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been followed in the naming of units. Thus, Formavion replaces Stage,
and Group replaces Series. Instead of the suggested designation “Super-
Group", to replace System, preference has been given 1o the term
Sequence.

(b) A Summary of Previous Work in the
Area North of Barberton

The earliest work in the Jamestown Schist Belt was that done
by Hall (1918) who regarded the area as the type-locality for his
Jamestown Series, a group uf rocks conesisting predominantly of besic
igneous rocks with both massive and schistose habit. In the belt from
Noordkaap westwards towards the Transvasal Escarpment bhe recorded four
distinctive rock varieties. In order of abundance these constituted :

(i) soft basic schists
(ii) massive magnesian rocks
(iii) hard siliceous rocks, and
(iv) later intrusions of dykes and excep*ionally of sills,

With the group of soft basic schists he included green horn-
blende schists, chlorite schists, and talc schists, as well as schistose
basic rocks containing both talec, carbonate, and chlorite. To Hall (1918)
the origin of these rocks was obscure but he considered some of them to be
the metamorphosed products of serpentinite.

Serpentinite occupied a major part of Hall's massive magnesian
group of rocks. These he found often cccurring within a succession o
soft basic schists and forming discontinucus, lenticular masses. Together
wit the group of massive, compact, igneous rocks Hall included many
occurrences of talc and amphibolite and he mentioned that "they very
closely resemble some of the basic varieties fourd in the Komati River
valley ..." He added that "the occasional development of an amygdaloidal
or vesicular structure strongly recalls a larger outcrop of similar rocks,
with that structure shown in a more pronounced manner, and found on the
south bank of the Komati River”.

Within the Jamestown Schist Belt, Hall alsc remarked or "hard
siliceous banded rocks", ~--- "banded calico rock" (banded chert), and
"hard compact, ilmost black, fissile, thinly bedded, slaty rocks or
siliceous slates”. These and "several bands of slaty quartiites and
other sedimentary rocks are found confcrmably alternating with basic
schists". Hall (1918) regarded the rocks of the Jamestown Series as
being intrusive into his Moodies Series, and occupying a position between
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the latter, and the granite. The granite, in turn, was regarded as
intrusive into the Jamestown Series, resulting in thermal and dymamic
metamorphism of the basic rocks.

Van Eeden (1941) described basic rocks, consisting of
cserpentinite, talc-carbonate schists, talc schists, amphibole schists,
and mica-guartz schists, in the area between the Consort Mine and Louw's
Creek. He pointed out then, that such rocks cannot easily be distinguished
as having been derived from basic lavas or altered basic intrusive rocks.
From their field relationships he did, however, tentatively classify them
as altered basic and acid lavas of the Onverwacht - a view he did not
subscribe to later.

The Geological Survey (Visser, compiler, 1956) also reported
the widespread occurrences of serpentinite, amphibolite and basic schist
in the Jamestown Belt and areas to the east. They regarded the rocks in
the area as forming part of the basic phase of the Jamestown Plutonic
Complex, comprising "a group of differ:ntiated basic rocks, diabase and
gabbro, which grade into amphibolite, blue serpentinite, green serpentinite
and a variety of basic schists". The sedimentary rocks occurring
conformably with the basic schists, referred to by Hall (1918), were
regarded by the Geological Survey (Visser, compiler, 1956) as part of the
Fig Tree Series that had been intruded by the Jamestown basic rocks. In
addition tc these sedimentary "remnants” of a once more extensively
developed Fig Tree Series, small isclated patches of Onverwacht rocks are
shown on the GCeological Survey map and were regarded as xenoliths
preserved in the Jarestown basic rocks. It was stated that "from the
position occupied by these rocks it is evident that they have been
subjected first to contact metamorphism during the intrusion of the
Jamestown Complex and later, during the Barberton orogeny and intrusion
of the Nelspruit Granite, to dynamic and pneumatolytic metamorphism".

The Nelspruit Granite to the north of the Jamestown Schist
Belt was regarded as intrusive into the schists. It was reported that
"+his intrusive relationship may be well seen on Lot 140 and Riverside
489 (now Riverside 245 JU), south of the Kaffir Creek Talc mines, where
several narrow off-shoots from the Granite project into the basic rocks".

Hall (1918) first described the horiblende granite of the Kaap
Valley and distinguished it from the Nelspruit Granite. He considered
that the Kaap Valley Granite had attained its more basic character due
to assimilation of basic Jamestown rocks, yet he regarded both granites
as being of the same age. The Geological Survey (Visser, compiler, 1956)
noted that the Xaap Valley Granite was everywhere surrounded by basic
rocks and always displayed sharp contacts with tbe schists. They thus
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considered that the Kaap Valley Cranite, together with the suite of older
basic rocks, constituted the Jamestown Igneous Complex and, as mentioned
previously, they held the view that this granodiorite was '"related to the
basic phase of the Jamestown Complex in the same way as the Bushveld
Granite is related to the basic rocks of the Bushveld Complex".

The low grade of metamorphism has been commented on by Hall
(1918), who compared the metamorphic aureole of the Bushveld Complex with
that of the "Older Granite” in contact with the Barberton Mountain Land.
He noted that "on the whole, the metamorphism due to the Bushveld Complex
is much greater than that due to the Older Cranite ....'" Hall attempted
to explain the low-grade metamorphic phenomena as being due to a buffering
effect provided by the intarvention of the Jamestown Series rocks, and
the generally unsuitable composition of the Barberton rocks. The Geologi-
cal Survey (Visser, compiler, 1956) recognized the effects of dynamic and
thermal metamorphism but considered regional metamorphism to be absent in
the area.

Metamorphism due to the Kaap Valley Grarite has been noted by
most writers to be inexplicably absent, and all are unanimously agreed
that the intrusion of the Nelspruit Grcuite caused by far the greatest,
if not all the metamorphism in the area. Metamorphic minerals were noted
by Hall (1918), and Visser (compiler, 1956) in the area under discussion,
but no attempt was ever made to define metamorphic zones or sub-facies
according to the appearance of specific index minerals. The first attempts
to systematically examine the metamorphism in the Barberton area were those
of Anhaeusser (1964), Viljoen (1564), and Anhaeusser and Viljoen (1965) who
investigated the contact belit between the New Consort Gold Mine ard Louw's
Creek. These authors ' considered that the rocks in the contact zone had
svifered thermal metamorphism caused by the intrusion of a mobilized
warginal phase of the Nelspruit Granite and they subdivided the area into
three facies of contact metamorphism. Progressively further away from
the granite contact the successive facies listed were :

(i) a hornblende - hornfels facies,
(ii) an albite-epidote-horrfels facies, and

(iii) a greenschist facies.

(¢) Structure of the Barberton Mountain Land

On the conclusion of the first systematic and comprehensive study
of the geology of the Barberton Mountain Land, Hall (1918) concluded that
the complex structure of the area could be attributed to the intrusion of

the various granites.
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Van Eeden (1941), from a detailed structural investigation of
the Sheba Hills area, contended that the forces which produced the folds
in the Mountain Land were from the south-southeast, and that the region,
in general, had been affected by only one period of deformation. The
style of the folding in the northwestern part of the Mountain Land was
considered tc be largely influenced by the Kaap Valley Granite, a
granite that van Eeden (1941) considered intrusive into both the James-
town Complex and the Swaziland System. He further ascribed complications
in the fold pattern in the north to the presence of the Kaap Valley
pluton, which he maintained was, at the time of deformation, an already
crystallized mass. This he added, had acted as a solid buttress against
which the less competent and bedded rocks were compressed and deformed
by the major deforming stress from the southeast, where a granite,
presumably of Nelspruit age, had intruded on the Swaziland side of the
Mountain Land.

Hearn (1943) envisaged the folding as having been caused by
the compression of the supracrustal rocks between the Nelspruit Granite
in the north, and the Swaziland Granite in the south.

The Geological Survey (Visser, compiler, 1956) recognized
numerous major fold and fault structures in the Barberton Mountain Land
and demonstrated that, in general, the rocks had been folded along axes
trending roughly east-northeast, west-southwest. The conclusion was
drawn that a relationship existed "between the Barberton crogeny and the
intrusion of the Nelspruit Granite". The Geological Survey (Visser,
compiler, 1956) discussed the view that prior to the deformation of the
Moodies System the Fig Tree Series had, in part, suffered folding. As
evidence for this they cited that pebbles of contorted chert and iron-
stone had been found in the Moodies basal conglomerate.

Hunter (1961) suggested the following sequence of events for
the Precambrian of Swaziland :
(i) geosynclinal phase : deposition of Swaziland System.
(ii) initial magmatic phase : Jamestown Complex.
(iii) regional metamorphism.

(iv) main orogenic pulsation : migmatization and
granitization.

(v) inter-tectonic sedimentation and volcanism : Insuzi
and Mozaan Series.

(vi) second orogenic phase : widespread intrusion of G4 Granite.

(vii) post-orogenic phase : G5 Granite plutons.
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Ramsay (1963A), after carrying out a struetural investigation
in the Barberton belt, maintained that some areas within the Mountain
Land had been subjected to several phases of deformation. His mapping
in the areas northeast of Barberton led him to conclude that three
deformations had occurred in the area, the effects of which he summarized
as follows :

Deformation 1

This led to the development of a series of major and minor
folds (F1), the traces of which probably trended NE-SW, or NNE-SSW.

Deformation 2

(i) Further compression, with the principal regional
compressive strain orientated north-northwest, led
to the formation of a slaty cleavage and schistosity
which was superimposed across the Fl1 folds.

{(ii) Only locally were new folds (F2) developed.

(iii) Low-grade regional metamorphism was associated with
this deformation.

(iv) The Nelspruit Granite was intruded, thermally
metamorphosing the adjacent strata.

(v) The main period of gold mineralization was probably
late during the deformation.

Deformation 3

(i) This led to the folding of the slaty cleavage and
schistosity by large- and small-scale felds (F3)
in the north of the region.

(ii) The formation of the great arcuate structure of the
first folds and of the slaty cleavage was possibly
contemporaneous with the folding of the cleavage
gseen in the north of the area.

(iii) The development of conjugate folds and faults may
have been synchronous with the formation c¢f the
arcuate structure (ii), but they may post-date it
and be related to a fourth period of deformation.

Many of Ramsay's observations and conclusions were confirmed
by later workers in the area north of Barberton (Anhaeusser, 1964;
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Viljoen, 1964; van Vuuren, 1964) but these investigators considered it
necessary to include the conjugate and crenulation folds inte a 4th

phase of deformation. Van Vuuren (1964) went a stage further and
suggested a later, east-northeast trend of folding in the Ulundi Syncline.

Following Ramsay's work in the northern area, the structure of
various other segments of the Barberton belt were examined (Herget, 1363;
Poole, 1964; Cooke, 1965; Urie, 1965). The conclusions reached from the
synthesis of this information formed the topic of a paper by Roering (196S).
In this report, Roering suggested that the main gold-producing area of the
Barberton Mountain Land (i.e. the area between Louw's Creek in the east,
Barberton in the centre and Montrose in the southwest) had been subjected
to six deformation phases. These were listed as :

(i) an Early Trend : possibly a pre-Moodies orogeny.

(ii) a Main Phase Deformation : the main ENE fold trend
embracing both the Fl1 and F2 of Ramsay (1963A).

(iii) the Montrose Trend : N-S to NNW trending structures
(possibly part of Ramsay's F3 deformation).

(iv) the Consort Trend : a strong NW trend equivalent to
Ramsay's F3 deformation.

(v) a Late Ulundi Trend : a superimposed ENE trend, and
(vi) Flat Folds : a late deformation associated with
conjugate and crenulation folds.

{(d) Granites on the Northwest Flank of
the Barberton Belt

As mentioned previously, Hall (1918) first described and
distinguished a massive hornblende granite, which he referred to as the De
Kaap Type or De Kaap Valley Type, and a gneissose, biotite granite,
which he called the Nelspruit Type. Van Eeden (1941) later recognized
three granites in the area :

(i) the Kaap Valley Granite
(ii) the Nelspruit Granite, and
(iii) the M'pageni Granite.
The Kaap Valley Granite was regarded by van Eeden (1941) as
the oldest granite in the area, and one which was responsible for the

marked change in strike of the various layered rocks surrounding it. He
regarded it as having acted as a solid body during the orogeny which

B—
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deformed the Swaziland System. Contrary to Hall (1918), who regarded
the Kaap Valley Granite as a variant of the more widespread Nelspruit
Granite, van Eeden (1941) held the view that the latter granite had
intruded contemporaneously with the Barberton orogeny and was therefore
something quite separate.

The third granite, which van Eeden called the M'pageni Granite,
was found to occupy only a small area between Nelspruit and Kaapmuiden.
The coarse, pale reddish granite, best developed in the area of the
trigonometrical beacon M'pageni (3,894 feet), forms large boulder-like
outcrops that are clearly distinguishable from the surrounding finer
grained, greyish, gneissose Nelspruit Granite.

Later workers in the area considered the Kaap Valley Granite
to be a younger granite than the Nelspruit Granite (Hearn, 1943; Read,
1957; Ramsay, 1963A; Viljoen, 1964; Cooke, 1965; Roering, 1965 and the
yriter, Anhaeusser, 1966A).

The Geological Survey (Visser, compiler, 1956) regarded the
Nelspruit Granite as being "representative of the typical Archean Granite
of the Lowveld of the Eastern Transvaal'”. They considered, furthermore,
that "the Nelspruit Granite has not consolidated from a normally, primary
granitic magma but represents a product or a series of products of a
process or processes generally known as granitization". Intrusive
relationships between the Nelspruit Granite and the rocks of the Swaziland
System were shown to exist and it was made apparent that various phases
of the granite exist, ranging from a "shallow marginal phase (hood-phase),
which is gneissose and which contains frequent foreign inclusions close
to the contact", ---- "to the deeper phase (core-phase), which is massive,
exhibits almost no flow-structures, and bears no trace of the original

intruded rock'.

Read (1957) suggested that the Nelspruit gneiss had resulted
from the migmatization of semipelitic and more silicesus rocks and that
the large number of basic inclusions found in the granite terrain
represented relics of basic resisters. Read, furthermore, suggested that
the negligible degree of metamorphism displayed in the Barberton rocks
was due to the helt of basic rocks everywhere surrounding the greenstone
belt and which acted as a basic resister, shielding the supracrustal rocks

from granitization.

Ramsay (1963A) also noted that both the Kaap Valley Granite and
the Nelspruit Granite had intruded the Swaziland successions. He posed
the question whether or not all the granitic material surrounding the
Barberton belt could be regarded as post-dating the deposition of the
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sediments. He also queried the composition of the pre-Swaziland basement
and suggested that much of the complexity of granites and gneisses
surrounding the Barberton belt formed a fundamental basement ccmplex on
which the volcanic and sedimentary rocks were deposited. Anhaeusser
(1964) and Viljoen (196u4) mapping the contact belt between Louw's Creek
and Consort Mine found they could distinguish two characteristic types

of granite in the Nelspruit terrain of the Krokodilpoort Range. The
first consisted uof a migmatitic or gneissic type, and the second a
homogeneous intrusive granite, confined in its occurrence mainly to the
immediate contact zone with the supracrustal rocks. The intrusive
granites could further be subdivided into foliated granites, pegmatites,
and aplites. These writers also suggested that some of the migmatitic
and gneissic Nelspruit terrain might well represent an original floor for
the Swaziland System rocks.

(e) Granites from Other Areas of the
Barberton Mountain Land

van Eeden and Marshall (1965) have recently recognized a fourth
granite-type near Hectorspruit in the northeastern part of the Barberton
greenstone belt, which they have named the Salisbury Kop granite. The
rock was described as a fine- to medium-grained, pinkish-coloured granite,
containing a high-percentage of quartz, often a milky opalescent variety.
The homogeneous, massive granite they stated displays no foliation and
is porphyritic in places. No contact o: this granite with the Nelspruit
Granite to the north is evident because of poor exposure. The Salisbury
Kop granite is, nevertheless, intruded into the older sediments and
echists of the Swaziland System. There appears to be some confusion in
these authors' minds as to the geological history of this granite because,
on the one hand, they regard it as being intrusive into Swaziland System
rocks, while elsewhere they mention that "this granite may be the oldest
granite" ---- "and that the Swaziland System was deposited on it". The
intrusive relationships and gradational contacts were explained as being
due to mobilization and metamorphism.

In Swaziland, Hunter (1953) first published a new classification
of the various granites and gneisses in the territory. The former six-
fold division was later changed (Hunter, compiler, 1961), the primary
characters of which are set out below :

(i) Gl granite : consisting essentially of two varieties;
the first being a migmatitic, coarse-grained, crudely
foliated, dark-coloured granite and the second,
comprising homogeneous, coarse porphyritic granite,
generally pale in colour.
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(ii) G3 granite : foliated, dark greenish-black granite with
felspar porphyroblasts.

(iii) GY granite : normally a coarse-grained, grey granite
but locally porphyritic or foliated and commonly
containing pegmatites.

{iv) Gu4/5 granite : very coarsely porphyritic granite,
grading to coarse-grained, with no pegmatites in the
coarser portions.

(v) GS granite : a coarse porphyritic granite devoid of
pegmatites but occurring in clearly defined plutons.

A later, more detailed, study of the various granitic rocks of
Swaziland led to Hunter (1965) proposing a new geotectonic approach to
the classification of the Swaziland granites. This briefly was modified
as follows :

(i) the Ancient Gneiss Complex : the earliest rocks in the
area, consisting of (a) basic intrusives and volcanics (?).
all altered to amphibolites, and (b) various gneisses
with meta-sedimentary relics.

(ii) a Granodiorite Cneiss Cyecle : synorogenic granodioritic
gneisses and hornblende granodiorite (formerly G3).

(iii) a Synorogenic Granite Cycle : consisting of a
differentiated series of granitic rocks ranging from
quartz-dioritic to leucocratic granodioritic in
composition (formerly Gl).

(iv) a Late-orogenic Granite Cycle : constituting (a) medium-
grained biotite granodiorite and leucocratic grano-
diorite (b) grey, medium- to coarse-grained granite
(formerly G4) and (c) pegmatites.

(v) an Older Post-orogenic Granite Cycle : constituting
cross-cutting plutons of medium-grained and coarse
grained porphyritic granite (formerly G4/5), and

(vi) a Younger Post-orogenic Granite Cycle : consisting of
sharply cross-cutting plutons of coarse-grained
porphyritic granite (formerly GS).

Although Hunter (1965) has advocated the new classification of

the Swaziland granites in terms of synorogenic, late-orogeric, and pos?—
orogenic, according to their position in, what he regards as an orogenic
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cycle, the G series of granite classification has become so entrenched
that constant reference is still being made to such granites as the G4
and G5 types.

A less rigorous breakdown of granites in South Africa by
Anhaeusser et al, (1967) .ed to the recognition of a number of distinct
granite-types, viz. the Kaap Valley, Nelspruit, Nelshoogte, M'pageni,
Salisbury Kop, and Dalmein granites. The basement migmatites and
gneisses were regarded as the cldest granitic rocks, followed by a
3,000 m.y. granitic episode superimposed on an already orogenically
deformed Swaziland Sequence. Diapiric granite bodies, such as the Kaap
Valley Granite, and the Nelshoogte Granite, were held responsible for
the structural disturbance of the supracrustal greenstone belt assemblages.
The youngest granites, such as M'pageni, Salisbury Kop, Dalmein, and the
G5 (or Post Orogenic Granite) of Swaziland were found to cut cleanly
across the trends of the supracrustal rocks and were not responsible f~
much structural disturbance in the invaded areas.

(f) Geochronology

The earliest published data relating to the isotopic ages of
rocks in the Barberton and surrounding areas was that of Allsopp et al,
(1962) who derived Rb-Sr ages for the Gl, G4 and G5 granites of Swazi-
land. The results obtained conformed with the stratigraphic classification
of these granites which was proposed by Hunter (compiler, 1961). Three
samples of G5 gave ages of 2,200 * 50 m.y., 2550 ¢ 50 m.y., and 2880 *

340 m.y. respectively, while 4 samples of G4 gave a mean of 3070 * 60 m.y.

Nicolaysen (1962), working in conjunction with H.R. Roberts,
A.J. Burger, and H.L. Alisopp, obtained ages of close to 2600.m.y. "which
refer to times of emplacement of post-Moodies migmatitic granites".

Very old lead-model ages, averaging 3460 m.y. are reported from
galena samples collected from several gold mines in the Barbefton area
(Ulpych et al, 1967) while U-Pb ages on Cu-Fe sulphides and zircons from
an acid lava horizon in the upper regions of the Onverwacht Gron yielded
ages of 3350 m.y. (van Niekerk and Burger, 1967). Recently an isochron
age of 2980 m.y. was obtained from Fig Tree sediments by means of the Rb-
Sr isochron technique applied to 11 shales and greywacke total-rock
samples (Allsopp et al, 1968). The same authors obtained values of
2500 m.y. for biotite-tremolite schists and acid lavas of the Onver-

wacht Group using the same Rb-Sr method.

By far the largest amount of geochronological data is availab%e
for the granitic and pegmatitic rocks of the Barberton Area. De Gasparis
(1967) reported an age of 2.99 * 0.07 b.y. for the Nelspruit migmatites
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and an age of 2.55 t 0,09 b.y. for the M'pageni Granite, both usin -
Rb-Sr total-rock method. An age of 3.10 E g.lo b.y. is recorded fgrt:he
Kaap Valley Granite by K/Ar on one biotite and one amphibole, the Rb/Sr
method being ineffective owing to unfavourable Rb/Sr ratios. “A
definite minimum age for the Swaziland System of 3.00 t 0,03 b.y. is
established by data on the Consort pegmatites and previous work on the
Nelspruit granites" (Allsopp et al, 1968). 1In this paper 11 pegmatite
samples consistently yielded ages ranging between 2.86 and 3.40 b.y.,
again using the Rb/Sr total-rock method. From the results the authors-
;ontended that the "most reliable" age for these rocks was 3,00 t 0.03
oFs

Many geochronological results pertaining to the Barberton area
are, as yet, unpublished. Van Niekerk (verbal communication 1968) reports
a preliminary age of approximately 4,000 m.y. for a granite pebble in the
basal conglomerate of the Moodies Group, while U-Th-Pb ages slightly in
excess of 3,200 m.y. are reported for the ¥aap Valley Granite by
Oosthuyzen (verbal communication, 1967). These workers and several others
are presently engiged on an extensive i;eochronological study of the
Archean terr=2in around Barberton.

(g) Mineralization

Once again, it was Hall (1918) who first attempted to describe
some of the gold deposits in the Barberton area, and to discuss their
distribution. He noted that most of the gold mines occurred within his
"Jamestown", or outer margin of his "Moodies Series" rocks, nearly alwaysa
in close proximity to the granites.

The geology and mineralogy of the Consort and Sheba Mines was
studied by Hearn (1943) and a general study of the mineralogy of the gold
ores from a few mines in the Barberton area was undertaken by de Villiers
(1957). Boardman (1950) compiled a report in which he gave his ideas on
the controls of mineralization in the area, illustrating his views with
examples from some of the mary mineralized occurrences in the belt. He
concluded that, apart from the stratigraphic control, the most decisive
factor for the establishment of a favourable ore-deposit was the control

of structure.

Gribnitz et al, (1961) considered that three main types of ore
bodies occurred in the Barberton Goldfield and these were listed as

follows :
(i) metasomatic replacement of foot and hanging wall rocks of

faults. In this type of ore-body sulphide and non-
metallic gangue replacement has occurred in brecciated
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and mylonitized zones. As examples of this type are
cited the Sheba, Consort, Fairview and Agnes Gold Mines.

(£i) gold/quartz vein deposits in which the mineralization is
finely distributed in white or black quartz veins in
cracks or fractures. Most ¢f the mines in the Barberton
area have mineralization of this type, and

(iii) pipe-like deposits formed by mineral stoping.

De Villiers (1957) recognized four main types of sulphide ore,
viz : ore containing,

(i) arsenopyrite and pyrrhotite
(ii) pyrite
(iii) 1lead
(iv) antimony.

He considered that the Barberton gold deposits formed during a single
metallogenic epoch and he believed they were geneticall: relatad to the
Nelspruit Granite. All the early workers in the Barb.. .n area were
unanimous in stating that the hydrothermal ore bearing solutions
derived originally from the "granites". Some investigators (van Eeden,
1941; Visser, compiler, 1956; and Ramsay, 1963A) considered the arrival
of the ore fluids to be broadly synchronous with the intrusion of the
Nelspruit Granite, while Hall (1918) suggested that both th: Nelspruit
and Kaap Valley Granites were the source of the mineralization. Hearn
(1943) and Gay (1964) on the other hand, believed that only the Kaap
Valley Granite was responsible for the mineralizing solutions.

Gribnitz et al, (1961) provided one of the few ¢'scussions as
to the relationsiips between various rock-types, faulting and minerali-
zation. It was recognized that the primary avenues for the hydrothermal
solutions, and also frequently the places of deposition, were the
regional strike faults, and the secondary fault systems associated wi?h
the primary systems. A zonal distribution of auriferous cres was claimed
by Gribnitz et al, (1961). It was maintained that arsenopyrite ores had
a focal point at the New Consort Mine, decreasing rapidly towards the
south and southwest. The arsenopyrite was followed by fine and then

coarse-grained pyritic ores.

Up to this stage no really exhaustive studies of the ?inerali-
zation of the area had been undertaken and most of the information
relating to the gold mines was confined to unpublished reports of the
mining companies operating in the area. Thereafter, members of the
Economic Geology Research Unit begen working on aspects of geology
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relating to the mineralization ir the area. A study of trace elements
associated with gold wa: undertaken by Gay (1963, 1964) who found that
the fineness values of gold samples collected throughout the Barberton
region show a regular distribution, with the highest values arvunu the
Consort, Sheba, and Agnes gold mines. He could, hcwever, find no
readily apparent zoning of the mineralization.

The geology and mineralogy of the Agnes and Lily gold mines
was studied by Poole (1964) and Anhaeusser (1964) respectively. The
investigations showed that structural influences were largely responsible
for the localization of the mineralization. Anhaeusser (1964, 1966B)
considered that some of the gold mineralization in the Lily Mine was of
supergene origin and it was suggested, furthermore, that the processes
of supergene enrichmert in the oxidized zone may have been respons.ble
for many of the small deposits found in the Barberton area.

Further work on the mineralogy of some of the ore-deposits in
the Barberton area was undertaken by the National Institute for Metallurgy
(Schweigart and Liebenberg, 1965) in an attempt to solve some of the
problems associated with the recovery of gold from refractory ores and
ores containing abundant graphite. The Iastitute is also presently
concerned with mineralogical studies relating to the presence of
nickeliferous minerals in the Barbertcn ultr:mafic acsemblages.

G. PRESENT INVESTIGATION

The initial work undertaken in the Barberton area by members of
the Economic Geology Research Unit required a follow up progcramme
necessitating further detailed structural mapping of the main mineralized
area of the greenstone belt. The earlier work of this type by Ramsay
(1963A), Anhaeusser (1964), Viljoen (1964), van Vuuren (1964) and Poole
(1964) proved to be sufficiently rewarding that it was decided to continue
the research in the area for two main purposes. One was to determine the
stratigraphic, structural and chemical controls affecting the distribution
of gold mineralization in the hope that the data obtained ?ould be of
assistance to the local mining companies in their prospecting for.further
individual reefs and mineralized localities. The other was to gain an
insight into the nature of a possible equivalent of the source of the

Witwatersrand gold.

During the course of the investigation i: the B?rberton area
the writer considered that it would be useful to have available a )
bibliography of geological literature pertaining to the area. For this
reason a comprehensive bibliography w.s prepared of publications dealing
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with all aspects of the geology of the Barberton Mountain Land and
immediately adjacent areas, including Swaziland. The bibliography, to
be published shortly, has approximately 500 references to geological
aspects of the area. These have heen arranged both alphabetically and
chroneclogically.

A further undertaking carried out by the writer, was the
compilation, from all known sources of information in South Africa, of
the gold and silver production figures, for the period 1884 to 1967, of
all the gold mines in the Barberton Mountain Land. both in the Transvaal
and in Swaziland. An attempt was also made to try and locate in the
field, all the mines to which reference was made in old publications. A
comprehensive account of this information is alsc intended for publication
shortly but som~ of the findings have been inciudei in a section of the
present thesis.

The mapping programme entailed an investigation o' the areas
to the north of Barberton, where most of the mining had, and still is,
taking place. Thus the Eureka Syncline and the eastern part of the
Jamestown Schist Belt were mapped on a scale of approximately 1:6,000
using aerial photographs. Detailed structural investigations involved
tne recording of many hundreds of measurements of minor structural
features such as fold axial traces, plunge directions of folds and
lineatione, attitudes of fold axial planes, conjugate fold axes and axial
planes. Measurements were also taken of cleavage, schistosity, and fol-
fation. From the data a structural synthesis of the northwestern flank
»f the Barberton Mountain Land has been attempted.

The stratigraphic mapping entailed a comprehensive petrological
study of approximately 700 thin sections of a great variety of volcanic,.
sedimentary, and igneous rock-types. A structural and metamorphic anelysxs
of the northwestern flank of the Barberton belt also form part of this

thesis.

Major element chemical analyses (1 specimens collected by the
writer were made possible through the co-operation of thg South African
Geological Survey, in conjunction with the National In§t1tute for )
Metallurgy. Partial analyses of Al-rich siliceou§ sch1§t§ were c?frled
out by chemists of Anglo Transvaal Consclidated Mines Limited, while the
nickel contents of ultramafic end mafic rocks from the arez weres
determined by the Nat® ,nal Institute for Metallurgy.

The writer was responsible for the partial analyses (K20 and‘
Na30) of a wide variety of rock-types, particularly the different granites
and porphyry bodies found north of Barberton. Apart from modal analyses
of rocks, other laboratory work entailed a grain count analysis of
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granitic rocks stained in order that the relative percentages of soda
and potash felspar might be determined.

Reconnaissance mapping was carried out over a wide area to the
porth of Barberton and included an examination of the granitic rocks
surrounding the northern portions of the greenstone belt. In additiom,
aumerous field trips were undertaken into practically all parts of the
Mountain Land in order to gain a more comprehensive understanding of
the many and varied aspects relating to the geology of the Barberton
greenstone belt as a whole.
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CHAPTER 2

GENERAL GEQOLOGY OF THE BARBERTON MOUNTAIN LAND

A. GEOTECTONIC SETTING OF THE
B! MOUNTAIN

The Barberton Mountain Land, comprising an exceptionally well-
developed and well-preserved remnant of an early.Precambr‘ " greenstone
belt, is situated on the Kaapvaal Craton, which in turn, - - part of
*he African sub-continental shield area (Anhaeusser et a{, Jhd : see
Figure 1, page 36). The cratonic areas of the sub-contirent, viz. the
Rhodesian Craton and the Kaapvaal Craton are surrounded by younger,
linear, hign-grade metamorphic mobile belts, such as the Limpopo belt,

the Zambezi belt, the Mozambique belt and others.
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In the text, the term "greenstone belt" is used to describe
the distinctive meta-volcanic and sedimentary assemblages which occur as
scattered remnants on the cratons, forming an essential part of the latter.
The most definitive aspect of these belts are the '‘greenstones" (meta-
basalts and andesites), the distinctive, generally complex structure, and
the low grade of metamorphism. The greenstone belts are incorporated
into the cratons which here are defined as stable nucleii within the shield
areas, consisting of complex granitic terrain and which form composite,
well-Jefined entities, that have been unaffected by any major tectono-
thermal events for the last 2,400 m.yrs. The term "shield" is used to
describe a continental or sub-continental area of crystalline rocks of
P-ecambrian age.

B.  DESCRIPTIVE STRATIGRAPHY OF THE
BARBERTON MOUNTAIN LAND

(a) Introduction

Geologically the Barberton greenstone belt is underlain by a
variety of rock-typess collectively grouped as belonging to the Swaziland
Sequence. The Onverwacht Group forms the oldest phase, and consists
mainly of ultramafic, mafic, and acid rocks, together with a great
variety of pyroclasts and siliceous sediments. The assemblage is
essentially volcanic in origin, and has suffered considerable alteration
in places, producing a variety of mafic and siliceous schists. The rocks
in the Group constitute the initial magmatic or volcanic assemblage of
the Swaziland Sequence. The Fig Tree Group, which is essentially a
sedimentary succession, overlies the Onverwacht rocks, and consists mainly
of fine-grained shales, grits, greywackes, banded cherts and banded iron-
stones. Some lava horizons may also be developed in places. Finally,
the Moodies Group overlies the Fig Tree strata unconformably in places,
and is made up of conglomerates, quartzites, shales, and a few bands of

magnetic jaspilite and lava.

Anhaeusser et al, (1967) at first considered that the Onver-
wacht Group constituted the initial magmatic, or ophiolite, assemblage
of the "Swaziland geosyncline", with the Fig Tree Group sediments dis-
playing characteristics typical of the flysch sequence of geosynclines
and the Moodies Group displaying characteristics of a molasse sequence
of gecsynclines. Although it was considered that the early Precambrian
rocks of the Barberton Mountain Land had many similarities to the
classical concept of geosynclines, the many inconsistencies posed several
problems and it is intended, later in this thesis, to outline the
currently held views on some aspects of early Precambrian shield geology
and greenstone belts in particular. Anhaeusser et al, (1968) made known
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their views when they stated that "Alpine geology tas influenced thinking
on the Precambrian for many years, and the concepts of geosynclines,
orogeny, and all that these imply, in terms of mountain-building, deep
burial, regional metamorphism, granitization, and igneous intrusion, have
been applied to the Precambrian in an effort to understand Precambrian
evolution". They added that "the results have not only been unconvincing,
but they have also ied to confusion in the many cases in which the facts
of Precambrian geology have not fitted theories based essentially on
Alpine geology'". These authors, furthermore, advocated that '"the use of
'geosyncline' in Precambrian geology is considered to be misleading in
most cases, especially when applied to mobile belts (tne "orogenic belts"
of Holmes, 1951), and also in respect of the early Precambrian ‘greenstone’
belts".

(b) The Onverwacht Group

(i) Introduction

Lying at the base of the Swaziland Sequence is an assemblage
of rocks comprising basic pillow lavas, ultramafites, and as: ciated
siliceous sediments. These rocks, collectively termed the Onverwacht
Group, are best ceveloped and preserved in the southwestern part of the
Mountain Land, where they attain a thickness in excess of 50,000 feet
(Viljoen and Viljoen, verbal communication, 1968). This essentially
voleanic assemblage can be traced right around the Mountain Land, and is
everywhere in contact with the various intrusive granites which surround
the er. lre area. Proceeding northwards, from the type-area in the south,
the succession thins rapidly, and also becomes more strorgly thermally
and dyn mically metamorphosed. This metamorphism has res lted in the
oblitera:ion of many of the diagnostic lava structures, s1ch as pillows
and amygdales, which are so well-developed in the soutt It has also led
to the previous grouping of these metamorphosed basic - .cks into the
Jamestown Igneous Complex (Visser, compiler, 1956), wrich was c'vsidergd
to repres-1t a post-Swaziland intrusive sequence of basic and ultrabasic
rocks. s pointed out above, however, it has been shown (Ann:eusser arl
Viljoen, 1965; Anhaeusser et al, 1966; and Viljoen and Viljoen, ;9?7,
that these metamorphosed rocks, consisting essentially of amphibolites,
and tale, talc-carbonate, and chlorite schists, are the equivalents of
the Onverwacht Group, as defined in the south, and together they
constitute the initial magmatic, or volcanic phase of the Swaziland

Sequence.
(ii) Stratigrapny

In the type-area, in the southwestern part of Fhe Mounta%n
Land, the Group has been divided into six formation (Viljoen and Viljoen,
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verbal communication, 1968). At the base is the Sandspruit Formation,
vhich attains a thickness of 7,000 feet, and consists predominantly of
ultramafic rocks with subordinate mafic horizons and a few minor inter-
layered sedimentary horizons. The formation is intruded by granites
resulting in the widespread occurvence of metamorphic ruck-types,
particularly antigorite, talc, talc-chlorite, tremolite, and actimolitic
hornblende schists.

The Theespruit Formation, which attains a thickness of 9,000
feet, consists of a sequence of metamorphosed mafic lavas with inter-
layered sillcecus sediments and salic tuffs, and occasional, thin,
carbonaceous chert horizons and bands and lenses of serpentinized ultra-
mafites. The main distinguishing feature of the sequence is the
occurrence of numercus siliceous sedimentary or salic tuffaceous horizons,
in the form of white, often friable, fine-grained, quartz-sericite rocks,
interlayered with the amphibolitized pillow lavas. Quartz and sericite
zre the main minerals in these rocks, but smaller amounts of andalusite,
staurolite, bictite, muscovite, and sodic felspar are also present. Nost
of these horizons are capped by thin, black, carbonaceous chert lands.

The associated lavas, which frequently contain signs of pillow structures
and amygdales, are dark green to black in colour, the main minerals being
actinolite, hornblende, grunerite, and cummingtonite, with smaller amounts
of quartz and sodic plagioclase. Chlorite and tremolite-actinolite are
more common farther away from the granite contact. Numercus, thin,
apparently interlayered, serpentinized ultramafic bodies are typica’ of
the lower part of the Formation. These are composed mainly of antigorite
and tremolite, with relict olivine crystals, and magnetite being fairly
common .

The Komati Formation, attains a thickness of 11,500 feet in the
type-ares, and comprises an alternating sequence of amphibolitized pillow
basalts and ultramafic bands, with the exclusion of any siliceous material.
The ultramafics predominate in the lower half of the Formation, and.a
striking feature is the sympathetic thinning of individual ultramafic and
pillow basalt horizons. The ultramafics are remarkably fresh-looking and
are usually dark blue to black in colour. They are, however, generally
serpentinized to a greater or lesser degree, although in many cases, only
partly serpentinized olivine crystals form a mesh. constituting much of
the rock. Besides antigorite, which is the main mineral, varying amounts
of tremolite, magnatite, clinopyroxene, and talc also occur. These rocks
probably represent altered durites. The main Tinera}s encountgred in the
altered basalts are tremolite-actinolite, cummingtonite, chlorite, quartz
and felspar. Important in the Komati Formation are numerous intrusive
bodies of quartz and felspar porphyry, which do not appear to be related
to the surrounding intrusive granites, and are thought to represent an
integral part of the Onverwacht succession.
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The Hooggenoeg Formation reaches a thickness of 15,000 feet in
the type-area, and consists of a sequence of pillow basalts with numerous
interlayered zones of andesitic to acid lavas, the latter often associated
with well-developed chert horizons. The Hooggenoeg succession comprises
a number of cycles, each commencing with a broad zone of andesitic to
basaltic pillow lavas. The latter are fellowed by thinner, intermediate
te acid lavas, and the cycles are frequently terminated by thin, persistent,
well-banded, and often carbonaceous chert horizons. Various calc-silicate
and banded carbonate rocks are usually associated with these chert horizoms.
The predominant mineral in the more mafic lavas is chlorite, accompanied
by altered sodic plagioclase and carbonate. In the more acidic lavas,
soda plagioclase, quartz, chlorite, sericite, and carbonate are found.

The Kromberg Formation which overlies the Hooggenoeg succession
consists of approximately 6,300 feet of mafic and acid massive lava, pillow
lava, and chert, in addition to a wide variety of pyroclastic, cale-
silicate, and carbonate rocks. The complete succession is best developed
in the Xromberg Syneline to the east of the type-area of the lower four
formations.

Finally, the rocks of the Zwartkoppie Formationm, consisting of
approximately 2,800 feet of cherts, intermediate lavas and a var’saty of
tale, talc-chiorite and carborate schists and greywackes, have been
included into the upper portion of the Onverwacht Group by Viljoen and
Viljoen {verbal communication, 1968). The Zwartkoppie rocks, as mentioned
previously, have in the past always been regarded as part of the lower
division of the Fig Tree assemblage.

The lower three Formations of the Onverwacht Group 25 well as
the Zwartkoppie Formation have been recognized in areas right the way
around the Barberton Mountain Land, whereas the Hooggenoeg and Kromberg
Formations are restricted in their occurrence to the southern portion of
the greenstone belt, where they are best developed in the Komati River
valley.

The rocks just described comprise mainly the volcanic and ’
sedimentary assemblages of the Onverwach* Group. On the northwestern side
of *he Barberton Mountain Land, however, there are 2 number of differen-
tiated mafic and ultramafic bodies that are also considered to beleng to
the Onverwacht Group. These differentia‘ed ultramafic bodies are best
developed in the Kaapmuiden-Malelane area, in the Jamestown Schist Belt,
and in the Stolzburg-Sterkspruit area. The ultramafic bodies generally
consist of a differentiated assemblage of rock-types comprising dunite,
peridotite, pyroxenite, gabbro and anorthosites and are considered to

represent intrusive sills emplaced very esrly on in the history of the
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Onverwacht Group. The rocks have been strongly deformed and are :ltered
mainly tc serpentinites, amphibolites, and metagabbros.

(c) The Fig Tree Group

(i) Introduction

Immediately and conformably overlying the predeminantly velcanic
successions of the Onverwacht Group is an assemblage of rocks composed
essentially of siliceous chemical precipitates, together with a great
accumulation of pelitic sediments. Where best developed in the Ulundi
Syncline, north of Barberton, the Fig Tree succession has, up until
recently, been subdivided into a lower division, which includes rocks
that are at times difficult to distinguish from the metamorphic products
of the underlying Onverwacnt Group; a middle division, which includes
the typical Fig Tree rocks, notably turbidites (shales and greywackes)
and banded cherts; and an upper division, characterized by a reworked,
unconformable grit horizon, more greywackes, and a voulcanic horizon.

A change in classification of the Zwartkoppie rocks from the
lower part of the Fig Tree Group into the upper part of the Onverwacht
Gronp would appear to be justifiable in the light of the evidence
presently available. The writer thus offers no support to the
classification proposals of Steyn (1965) mentioned earlier, in the
section on previous work. A note of caution should, however, be
introduced at this stage because, all too frequently in the past, have
classification changes been made that shortly afterwards require
modification, because further mapping has revealed something new.

(ii) Distribution

Rocks belonging to the Fig Tree Group are best developed to-
wards the interior regions of the Mountain Land, where they are sandwiched
between the underlying Onverwacht successions and the overlying Moodies
strata. The Fig Tree Group attains its fullest development northeast of
Barberton, in the Ulundi Syncline, where Ramsay (1963A) estimated a total
thickness of at least 10,000 feet for the tectonically flatrened strata.
Fig Tree rocks are also well-developed in the area south of Malelane, in
the area southwest of Barberton, and in the northwestern segment of
Swaziland (see Figure 2, page 39). The resistant cherts of the Group
build lofty mountain chains while the softer shales occupy deeply incised

V-shaped valleys.
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(iii) Stratigraphy

The Fig Tree Group comprises a highly varied group of sediments
composed essentially of banded cherts, banded ironstones, banded jaspers,
shales, greywackes, quartzites, grits, and conglomerates. What was
formerly regarded as the lower division of the Fig Tree Group, viz. the
Zwart) oppie assemblage, consists of talc-carbonate rocks, quartz-sericite
rocks and banded chert. The reclassification of these rocks into the
Onverwacht Group is thus based mainly on the associations and assemblages
of rock-types encountered.

In the southwestern parts of the Mountain Land, shales and
cherts of the Fig Tree Group overlie either acid or mafic volcanic rock-
types, and at no place can the typical Jwartkoppie assemblage be
identified in direct contact with the Onverwacht Group, tne relationship
between the two always being complicated hy faulting (Viljoen, and
Viljoen, verbal communication, 1968). In the Ulundi Syncline, carbonate-
chlorite-talc rocks occupy the lowest stpatigraphic position, and occur
in the cores of anticlinal structures (var Vuuren, 1964). Herget (1963)
noted serpentinites occurring as cores in the Zwartkoj fe talc-carbonate
schists of the Montrose area, southwest of Barberton. Van Vuuren (1964)
showed that the Ni and Cr content of these carbonate-bearing rocks is
indicative of their being of volcanic origin, and he suggested that they
had moved into the anticlinal ccores by means of tectonic transport, {.e.
the uptolding of the volcanic rocks af the underlying Onverwacht Group .

The ‘'Zwartkoppie Horizon' occurs as a marker within the Zwart-
koppie assemblage in the Ulundi Syncline. In places it is comprised solely
of massive and banded chert, but well-bedded cherts and black shales are
also developed. In addition, ferruginous shales and banded cherts,
referred to as "banded ironstones", occur here, as well as higher in the
succession. Koen (1947) concluded that the greens-hists in the Zwart-
koppie assemblage are markedly similar mineralogically to gruvywackes,
and that they owed their origin to intense mylonitization of greywackes
and shales, sandwiched between the competent banded cherts and the under-
lying carbonate rocks. van Vuuren (1964) recorded a thin but persistent,
sulphide band at the top of the Zwartkoppie succession, the areal extent
of which suggested a syngenetic origin with *he banded chert. Overlying
the 'Zwartkoppie Horizon' is a carbonate-bearing sandy phyllite, followed
by an oolite layer.

The Fig Tree Group as envisaged now, consists of a very thick
succession of alternating greywackes, shales and grits, with thin chert
bands. Higher in the sequence .ore greywackes, shales, banded ironstones,
and gritty greywacke layers are developed. The upper part of the Fig Tree
assemblage consists of still more greywackes and shales, banded chert,
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banded ironstones, and grits. At the *»p of the succession is a fzls-
pathic, tuffaceous greywacke and locally greywacke conglomerates are
aiso developed. The mineralogical composition «F the greywackes
throughout the Group indicates material clearly derived from ultramafic
{Danchin, 1967), mafic, and acid volcanics, as well as from
crystalline bodies such as granites, gneisses, or migmatites.

(iv) Evidence of Primitive Lifc-Forms

The cherts and shales of the Fig Tree Group have yielded
evidence of very primitive life-forms dating back mcre than 3,000 mil)lion
years. Ramsay (1963A) reported oolitic structures, rasembling primitive
algae (Cal-isphaera) from the Sheba Mine rrea. Hoering (in : Pretorius,
1965B) reported the presence of straight-chained hydrocirbons with 18 to
24 carbon 4toms, in the Fig Tree shales. The.=, he suggested, were
diagnostic of biologically produced petroleums. Other studies by Pflug
(1956) and Barghoorn and Schopf (1966) have revealed microfossils
preserved maii "y in the dark banded chert.

If the new (lassification of the Zwartkoppie rocks is accepted
then many of these micro-organisms will no longer belong to the Fig Tree
Group, but will occur in the Onverwacht succession. This applies to most
of the findings of the above-mentioned investigators 2« w2ll as to 008
and Nooner (1957) who reported aliphatic hydrocarbons ir Fig Tree rccks
and Schopf et al, (1968) who described amino acids frem Liack Tig Tree
cherts.

Alga-like forms have, however, already been reported in black,
carbon-rich cherts, and siliceous argillites interlavered with sequences
of lava belonging indisputably to the Onverwacht Group (Engel et al,
1968).

(d) The Moodies Group

(i) Distributiown

The Moodies Group foliows, in places conformably, in otbcrs.
unconformably, on the anderlying Fig Tree succession. It consiats mainly
of arenaceous rocks, with minor sandy-shale horizons and a characteristic
and persisten” basal conglomerite. The rocks of this Gro » cover large
areas, especially i. the interior of the Mountain Land (ses Figure 2,
page 39), wtere the formations build lofty ranges resp?nsible for much
of the scenic beauty of the area. Althougn having a wide distributlon:
par*iculariy in the central and eastern portions of the area, the Moodies
rocks are generally located in synclines that are separated from each
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other by large, longitudinal strike faults that trend in a northeast-
southwest cdirection and which divide the Mountain Land into a number of
fault-bounded '"cells". The Lily, Eureka, Saddleback, and Stolzburg
Synclires are but a few examples of major structures in which Moodies
rocks are preserved.

(ii) Stratigraphy

The Moodies Group is composed predominantly of psammitic and
psephitic sediments. The dominant rock-types are bculder beds,
conglomerates, quartzo-felspathic sandstones, sub-greywackes, siltstones,
and shales, with local developments of magnetic banded ironstones and
jaspilites. Also included in the stratigraphy of the Moodies rocks of
the Fureka, Saddleback, and Stolzburg Synclines is a thin amygdaloidal
lava horizon, now mainly amphibolitized.

The conglomerates are polymictic, containing well-rounded
pebbles and boulders of black and white chert, banded ironstone, jasper,
grit, granite, quartzite, micropegmatite, quartz porphyry, shale, and
quartz-sericite-schist. In addition, the writer has noted pebbles of
conglumeratic material in the rasal conglomerate of the Eureka Syncline.
The Moodies conglomerate pebbles occur in an arenaceous matrix of
felspathic quartzite, greywacke, and sandy shales. The conglomerate is
generally followed by a carbonate-rich quartzite.

The most complete succession of Moodies strata is preserved in
the Fureka Syncline, where it has been broadly subdivided by Visser,
compiler, (1956) as follows :

Uprer Shale

Upper Quartzite (Baviaanskop)
Middle Shale

Middle Quartzite (Joe's Luck)
Lower Shale

Lower Quartzite

Basal Conglomerate

The thickness of sediments along the southern limb of this
syncline is about 10,300 feet, of which argillaceous.vocks represent
Along the northern 1imb the thickness is approximately
6,500 feet, of which 75 per cent consists of argillaceous material.

i j ili f the Lower Shale
“agnetic shales and jaspilites occur near thg base ©
“orizon. The Middle Shale also has a magnetic shale and jasper horizon

L6 per cent.
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as well as a thin band of amygdaloidal lava. The Upper Shale is capped
by a thin, small-pebble conglomerate, with a matrix of coarse, gritty
sandstone. The three quartzite horizens have locally developed,
conglomeratic bands, but these never approach the dimensions and
character of the basal conglomerate. The Moodies rocks of the central
portion of the Mountain Land appear to consist of vast thicknesses of
quartzitic material, and it does not appear possible to correlate these
masses with the Moodies stratigraphy as defined above. In Swaziland,
only the basal conglomerate and the Lower Quartzite of the Moodies Group
are represented.

(e) Dykes
(i) Introduction

Hypabyssal rocks, mainly dykes, are prolifically distributed
over the entire area of the Barberton Mountain Land, but attain their
greatest development in the areas underlair by granitic rocks.
Practically all the dykes are vertical, and many give rise to striking
topographical features. The dykes are of ceveral varieties, each of
which tends to prefer a certain well-defined strike direction. The
dykes vary widely in age, and in mineralogical, and chemical composition.
Sheet- or sill-like intrusions are reported from the area, but are less
frequent than the dykes.

(ii) Structural Control of Dykes

The dykes generally conform to definite strike directions. A
prominent direction is from 30° to 35° west of north to approximately
northwest (Visser, compiler, 1956). A second direction is roughly at
right angles to *-= former, i.e. from 20° east of north to northeast.
Some dykes trend north-south, others parallel the strike of the
formations, and yet others deviate completely from these directions.
Zones of faulting and jointing appe~r to have had the major controlling
influence on the occurrence and trend of the dykes.

(iii) Dykes Varieties

1. Early Dykes in the Migmatites and Gneisses

Highly deformed dykes occur in the Nelspruit Granite, the
granites near Badplaas, and in the ancient gneisses of Swaziland. These
dykes are often folded, the axial planar structure of the migmatites
being identical to the axial plane of the dykes (Roering, 196?).. The
dykes are locally cross-cut and injected by the granitic matrix into
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which they at one time intruded and are now amphibolitized.

There are several ages of dykes; some have been folded, cthers
have not, but both types have been involved in the palingenesis of the
surrounding migmatitic and gneissic material. The ancient gneisses and
associated dykes were possibly reactivated during the G4, or synorogenic,
granitic cycle which is dated at 3,070 ¢ 60 m.y. by Allsopp et al, (1962).
The involvement of the early dykes in the migmatite-gneiss palingenesis
is used as evidence in support of this tarrain being representative of
at least part of an ancient, pre-Swaziland Sequence basement.

2. Dykes Later than the Swaziland Sequence

Dykes later than the Swaziland Sequence have been divided into
several categories (Visser, compiler, 1956) which reflect the age relation-
ships between the dykes themselves and the —various stratigraphic
successions of the Mcuntain Land and the su:rounding arear

The dykes have been grouped as follows :

(i) intrusions older than the Moodies Croup

(ii) intrusions older than the Godwan Formation
(iii) intrusions younger than the Transvaal Sequence
(iv) late dykes of Karroo dolerite.

The majority of dykes in the area are diabasic in composition,
with some of the larger bodies having differentiated into a wide variety
of rock-types. These include peridotite, olivine gabbro, quartz gabbro,
quartz diorite, and granophyric end-members with micrographic inter-
growths of quartz and felspar. Some diabase dykes are porphyritic and
contain large felspar phenocrysts. Pyroxene-amphibole and ultramafic
dyxes occur less frequently. The last phase of igneous activity in the
area is marked by the presence of dolerite dykes of Karroo age.

(f) Granites

(i) General

The supracrustal rocks of the Barberton Mountain Land are
survounded by granites which, in all cases, are glearly intrusive, and
which are also responsible for contact metamorphic effec?s. The granites,
~f which there are several varieties, have played a considerable role in
“he geological history and evolution of the greenstone belt as a vhole,
»nd no account of the geology of the area would be complete without

reference being made "o them.

4
i
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Although no one, apart from D.R. Hunter of the Swaziland
Geological Survey, has ever been primarily concerned with a study of the
granites, several workers have, nevertheless, taken an interest in the
granites of the area. This has been the case particularly where the
granites abut against, or surround, parts of the greenstone belt that
have come under rigorous examination.

(ii) Granite Varieties and their
Regional Distribution

Apart from Hunter's (1961, 19€5) breakdown of the various
granites in Swaziland those on the South African side of the Mountain
Land have been classified according to a scheme proposed by Anhaeusser
et al, (1967).

The breakdown of the granites has led to the recognition of a
number of distinct types, the localities of which are portrayed in
Figure: 2 , page 39. These include the Kaap Valley Granite, the
Nelspruit, Nelshoogte, M'pageni, Salisbury Kop and Dalmein granites, and
many others to which no specific names have yet been given.

The Kaap Valley Granite, near Barberton, forms a huge diapiric
pluton surrounded by Swaziland Sequence rocks. It is essentially a horn-
blende granodiorite or tonalite, often containing biotite. A distinct,
foliated fabric is developed close to the contact area with the supra-
crustal rocks, and the granite is clearly intrusive into the Svaziland
Sequence rocks. The Nelspruit Granite is the name given to vast areas
of granitic rock that are distinct from the other varieties. It is made
up of highly variegated rock-types, ranging from homogenized granites
without any visible fabric, through gneisses, to complex migmatites. On
the northern side of the Barberton greenstone belt this granite reveals
a homogenized phase, several thousand feet wide, which is confined to
the contact zone. Pegmatites are clearly related to this homogenized
phase. The Nelshoogte Granite, like the Kaap Valley Granite, forms a
diapiric pluton north of Badplaas. It is surrounded by Swaziland
Sequence rocks in the east, but is covered by younger escarpment forma-
tions in the west. Essentially a biotite granite or tonalite, it is
intrusive into the Swaziland Sequence rocks and possesses a well-defined,

foliated fabric near the contacts.

The M'pageni Granite, situated about 14 miles east of Nelspruit,
ncours as a discordant pluton in the Nelspruit Granite terrain. It is ;
characteristically a coarse-grained, homogeneous, non-foliated granite,
somewhat similar to the post-orogenic granites of Swaziland described by

Hunter (1965). The Salisbury Kop Granite, situated in tne far northeastern
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extremity of the Barberton greenstone belt is somewhat similar in
appearance to the M'pageni Granite, and has no visible foliation. It is
generally a medium- to coarse-grained granite vhich intrudes Swaziland
rocks, but its exact relationship to the Nelspruit Granite has not yet
been established. Van Eeden and Marshall (196%) consider this granite
to be a reomorphosed equivalent of the basement on which the supra-
crustal rocks were deposited. However, Anhaeusser et al, (1967) are of
the opinion that this body is a younger granite pluton, similar to the
M'pageni and post-orogenic granites (formerly known as t'e G5 granites),
described by Hunter (1961, 1965). The granite is typically homogeneous,
and has a narrow chill-phase of aplitic and alaskitic granite around the
edges, in contact with the Swaziland Sequence rocks (Viljoen and Viljoen,
verbal communication, 1967).

Another, essentially similar, younger granite body, called the
Dalmein Pluton, invades the Onverwacht successions in the Komati River
Valley and, like the Salisbury Kop Granite jus: discussed, it truncates
the sequence abruptly. The granite is also coarse-grained, porphyritic,
and gossesses no foliation (Viljoen and Viljoen, verbal communication,
1967).

In Swaziland, Hunter (1965) has recocrded the presence of six
late plutons of coarse-grained, porphyritic granite, intruded into the
older granitic rocks of the area. In Figure 3, page 51, only two of
these plutons are indicated, the others being off the map to the south.
Apart from the Ancient Gneiss Complex and early tonalitic gneisses which
form part of Hunter's (1965) granite classification, a vast area of
Homogeneous Granite, consisting of grey, medium- to coarse-grained,
biotite-microcline granite and granodiorite, occupies much of the Swazi-
land area. In Figure 3, page S1, this granite has erroneously been
indicated as having a strong foliation along the eastern contact with the
Barberton Mountain Land. The foliation in the grarites on the South
Afpican side of the Mountain Land is, however, very much in evidence,
being particularly prominent in the early diapiric granodiorite and
tonalitic plutons. The Swaziland homogeneous granite is considered to
have a sheet-like form, passing downwards into a migmatite zone.

C. STRUCTUREC OF THE BARBERTON MOUNTAIN LAND

(a) General

In broad terms, the Barberton Mountain Land represents a
strongly deformed synclinal, boat-shaped remnant of layered, supracrustal
rocks, intruded and completely enveloped by a vast and complicated
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granitic terrain. This synelinorial keel has a length of 80 miles, and

a strong :ast-northeasterly trend. It forms a narrow, elongated triangle,
tapering gradually from a maximum base width of 32 miles in the south
(between Badplaas and Forbes Reef), to five miles in the extreme northeast,
near Hectorspruit, where it disappears under a younger cover of Karroo
sediments. The average width of the belt (between Barberton and Pigg's
Peak) is 17 miles.

(b) Arcuate Schist Belt Remnants

Strikingly apparent from the structural map (see Figure 3,
page 51) are the generally arcuate, narrow, tapering protruberances of
layered rocks which trend in all directions away from the main, east-
northeast-trending grain of the triangular keel. These protruberances,
or schist belts, attain their best development on the northwectern,
western, and southwestern sides of the Mountain Land, but are also present
as much smaller and generally more conformable features along the other
contacts of the Mountain Land. The most spectacular of these is the
Jamestown Schist Belt which trends in a northwesterly direction from Noord-
kaap to Kaapsehoop. It is slightly arcuate, being concave towards the
scuth, i.e. towards the Kaap Vallev Granite. The belt, about which a more
detaile” account will be given later in this report, has a strike length
of about 22 miles from Noordkaap to the Transvaal Drakeunsberg Escarpment,
where it disappears under the younger, almost flat-lying Black Reef
quartzites and Godwan lavas. Another conspicuous, tapering, triangular
belt is the Nelshoogte Schist Belt on the southern side of the Xaap Valley
Granite, It also trends in a northvesterly direction, and is slightly
arcuate. Several other arcuate schist remnants occur on the south side of
the Mountain Land, between Badplaas and Oshoek. Although much smaller
than the two above-menticned belts, numerous coalescing tongues form
interfering arcuate structures, as can be seen north of Lochiel (see

Figure 3, page 51).

A cignificant feature c¢f these relatively small, arcuate belts
is that almost ali of them consist 7i ietamorphosed mafic and ultra-
mafic volecanics of the Onverwacht Group (particularly the three lowe:
formations). This also applies to the outlying, small remnants within
the eranites near Alkmaar, in the area north of Badplaas, in the area of
the }.uger Naticnai Pa:k, and in the region extending from Kaapmuiden

e ~ds the Consort Mine.

(c) Major Folds

Conspicuous within the main northeast-trending keel, and
constituting the main structural features of the Mountain Land, are a
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