove pcssible
to show whether the Mpageni granite is derived from the same
gource rezion ag the Nelspruit granite if their relasive
ages, primary Srm/Sr86 ratios and Rb - Sr composition of
the two rocke were known accurately. Since obgerved diffe- ‘ A
rences in Sr87/3r86 primary values are usually small, greatl
precision is required in measuvrements used in this gonnection.

An additicnal zdvantage of the Rb - or method is that
it can give some information On whether the rocks studied
are of crussal or suberustal origin. Prom the work of
Tfurekian and Wedepohl (1961) it appears that Rb, K, Na and
tc some extent Al in the earth's rocks, inerease in concen-
tration as the 5i content rises. The or concentration also
inoreases with the Si but after a maximum in andesites and
diorites, drops rapidly in granodiorites and rocks with
higher 5i content. The U and FPb however, increase with Si
vota at the same rate. Therefore, while the Rb/Sr ratio
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4, THEORY OF ISOTOPE DILUTION TECHNIQUE

Isotope dilution was used to find the concentrationa of Rb
and Sr jsotopes in the rocks from isotopic ratios measured ,
with a mass spectrometer. This was performed by adding to }
the rock solution accurately known amounts of tracer (or
"gpike")that consists of a solution of known but unnatursl 8
isotopic composition. y?

In the case of Sr (see fig. 7) the concentration of é
ares was obtained by using a tracer composed mainly of sr%4. %é
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Strontium Spectra
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In natural Sr the ratio Sr84/Sr86 is known t0 be appro=-
ximately 1/20. If the ratio is altered by adding %o natural
Sr a known amount of spiko, the ccncentration Sr™ can easi-
ly be calculated as follows:

let r = ratio Sr84/s €6 45 the rock, constant in natural Sr.
8= Sr84/Sr86 in spike
m = meaavred Sr84/Sr86 in the mixture

Cr = concentration of Sr f in rock = unknown
Ce = concentration of Sr8° in spike = known
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Wr = weight of the rock sample
We = weight of the spike

then ‘the measured ratio would be:

r Cr Vir g Cs Vs

m = + (1)
Cr Wr Cs We
and thus:
Cr - Cs ‘!8 . S (2)
vy me2>r

The quantity Srir .2 =2 ywas defined as 2.

Cs Ws ne-rr

Jamieson & Schreiner (1356), have shown that the fractional

error in the measurement of Q depends on the value of m and
that for some value of m it has e minimum, The "error magni-
fication" is:

a/a (3)
af/f

in the case f = m, aquation (2) can be used to investigate
the "magnification” for errors in the measurement of s and
r. The limit of equation (3) for &f=--»0 is the multiplicant
of any error made in the measuremont of m. It will be:

Pm mr - ) (4)
(r - m)(m - 8)

Pfn has a minimum a%:

m° = re (5)
Plots of equation (4) for varying values of m were construc-
ted for ib and Sr. The curve representing the "ervor nagni-
fication" was in both cases nearly flat for a range of values
of m on either side of m = {¥8 (plate 1). When possible the
samples were spiked %o obtain values of m close to one. In
this way "error magnifioation"“(see plates 1 & 2) is small,
and in addition both instrumental errors (arising from the
non-linearity of the amplifier or the recorder) and errors
in measurings peak heiszhts on the chart, are minimized.
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The spike-to-sample proportions were calculated from
equation (2), substituting for Cr the value obtained from
X-ray work. lrom the spike-to-sample ratio actual weights
were selected s0 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 close to 1.

The ratio Sr87/Sr86 in the rock was calculated by sub-

stituting in equation (1) the values for Sr87/S:86

inm, 8
and r; and solving for r:

but:
Cr W

s Ws =~ Q

therefore:

87 /.86, WA | 8
SI‘ /SI‘ ,r"m\.& ‘T) it

4
o 88 /e 8(5 1
In the same way the ratio S5r "/Or in the rock was calcu-

lated.

In a solid source mass spectrometer, the process of
jonization is maes dependent; and, theoretically, measured
isotopic ratios may differ from true ratios. This process
is termed mass fractionation. Hurley & Faure (1963) have
shown that more constant resulis are obtained it mass frac-
ticnation corrections are made. The ratio SrBB/Sr86 in na-
taral atrontiumaigfggnetant and if a measured ratio differs
from this by the fraction &,the measured ratio Sr87/5r86.
ha.f the mass aegaraziqn of the :31*88/81-86 ratio should differ
from the true Srﬂ/':‘mab ratio Ly a/2, Mass fractionation al-
80 occurs between Sr84 and Srab' therefore the values of Q
used in the calculations of Srgé/b'r86 ratio should be correc-
ted. It can be easily seen that a correction of a few per
gent in Q would bring about nearly equal correcticn ind .

Using A one can correct Q and the corrected Q used to further
value

the uncorrected
rue value for our calou-

correci A and so on, approximating in each step the true
of A . However, A being only & few per cent,
value is sufficiently close to the U
lations.
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S50,
The value Sr- "Cr is also affected by mase fractionation

but no ocorrection was applied because it was not possible
to measure the & 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 Rb87/Sr86 value,

From fifty measurements on Sr samples it was found that
the average fractionation effect between Sra5 and Sr86 was
of the order of 1.4%. Only in four cases was i{ as high as
four per cent or more, with a maximum value of 4.8 per cent.
In a few cases tne concent.ation 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.
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CHAPTER II - THE GEOLOGICAL SETTING

INTRODUCTION

The Barberton Mountain Land is composed of onc of the
9ldest suites of sedimentary and voleanie rocks surrounded
by various bodies of sranitic rocks.

Attention was drawn to the geology of this area by the
discovery of gold mineralization in the second hulf of the
19th Century. A full account of the structures and strati-
graphy was published by Fall in 1918.

Following Hall's work wvery 1 /ttle wes published on the
g20logy of this area until the South i\f-ican Geological Sur-
vey started new investigations in 1937. The Survey's volume
on the Barberton Mountaln Land was published in 19%6.

Since then a new interest in the very complex geology
of the area has grown among South African scientists and
sevaral scientists from other countries, especially the
United States and Jritain, have had their attention drawn
to the Barherton Mountain Land because of its irtereating
geology. These rockes, veing so old, yield valuable informa-
tion as regards the early stages of evolution of the earth's
erust and the physical conditions of the planet at approxi-
mately one quarter of its present age.
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2. SIMPLIFIED DESCRIPTION OF THE GEOLOGY OF THE MOUNTAIN TAND
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The stratified rocks of the Swaziland System:

@

The old sedimentary rocks are zrouped under the name of

Sweziland System. This has been sub-divided in three series
go that the stratigrachic column is:

£ a T RS T L YO

VOATTRS ampToo
.-.!:.}\}. _;,Iax) \)...E\.L EO

- congliomerates, sandstones, shales ‘
SWAZILAND | unconformity

SYSTENM FIG TREE SERIES

'

shales and yraywackes
ONVERWACHT SERIES - acid lavas, basic lavas

BASEMENT ~ gneisses ?

granites 7

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 Nelspruit migmatite repre-
“ents, for the most part, the basement upon which all the
layered rocks of the Mountain Lanrd were deposited. Van Eeden
& Marshall (1965) however, are against this hypothesis and
propose instead tuat the Nelspruit rranite cderives from grani-
tizaticn of rocks of the Swaziland System up to the Mood: es
series, possibly down to sediments older than the Onverwncht,
and possibly even a granitic basement rock.

Onverwacht Series: Visser et al (1956) describe the Onver-
wacht rocks as a succession of basic lavas overlaid by a
succession of acid extrusives. The basic lavas are of ande-
8itic cumposition, fine grained in textv»a, but they can
vary t0 a dark green aphanitic variety. ow layers can still
be recognised in the less altered lavas mygdaloidal
varieties are also present, and in some L ~? specimens tiny |
gas8 vesinlez filled with pink calcite can b, observed. The B P
acid lavas are of rhyolitic composition and can be divided it <
into porphyritic varieties and dark, dense felsite.
Gribnitz et al (1961) have found dolomitic and arena-
ceous rocks, banded cherts and banded ironstones which are
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pre-Fig Tree in age, and they have proposed the existence
of an older sedimentary formation wauich they have named
OQorschot. They velieve that the rocks of the Onverwacht
are intrusive in the Oorschot series,

Anhaeusser & Viljoen {196%5) have proposed that these
rocks of the Oorschot should be included in the Onverwacht
together witk a good portion of the metamorphic rocks of
the aureole of the Nelspruit Granite which are classified
&8 Jamestown,

The inclusion in the Onverwacht of the sediments of the
Qorschot series and a large amount of the igneous rocks of
the Jamestown , makes this assemblagze virtually identical
to that belonging to the irnitial magmatic phase of a typi-
cal geosyncline (Roering, 1965).

Fig Tree Series: The Pig Tree series is composed mostly of
argillaceour sediments, but coarse, clastie sediments -
notably banu. of quartzite, grit conglomerate and beds of
graywackes - also ocour. At the top of the sequence there
are rocks that have been interpreted as acid lavas (Visser
ot al, 1956), or as rucks formed by tuffaceous and lava ma-
terials (Anhaeusser & Viljoen, 1965), or as graywacke slump
breccia (Ramsay, 1963).

Shales, banded cherts and banded ironstones are the
major rock constituents in the Fig Tree series and they are
80 closely banded that Visser et al (1956) did not make quan-
titative distinction between them in the field.

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

Moodies Series: The Moodies rocks rest uncomformably on older

rocks, and were considered by Visser et al (1956) as a sepa-
rate sys%tem from the Swaziland rocks. By the recovery of de-
formed Fig Tree pebbles in the Moodies conglomerates, they
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also suggested a period of deformation younger than the de-
positicu of the Moodies rocks,

The licodies, unlike th2 Fig Tree, are shallow water se-
diments and probably mark the late stage of the Swaziland
geosynclinal depoegition and for this reason they have been

ineluded in the Swaziland System. The Moodies series is
composed of coarse sediments: boulder beds, conglomerates,
sandstones and quartzites, alternating with bedes and lenses

of fineand very fine material: siltstones, shales and lo-
cally, ironstones and jaspers. Cross vedding and ripple marks
are common features in this type of sediment and mud cracks
are reported to occur in the fine grained rocks (Visser 2t al,
1956; Ramsay, 1963). The base of the Moodies is maiked by
8 conglomerate which contains asome granitic boulders and
pebbles of unknown origin.

The Intrusive Rocks:

The stratified rocks of the Swaziland System are surrounded
on all vides by granitic rocks. A féeature common t0 all the
granitic rocls 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 sranitizatior to
Karoo age.

The Swaziland granites situated on the south-eastern
#ide of the Barberton Mountain Land, have been studied ex-
tensively by Hunter (1957, 1961, 1965), who has introduced
three main divisions in the granitic rocks in relationship
to the orogeny of the Swaziland System:
= the pre-orogenic gneisgses (basement?)
= three synorogenic cycles of granite emplacement
= two postorogenic coycles.

A number of papers have been written on the granites
in the north, south and west of the Barberton Mountain Land
the more recent of which are: Visser et al (1956), Ramsay
(1963), Viljoen (1964), Anhaeusser (1964, 1966), Anhasusser
& Viljoen (1965), Van Beden & Marshall (1965), Engel (1966),
Roering (1967).

All these granitic rocks are believed to have intruded
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in post lioodies time. The Nelspruit granite and the Kesap Val-
ley granite (see map 2) have acted as controle of the deforma-
tion and structures can be traced along the contacts. These
plutons can probably be clagsified as synorogenic although
some authors (Anhaeusser & Viljoen, ..965) tentatively recog-
nize the Nelspruit granite as the basement of the stratified
series.

Younger intrusives like the Mpageni sranite, the Dalmein
and the Sa.isbury Kop granite are discordant to the gtrue-
tural trends and can be classified as postorogenic.

Roering (1967) has advanced the hypothesis that the
granitic rocks heve non-orogenic origin. They have been the
cause of the folding but are not intimately associated with
it. This implies &n independent process of granitic forma-
tion.

Engel ' (1966) bas pointed to continuous degassing of
the mantle as possible origin of the large quantities of
granitioc rocks. Thig mechanism of formation could be check-
od by itntopic 2tudies and will be disoussed at a later
stave.

Zhe Nelsprult Granite:

According to Van Eeden & larshall (196%5) "Nelspruit Granite"
i®s a "sack" name given to an assemblaz. of rocks derived
from the granitization of a largs number of different 1 Jcks
ranging from the Moodies Series to provably pre-Onverwacht
rocks. The Nelspruit granite therefore includes a number of
pheses ranging from "partly granitized rocks to mobilized
granitic material intrusive in ungranitized rocks", and it
has variable chemical composition. For this reason, only
the portion of Nelspruit granite insluded in the area covered
by the present investigation will be described in some deteil.
The area studied extends from the contact between the
Nelspruit granite and the metamorphie rocks of the Swaziland
System immediately north of the Consort Mine to the north-
east, including the Mpageni granite, and to the west, in-
cluding the Lowveld Crusher's Juarry situated about two miles
west of Nelspruit (see map 3). Thie area has not been mapped
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by the author but some traverses were performed for sample
eollecting and it hns been deseribed in part by Visser gt al,
(1956), Anhaeusser (1264) and Viljoen (1964) in their unpub-
lished M.Sc. theses, and in Information Circulars of the Eco-
nomic Geology Research Unit nos. 25 (1965) and 32 (19¢€6).
Frox field observations aud from the quoted descriptions it
appears that the portion of Nelspruit granite studied is a
migmatite as defined at the Symposium of Kigmatite Nomencla-
ture: (a) "composite, heterogeneous rocks, consisting of pre-
existing rock material and of granitic material,
subsequently intruded or originated in situ."
(Polankov)

(b) “megascopically composite rocks, that once consis-
ted of geochemically mobile and immobile (or less
mobile) parts" - (Dietrich, Menhert)

(International Geological Congress, Copenhagen, 1960).
Menhert (cf. op.cit.) designates as mobilization the increase
of geochemical mobility of rocks or portion of rocks beyona
the dimensions of the individual crystals, regerdless of the
state of aggregation of the rocks and “he mechanism of mi-
gration. This part of the Nelepruit granite will therefore

be referred to as the "Nelspruit migmatite".

Zho Nelspruit Migmatite:

The Nelspruit migmatite is a composite rock consisting of
alternate bands of more felsic and more mafis composition.

The more felsic bands are granitic in composition and vary
considerably in texture from place to place being granitioe,
porphyritic or aplitic. These represent the "granitic material"
of Polankov (ef.op.ecit.) or the "mobile part" of Dietrich

and Menbert (ef.op.cit). A common feature is the biotite en-
richment at the vorder of the felsic bands. This couid point
t0 & replacement origin of the felsic minerals and hac teen

interpreted as a "basic behind" (Read, 1956 p.353) or reatit. The

origin of granitiec material however, is a very controversial
point and is therefore left for more specialized studies.

The more mafic phases coatain more biotite iron minerals
and in places (close to contact with metasediments) hornblende.
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They represent the less mobile phase and probably derive from
pre-existing rocks,

The principal mineral constituents of the rock phases
descrited are oligoclase, K-felspar and quartz, together
with biotite-magnetite 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 bands =2re very numerous in riaces, giving the

vk (PRetegeaphs I~y
rock a characteristic etrived uppe rand%k In places, 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 AAT.

The grain size is very variable. In some places the rock
is fino grained and - more frequently - medium grained; in
other places it becomes coarse zrained. The migmatite has
undergone deformatioa and the "flow layers" are in places
contorted. The folding, as to be expected in this type of
rock (King 1963) is generally irregular 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.

Pegmatites are frequent and occur both parallel and at
an angle to the layering. The pegmatites encountered in the
present investigation can 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 contact and intrusive in the metamorphilc rocks,
adjacent to the migmatite, occur pegmatites that are rich

in muscovite and show a hisher Rb/Sr ratio.
The oririn of the Nelspruit mismatite has been discussed

in several papcrs besides the one already mentioned by Van

Eeden & Narshall (1965). fead (1956) proposed that the mig-
matite was caused by granitization of pelitic and more sili-~
ceous rocks. The ultrabasic rocks of the Jamestown schist
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