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Y OF -
REGION, SOUTHWESTERN SWAZILAND

ABSTRACT

The Mahamba-Nhlangano area is underlain by deformed and
metamorphosed rocks of Early to Late Archean age, Late Archean
intrusive rocks, and unmetamorphosed Palaeozoic strata of the Karoo

Supergroup.

The main Archean unit, the Pongola Supergroup, comprises the
predominantly volcanic Nsuze Group and the predominantly
sedimentary Mozaan Group. The Nsuze Group (not exposed within
the map area) consists mostly of andesitic lavas which crop out in the
western part of the area. The younger Mozaan Group, which is
exposed, contains abundant quartz arenites, some of which have been
completely recrystallized to quartzites. Minor arkosic, phyllitic and
schistose layers are interbedded with the quartzites.

The Archean sedimentary strata are adjacent to the Nhlangano Gneiss,
which is tonalitic in composition and has a radiometric age of 2929
Ma. This suggests that it may be basement that was partially
reactivated during deposition of the uppermost beds of the Unner
Mozaan Group of the Pongola Supergroup as the latter was deposited
during the time interval from 3000 to 2900 Ma,

A melanocratic garnetiferous gneiss adjacent to the Nhlangano gneiss,
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now named the Mahamba Gneiss, was earlier said to belong to the
Bimodal Suite (Ngwane Gneiss); it is very susceptible to weathering,
and therefore most of it is covered by overburden. Its U-Pb age (on
zircons) ranges firom 3297 to 3553 Ma (Kroner & Compston, 1988),
suggesting that the Mahamba Gneiss was part of the basement on
which the Pongola Supergroup was deposited.

A dark coloured rock of amphibolite grade, that has intruded the
Nhlangano gneiss, forms a border between the Mahamba Gneiss and
the younger Karoo sediments.

Younger felsic intrusions of the Hlatikulu Granite have extensively
intruded both the Pongola Supergroup and the earlier-formed granite
gneiss. These granites are post-tectonic and have an isotropic fabric.

The youngest sedimentary rocks of the area, Permo-Triassic strata of
the Karoo Supergroup, comprise units of sandstone, arkose, and
carbonaceous shale. The oldest of these units, the Dwyka Formation
(tillite), unconformably overlies the Pongola Supergroup.

Two types of dolerite and gabbro dykes are observed in the area: pre-
Karoo dykes which trend northerly, parallel to the trends of the major
formations; and post-Karoo dolerite dykes, whose trend is variable.
Provenance of the Pongola Supergroup sediments has been difficult to
establish because of lack of primary structures and heavy minerals.
The Pongola sediments were extensively altered during metamorphism
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of the Mahamba Gneiss and Nhlangano Gneiss, Metamorphism took

place before intrusion of the Hlatikulu Granite, which still retains its
isotropic fabric.

The younger sediments of the Karoo Supergroup show a strong
resemblance in composition to the Hlatikulu Granite. SEM analytical
work on the biotites of rocks of all the different units points to the

Hilatikulu Granite as the probable source for most of the Karoo
sediments.

Geothermometry of biotites and garnets of the Mahamba Gneiss has
led to the conclusion that the temperatureof metamorphism was 600
degrees. Petrographic work on the metasediments shows a change in
metamorphi. grade from low (andalusite) in the southwest to medium
(sillimanite) in the northeast




CHAPTER 1

INTRODUCTION

1.1 Purpose of Study
The Shiselweni region in southwestern Swaziland has in the last 20

years been overlooked when projects to map the country were
initiated.. Thus, most previous work pertaining to the area is now
outdated, and there was need to map the area anew. Much progress
has been made through recent studies of rocks of the Pongola
Supergroup in the Republic of South Africa, but the same cannot be
said of the Swaziland segment, and therefore this study of the Pongola
was initiated to rectify this disparity.

1.2 Study Area

The study area is just west of Nhlangano Township {fig.1), in the
Mahamba area of the Shiselweni region, southwestern Swaziland.
This area of approximately 55 km’ contains a wide variety of rock
units. Two months in 1993 were spent mapping the area. The
Mkhondvo river, which runs through the area in a northeasterly
direction, has a number of tributary streams, some of which originate
in areas underlain by Pongola sediments. The eastern and western
parts of the area are at higher altitudes because they are underlain by
Pongola quartzites which are resistant to erosion. Between these

highlands is a low-lying, gently rolling area underlain by the
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Nhlangano and Mahamba Gneiss suites, which have been intruded by
younger granites and two generations of dykes, one pre- and the other
post-Karoo. Southern parts of the study area towards the western
boundary are anderlain by the Karoo Supergroup, which contains the
youngest consolidated sediments in the area, These crop out in river
and stream beds.
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Figure 1, Index map showing location of the study area in Nhlangano/Mshamba, Shisclweni region.




1.3 Previous Work

Humphrey (1912) initially included the Pongola strata in the Swaziland
Supergroup. He referred to the Nsuze and Mozaza Groups as Lower
Pongola and Upper Pongola series respectively, but later (Humphrey,
1931) he reassigned the Pongola to a separate series. Hamilton (1938)
mapped the Mozaan of Kubuta, noting similarities to the lower parts
of the Witwatersrand Supergroup. ‘lL'ruter (1949) agreed with
Hamilton’s interpretation and correlated the Nsuze Group with the
Dominion Supergroup. Mehliss (1961) correlated the Mozaan Group
with the Witwatersrand Supergroup.

Hunter (1953) mapped both the Kubuta area and unmapped parts of
the Mahlangatsha area in. These were re-mapped by Winter (1962).
Both Hunter and Winter drew attention to the intrusive nature of the
granitoid rocks of these areas, and because of uncertainty that
surrounded the correlation of the lithological units, preferred to refer

to the Swaziland section of these beds as the Nsuze and Mozaan
Series.

Wilson (1980) mapped the area during a programme that covered the
entire country. In 1988, Wilson and Jackson discussed the mantled
gneiss domes of the area and the concept of ’stable’ Pongola cratonic
cover, concluding that conditions prevailing during Pongola
sedimentation were actually metastable and temporary, being
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supplanted by a regime of thermal reactivation which manifested itself

in the form of dome-and-basin folding and high-grade metamorphism
of the Pongola cover, gneiss-dome formation, and intrusion of a sheet-

like granite batholith and sharply discordant granite plutons.

Hegner & Kroner (1987) concluded that the Pongola Supergroup
represents "the oldest cratonic cover sequence.” They noted that the
supergroup is intruded by the predominantly gabbroic Usushwana
Suite at or near the base of its lower volcanic pile, whereas
differentiated mafic to ultramafic sills occur at various levels in the

upper sedimentary unit,

Matthews (1987), who studied the Pongola Supergroup of southeastern
Transvaal and Natal for many years, has divided it into two structural

domains, the Northern and Southern Domains.

(1) The Northern Structural Domain comprises a thick (~13km)
conformable assemblage of strata of low to very low metamorphic
grade, consisting of a predominantly volcanic lower sequence (Nsuze
Group) and a mainly sedimentary upper s2auence (Mozaan Group).
Both are asymmetrically distributed in east-west sections across the
basin, The structure of this basin is also asymmetric, with a relatively
undisturbed western margin, but extensively deformed eastern and
southern imargins; disrupted segments extend between several large,
intrusive post-Pongoia granitoid plutons.
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(2) The Southern Structural Domain is composed of contrasting major
structural units which occur in ascending order from east to west, due
to a westward regional structural plunge. The lower unit is an
extensive segment of the pre-Pongola granite-greenstone basement,
containing two widely spaced (20km) east- trending structural wedges
of folded and downfaulted Nsuze strata, although the northernmost
wedge also coatains an unconformable, folded Mozaan sequence that

oversteps Nsuze formations to the south.



7
CHAPTER 2

2.1 GENERAL GEOLOGY OF THE STUDY AREA

The Nhlangano-Mahamba area contains a variety of igneous
lithological units (fig. 2, and pocket at back) which are difficult to
distinguish in the field, although they can be clearly distinguished on
the basis of petrographic analysis. Along the eastern boundary of the
area, the upper part of the Pongola Supergroup, the Mozaan Group,
is made up of conglomerates and sillimanite-bearing metaquartzites.
Wilson and Jackson (1988) named these rocks the Mkhondo Valley
Metamorphic Suite. Within the Mozaan beds are conformable lenses
of pelitic schists and banded iron-formations, suggesting that intervals
of low-energy sedimentation interrupted high-cnergy conditions that
prevailed during deposition of the arenites and conglomerates.
Immediately west of the Mozaan Group, three different rock types can
be identified: (1) the quartzofeldspathic Nhlangano Gneiss, which is
the predominant rock in the area; (2) a sill-like unit of amphibolite.
which probably intruded the gneisses; (3) a younger granitoid rock,
the Hlatikulu Granite, that has intruded all other major units, and
appears to underlie most parts of the area.

Two types of diabase dyke have been identified: a northerly-trending
pre-Karoo diabase/gabbro dyke in the central part of the map area,
and throughout the area, numerous post-Karoo dolerite dykes that do
no obvious preferred trend. In addition, on the north bank of the
Mkhondo River, adjacent to the bridge, a single outcrop of diorite is



exposed.

Toward the west, adjacent to the Nhlangano Gneiss, is the oldest rock
of the area, the Mahamba Gneiss, a melanocratic garnetiferous gneiss
which, because it is very susceptible to weathering, is extensively
covered with overburden. This unit, distinguished by its dark grey
and white bands, is composed of quartz, feldspar, biotite and garnet.
Some samples contain minor amounts of sericite, chloritc, amphibole,
zoisite, muscovite and epidote.

West of the Mahamba Gneiss is the youngest sedimentary unit in the
area, the Karoo Supergroup, which crops out at the Mkhondo River.
In other areas it is covered with overburden. The base of the Karoo
is the glaciogenic Dwyka Tillite, corposed mainly of matrix-supported
conglomerates. The Dwyka, deposited during the early Permian, is
conformably overlain by the Ecca Group, which was deposited during
Late Permian to Early Triassic time. It is made up of feldspathic
sandstones, arkosic wackes, and carbonaceous shales. A borehole was

drilled near the western edge of the Karoo Supergroup.

The western part of the study area comprises the Mozaan Group
quartzites, which trend roughly N-S and dip ~40° to the east. These
quartzites are less deformed than those of the Mkhondo Valley
Metamorphic Suite, and the widespread occurrence of andalusite
suggests that these rocks formed as » result of low-pressure, low-
temperature metamorphism. Beds of banded iron-formation appear
to be conformably interlayered with the Mozaan quartzites.
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2.2 MAHAMBA GNEISS
The outcrop of the Mahamba Gneiss forms a peripheral arc along the
western margin of the Nhlangano Gneiss, which occurs as a central
domal structure. Samples of the Mahamba Gneiss are fine- to coarse-
grained; they contain garnet, but no amphibole, except in samples
from two localities (Appendix 1, p.98 close to the contact with
amphibolite gneiss. The main minerals of the Mahamba Gneiss are
quartz, plagioclase, biotite, garnet, and chlorite, with or without
muscovite. K-feldspar and sericite are minor constituents. The
foliation ranges from distinctly tabular (fig.3) to lenticular (Fig.4).
Garnets tend to be abundant in felsic clots (Fig. 5).
The Mahamba Gneiss has a zircon Pb-Pb evaporation age ranging
from 3297Ma to 3553Ma +/- 6 (Kroner & Compston, 1988). The
Mahamba Gneiss, therefore, is not coeval with part of the Pongola
Supergroup as suggested by Wilson and Jackson (1988). Instead, it
represents the basement on which all other units accumulated
(Maphalala & Kroner, 1993).

Rocks of the Mahamba Gneiss Suite appear to represent the late stages
of formation of the Ngwane Gneiss (formally called the Bimodal
Suite), which is part of the Ancient Gneiss Complex. A traverse
through the area, where the Mahamba Gneiss crops out, revealed that
the contact with the Nhlangano Gneiss is gradational.



Figure 3. A typical example of the Mahamba Gneiss suite,showing distinct gneissic Jayering
(Diamncter of coin is 2 cm).

Figure 4. A photograph of the Mahamba Gneiss showinig the banded fabric and numerous
garnet porphyroblasts (Dismncter of coin is 2 cm).
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The Mahamba Gneiss has a distinctive grey and white banding. In

the Mkhondo River, it forms a fiat pavement along the river course.
The gneiss contains two obvious generations of intrusions: the first is
an amphibole-rich veining that cuts through the original gneissic
fabric; the second is a felsic migmatite component that cuts across
these veins. All samples belonging to the Mahamba Gneiss suite
virtually have the same mineralogy, with only minor differences here
and there. All samples contain quartz, plagioclase, orthoclase,
microcline, chlorite, biotite, garnet and opaques. Only two contain
amphiboie (samples 35 and 40). In addition, some samples contain
muscovite, titanite, tourmaline and zircon. The samples are generally
fine- to medium- grained, but one (sample 35) is coarse- grained, and
contains zoned microcline. All of the minerals are subhedral- to
anhedral. An amphibolitic gneiss with quartz lenses crops out on the
Vonde River. The surrounding higher area is covered with
overburden. The amphibelite contains ptygmatic folds and displays
low-angle thrusts (fig. 6). The folds are concurrent with the first
phase of deformation, but some of the thrusts cut through the foliation
fabric, thus making the faults second generation. Some quartz lenses
are boudinaged, and commonly show a sinistral direction of
displacement. Sample 24 (from the amphibolite) shows distinct
mineral alignment. Iimenite and magnetite are the metallic minerals
in the rock. Samples 35 and 50, from the same locality, display a
distinct layered fabric. In sample 50, some of the biotite is green and
some is brown, probably reflecting differences in the relative



14

abundance of Ti, Fe’* and Fe’*. The garnet is rounded and there is
a distinct layered fabric due to the alignment and segregation of

minerals.
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Figure 5. Typical Manamba Gneiss showing abundant garnets in felsic clots. Coin is 2cm in dizmeter.

Figure 6. A photograph of an amphibolitic gneiss from the Vonde River, showing ptygmatic
folds and Jow-angle thrusts (Diameter of coin is 2 cm).
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2.3 NHLANGANO GNEJSS
The Nhlangano Gneiss, whose Pb-Pb zircon evaporation age is 2929

+/-5 Ma (Maphalala and Kroner, 1993), comprises a sub-circular
dome, which is centred on the township of Nhlangano, and is bordered
to the west and south by the Mahamba Gneiss, Pongola and Karoo
strata, and to the north and east L,y the Hlatikulu Granite. The dome
is a periclinal anticlinorium containing three gneiss-cored antiforms
separated by two narrow synforms in which metasedimentary cover is

preserved.

The core of the Nhlangano Gneiss dome comprises a biotite-microcline-
quartz granite gneiss, Compositional variations are subtle, but the
appearance of the rock varies widely in correspondence to changes in
the tectonite fabric. In the centre of the dome, the rock is structurally
isotropic and has a hypidiomorphic texture that is typical of granite.
The intensity of fabric development increases outwards, although this
trend is not consistent because of second-order folds and shear zones
within the dome (fig.7).

Medium- to coarse- grained quartzofeldspathic rocks of the Nhlangano
Gneiss, which crop out throughout almost the entire field area, are
easily recognizable because of their pinkish-red weathered colour. The
gneiss, which is locally migmatitic, can also be distinguished from
other gneisses by its high content of quartz and feldspars.
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Figure 7. An example of the Nhlangano Granite Gneiss, showing folded foliation near the contact
with the Mahamba Gneiss (Coin is 2 cm in diameter).

Figure 8. A photograph of the Nhlangano Gneiss illustrating is banded fabric, with quartz
porphyroblasts (diameter of coin is 2 cm).
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The Nhlangano Gneiss is distinguished from other gneisses by
migmatitic fabric and a high content of quartz and feldspars, together
with varying amouats of amphibole. Other common minerals in this
gneiss are sericite, chlorite, biotite and minor titanite, tourmaline,
zircon, and opaques (Appendix 1, p.99). Calcite in one sample
appears in a late- phase vein (fig.9). A representative sample of the
Nhlangano Gneiss (sample 20), is a medium-grained rock with a faint
foliation, and shows both perthitic and antiperthitic textures. A sample
taken from an outcrop adjacent to a post-Karoo diabase (sample 39)
is fine-grained, anhedral, and almost equigranular, but displays only
rare perthitic textures.

Sample 43 is from another exposure of the Nhlangano Gneiss that
crops out within a cluster of roughly necrth-trending pre-Karoo
dolerite dykes, a few hundred metres south of the locality of sample
39. This medium- to coarse-grained sample shows anhedral to
subhedral textures, and contains both perthite and antiperthite. The
microcline is zoned, and the quartz shows undulose extinction.
Banding is clearly visible.

Sample 48, next to the road from Mahamba to Nhlangano, contains
lenses of quartz and calcite, but without any cross-cutting features, It
is fine to very coarse-grained, and most of the minerals are anhedral.
The sample shows a distinctly layered fabric which is accentuated by
alignment and layer- segregation of biotite (fig. 9). Perthitic and
granophyric textures occur locally.
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Sample 57, collected south of the study area, also shows perthitic
texture.






