o

UNIVERSITY
OF

JOHANNESBURG

COPYRIGHT AND CITATION CONSIDERATIONS FOR THIS THESIS/ DISSERTATION

@creative
commons

Q0C®

o Attribution — You must give appropriate credit, provide a link to the license, and indicate if
changes were made. You may do so in any reasonable manner, but not in any way that
suggests the licensor endorses you or your use.

o NonCommercial — You may not use the material for commercial purposes.

o0 ShareAlike — If you remix, transform, or build upon the material, you must distribute your
contributions under the same license as the original.

How to cite this thesis

Surname, Initial(s). (2012) Title of the thesis or dissertation. PhD. (Chemistry)/ M.Sc. (Physics)/
M.A. (Philosophy)/M.Com. (Finance) etc. [Unpublished]: University of Johannesburg. Retrieved
from: https://ujdigispace.uj.ac.za (Accessed: Date).



http://www.uj.ac.za/
https://ujdigispace.uj.ac.za/

Ay

LITHOSTRATIGRAPHY AND DEPOSITIONAL
ENVIRONMENT OF THE ARCHAEAN NSUZE GROUP,
PONGOLA SUPERGROUP. .

PART 1

E.G. COLE
1594



~ QA

LITHOSTRATIGRAPHY AND DEPOSITIONAL ENVIRONMENT OF THE ARCHAEAN
NSUZE GROUP, PONGOLA SUPERGROUP.

by
EDWARD GEORGE COLE

Dissertation
submitted in fulfilment of the regquirements
for the degree of
MASTER OF SCIENCE
in
GEOLOGY
in the
Faculty.of Science

RAND AFRIKAANS UNIVERSITY

Supervisor: Professor N. J. Beukes
Co-supervisor: Professor L. Ashwal

DECEMEER 1994



Absgtract:

The ~ 3,0 Ga old volcano-sedimentary Nsuze Group, which forms the’
base of the Pongola Supergroup, outcrops as scattered inliers
within a 100 km wide zone extending from southern Swaziland to
northern Natal on the south-eastern part of the Kaapvaal craton.
The Nsuze Group is significant in that it forms part of probably
the oldest intracratonic sequence in the world, being deposited
at a time when Archaean granite-greenstone seguences were being
‘emplaced elsewhere.

Lithostratigraphic profiles have been constructed along selected
traverses throughout the Nsuze basin. Data from these profiles,
in addition to published Nsuze lithostratigraphic data, have been
ultized to establish regional inter-profile correlations which
ultimately contributed to the establishment of a new regionally-~
applicable stratigraphic £framework for the Nsuze Group. The
Nsuze Group  has. been subdivided into eight regionally
recognisable formations. Three of those formaticns are
dominantly veolcanic {Pypklipberg, Agatha and Ekombe), with four
being dominantly sedimentary (Mantonga, White Mfolozi,
Langfontein / Vutshini and Mkuzane). One formation, the
volcaniclastic Nzimini Formation, is restricted to the southern
domain with it’s exact stratigraphic position uncertain. A Nsu:ze
Group outcrop map has been constructed, showing regional outcrop
distributicn in terms of the new stratigraphic nomenclature.

Nsuze Group lithologies have been subjected to a complex series
of alteration processes. An initial phase of post-emplacement
alteration effected the wvolcanics, while the entire Nsuze
sequence bears the imprint of regicnal burial-induced low grade
metamorphism. Post-Pongela age granitoid emplacement has locally
caused heornblende-hornfels facies contact metamorpnism.

The Nsuze Group 1s at present preserved as isolated folded
inliers enveloped by pre- and post-Pongola granitoids. A full
appreciation of the structural overprint is critical in
conducting lithostratigraphic profiles in the Nsuze basin.
These structural complexities have been recorded and interpreted
‘during fieldwork. Geophysical evidence suggests a much wider
Nsuze Group subcropping distribution than that seen to be
outcropping.

Geochronological, lithostratigraphic and geochemical data suggest
a correlation between the Nsuze and Dominion Groups. A large
portion of the Dominion Group has been removed by the pre-
Witwatersrand unconformity, with only the lower portion of the
original Dominion sequence preserved.
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One hundred and twelve Nsuze lava and pelite geochemical analyses
{major, minor and trace elements) are presented. These data have
been combined with published geochemical data to produce a
stratigraphically-constrained Nsuze database. These data have
vielded information concerning factors such as the provenance of
the Nsuze Group, the tectonic setting of the Nsuze Group and the
chemical <c¢lassification of Nsuze lavas. The database 1is
particulary suitable for future geochemical applications.

Progressive subsidence of the Nsuze basin has contributed to an
evolution in depositional environments ranging from & sandy
braided fluvial envirconment during Mantonga Formation times,
through a tide - dominated depositional environment during White
Mfolozi Formation times, to a shallow marine shelf environment
during Mfenyana Subgroup times. The volcanic formations also
reflect increasingly subagueous conditions of emplacement.
Sedimentation throughout the Nsuze Group was characterised by
occasional syn-sedimentary tectonism, instability and pyroclastic
volcanism. However in general the Nsuze Group reflects
deposition under stable cratonic conditions, possibly in an
intracratonic basin.

This study summarizes the lithostratigraphy of the Nsuze Group,
in so doing placing the work done by previous Nsuze Group workers
in localized areas in a regional stratigraphic framework. It is
hoped that this study will stimulate further research on the
Nsuze Group.
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UITTREEKSEL:

Die =~ 3,0 Ga oue vulkaniese-sedimentologiese Nsuze Groep
gesteentes vorm die basis van die Pongola Opeenvolging. Die
Nsuze Greoep dagsoom as verspreide insluitsels binne ‘n 100 km wye
sone wat strek vanaf suidelike Swaziland tot noord Natal op die
oostelike gedeelte van die Kaapvaal Kraton. Die Nsuze Groep word
belangrik geag omrede dit deel wuitmaak wvan die oudste
Jintrakratoniese opeenveolging in die wéreld. Die Groep is
gelyktydig afgeset wmet die Argeiese graniet/groensteen
opeenvolgings elders in die wéreld. .

Lithostratigrafiese profiele 1s saamgestel deur voorkeur
lokaliteits profiele in die Nsuzekom. Korrelasies tussen die
profiele is wverkry deur die samestelling van dile opgemete
profiele, gepubliseerde profiele en gepubliseerde literatuur.
Verkryde inligting i1is gebruik om ‘n nuwe Nsuze Groep
stratigrafiese raamwerk op te stel wat regionaal toegepas kan
word. Die Nsuze Groep kan onderverdeel word in agt regicnasal

uitkenbare formasies. Drie van die bogencemde formasies 1is
hoofsaaklik wvulkanies van aard nl. die Pypklipberg, Agatha en
Ekombe . Formasies. Die Mantonga, White Mfolozi,

. Langfontein/Vutshini en die Mkuzane Formasies is hoofsaaklik van
sedimentére oorsprong. Die vulkaniklastiese Nzimini Formasie is
beperk tot die suidelike gebied met stratigrafiese posisie
cnseker. Volgens die nuwe Nsuze stratigrafiese nomenklatuur is
'n nuwe Nsuze Groep dagsoomkaart saamgestel wat regionale
verspreiding uitwys.

Die Nsuze Groep is onderwerp aan ‘n ingewikkelde reeks metamorfe
en alterasie prosesse. . Die vulkaniese gesteentes is onderwerp
aan ‘n fase wvan na-inplasing wmetamorfose, gevolg deur die
regionale lae graadse metamorfose van die Nsuze Groep. Die na-
Pongola oudexrdom intrusiewe graniete het plaaslike hornblende-
hornfels metamorfose verocorsaak.

Die Nsuze Groep geplooide insluitsels is gepreserveer en
geisoleer deur omliggende voor- en na-Pongola ouderdom graniete.
Strukturele aspekte word waardeer deur die samestelling van
lithostratigrafiese profiele verkry in die Nsuzekom. Strukturele
aspekte 1s aangeteken en geinterpreteer gedurende: veldwerk.
Geofisie inligting bewys dat die ondergrondse verspreiding van
die Nsuze Groep die dagsoom verspreiding ver oortref.

‘n Korrelasie tussen die Nsuze Groep en die Dominion word verkry
uit geokronologiese, lithestratigrafiese en geochemiese
inligting. Die onderste gedeelte van die oorspronklike Dominion
opeenvolging is gepreserveer as gevolg van die voor-Witwatersrand
diskordansie wat die bo-liggende formasies geerodeer het.
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Eenhonderd en twaalf Nsuze lawa en peliet gecochemiese ontledings
word verskaf. Gepubliseerde Nsuze geochemiese data is gekoppel
aan die bogenoemde geochemiese ontledings om ’‘n stratigrafiese -
gekoppelde Nsuze databasis te ontwikkel.

Bogencemde geochemiese data verleen inligting tot die volgende:
provenansie van die Nsuze Groep, tektoniese omgewing en 'n
geochemiese klassifikasie van die Nsuze lawas. Die databasis is
veral geskik vir-toekomstige geochemiese toepassings. oL

Verskeie unieke afsettings omgewings in die Nsuzekom is teweeg
gebring deur die progressiewe versakking van die komvloer. Die
komvloer afsettings omgewings sluit in: die sanderige gevlegte
fluviale omgewing van die Mantonga Formasie, ‘n gety-gedomineerde
afsettings omgewing gedurende die White Mfolozi Formasie en ’'n
viak marine plat omgewing gedurende die Mfenyana Subgroep. Die
vulkaniese formasie inligting verkry dui op ’‘n onderwaterse

afsettings omgewing. Sedimentasie in die Nsuze Greep is
gekenmerk deur aktiewe vulkaniese prosesse wat onstabiele
toestande en piroklasties wvulkanisme insluit. Die Nsuze Groep

is in die algemeen afgeset onder redelike stabiele kratoniese
toestande, waarskynlik in ‘n intrakratoniese kom.

Die studie is 'n samevatting van.die lithostratigrafie van die
Nsuze Groep. ’‘n Regionale stratigrafiese raamwerk is saamgestel
en vorige lithostratigrafiese werk 1s in die raamwerk
geinkorporeer. Die studie poog om verdere navorsing in die Nsuze
Groep te stimuleer.
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distribution, geophyslical trends and simplified
structural trends within the Pongola basin cn the
southeastern portion of the KaapVaal craton.
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CHAPTER 1: INTRODUCTION

i R

1

STATEMENT OF PROBLEM

The Archaean Pongola Supergroup, which comprises a lower
volcano-sedimentary Nsuze Group and an upper predominantly
sedimentary Mozaan Group, outcrops in isolated, but
laterally extensive, areas within & zone abcut 100 km wide,
in southern Swaziland and northern Natal {fig. 1.1). The
Pongola, as a stratigraphic term, was introduced by
Humphrey . {(1912), who used it as a "Series" name for a
succession of lavas and sediments he located along the

Pongol: River in the .southeastern Transvaal. The name
Nsuze was 1initially introduced as the Insuzi Series by
Hatch (1910). He used it to describe a succession of

guartzites, conglomerates, grits and schists encountered in
a valley of that name west of Nkandla in northern Natal.

" Recent isotopic age dating has placed the age of the

Pongola Supergroup between that of the pre-Peongela granites
(3107 +4 Ma, U-Pb single zircon from southern Swaziland,
Kamo et al., (1890)) and the post-Pongola intrusive
Ushushwana Complex (2871 +30 Ma Sm-Nd, whole rock
pyroxenite, Hegner et al. 1984). 8Single zircon grains from
Nsuze Group rhyolites from southern Swaziland yield
concordant ages with a mean value of 2984 + 2,6 Ma (Hegner
et al, 1983). These ages emphasize the geoclogical
significance of the Pongola Supergroup, which probably
represents the oldest intracratonic seguence in the world,
deposited on the southeastern part of the Kaapvaal craten
in southern Africa during a time when typical Archaean

' granite-greenstone seguences were being formed elsewhere

ie. Zimbabwe, Western Australia and North America.

Surprisingly 1little regional work has been conducted to
date on the Nsuze Group. Studies have been largely
conﬁined to localized general geological mapping, with no
serious attempt made to establish regional correlations of
different units in the Nsuze Group or te recognise the
lateral variations within the succession. The result is a
confusing array of Nsuze stratigraphic nomenclature with
limited regional applicability (Fig. 1.2). This study
addresses these problems through lithostraphic studies of
the enti:e outcrop area of Nsuze strata, attempting to
place the work done by various workers within a regional
lithostratigraphic framework. A new lithostratigraphic
nemenclature, which can be applied regionally, is proposed
for the Nsuze Group.



Burke et al (1985) have suggested that the Pongola
Supergroup (of which the Nsuze Group forms the base)
displays many characteristics of rocks deposited in ancient
rifts. .This concept suggests that the Nsuze Group records
the oldest known rift. However, Burke et al ({1985) present
no detailed regional data to support their proposals. It
is believed that regional basinal analysis such as that
undertaken in this study is essential for making such
interpretations. .

LOCATION AND EXTENT OF STUDY AREA

The study area, which covers all Nsuze Group exposures,

extends southwards from southern Swaziland to northern
Natal as a zone about 100 km wide (east-west}) and 250 km
long {north-south) (Fig. 1.1). Several Nsuze oubcrop
domains are recognised. Each domain is defined by specific:
structural and outcrop patterns.

Northwestern Domain

This domain hosts the thickest known sequence of Nsuze
Group strata and includes inliers near Amsterdam, the
Hartland Basin area (east of Paulpietersburg), an area
east of "Piet Retief and another 1in southwestern
Swaziland (Fig. 1.1). This domain is characterized by
large open synclines with the Nsuze Group
unconformably overlain by the Mozaan Group.

Northeastern Domain

This domain includes Nsuze Group strata west of Magudu

(Fig. 1.1). Strata have been deformed 1into an
anticlinal structure and have been intruded by post-
Pongola granites. The granites have left a

significant contact metamorphic imprint on the Nsuze
succession in this area.



FIGURE LI MAP SHov?iaNG THE LOCATION OF
THE STUDY AREA (A) AND THE DISTRIBUTION
OF THE PONGOLA SUPERGROUP
AND ASSOCIATED INTRUSIVE ROCKS(B).
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FORMATIONS

MAGUDU

AMSTERDAM ‘ PIET RETIEF-HARTLAND ! VRYHEID~ HARTLAND W HARTLAND E WHITE MOFOLOZI NKANDLA |
GROUP AREA AREA l PIET {LINSTRoM 1987) | (LINSTRoM 1987) {LINSTRoM 1887) AREA AREA ;
(SACS 1980) | (BEUKES AND CAIRNCROSS 1981) | RETIEF AREA (= Ga! (<) (SACS 1980) {SACS 1980} |
] {SACS 1980)
INtanyana | h
Nkoneni IGubola _], Nkoneni Nkenanl Nkonen
: Subgroup -Eﬂgaspocrt
] Khishunyswa Odwalenl M
Odwalen] Lubanjana
Subgroup Dalfkom ! i Mpushana
Hlashana ] Hlashana Mhkyaya
iMozaan .
' Group Thaly Ceba Mkuzane
Dwaalhoek Thalu Langforteln
Subgroup [ Qwasha
Redcliff Ntombe Ntembe Mapunga
] Singenl
Skurwerant Singent Mandova
Ozwaha :
Czwana Reodewal Take iMankane |
i Vutshini
Bivana {not mapped) Bivana Bivane Bivane Qudani
: Mdlelanga
Nsuze | Msukane
Group Dlaba
Mantonge {not mapped) Mantonga  Mantonga Chobeni Mome
; Mabeleni
Thambeni
Nhlekela Hiathin!
Bomvu

NOTE: Units of Nkandla area not corralated with other areas above tha basal tectonic contact of the Mdlelanga Formation.

FIGURE 1.2;: PONGOLA SUPERGROUP PROVISIONAL CORRELATION OF STRATIGRAPHIC NOMENCLATURE {(FROM WATKEYS, PERS. COM., 1993)
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Central Dcomain

The White Mfolozi and Black Mfclozi Rivers have
incised through thick Karce cover in the Central
Domain to expose several isolated Pongola“inliers. The
largest two are known as the White Mfolozi and
Mpongoza  inliers . {(fig. 1.1). A system of
southwesterly-ctilted fault blocks, comprising basement
overlain unconformably by Pongola strata (Matthews,
1990), is apparent in this demain. The Nsuze Group is
overlain, with a marked angular unconformity, by the
Mozaan Group.

Southern Dcmain

This domain includes several inliers of deformed Nsuze
Group strata, including the Central Synform (west of

‘Nkandla), the Mhlatuze River inlier (north-east of

Nkandla) and the Buffalo River inlier -{south of
Dundee}. The domain is geographically adjacent to the
Natal thrust front (at the socuthern edge of the
Kaapvaal craton), which has contributed to the
structural deformation of the sequence.

Access to exposures in the study area 1is through a
network of primary roads, farm roads and tracks. The
best exposures are usually confined to teopographically
rugged river and stream courses, Most

‘lithostratigraphic profiles were measured along such

river or stream sections.

PREVIOUS WORK

Previous work on the Nsuze Group will be summarized briefly
under the various gecgraphical domains.

Northwestern and Northeastern Domains

Most work to date has been done in the northwestern
domain. The earliest recorded work on the Nsuze Group
in this domain dates back to regional reconnaissance
surveys carried out in 1898 by Molengraaf (1902).

Humphrev (1912) described two formations in the south-
eastern Transvaal as the lower and upper Pongela
Series, the lower consisting of bands of guartzite
and phyllite separated by lavas of intermediate and
basic composition and the upper of gquartzite and
shales. Du Toit (19231) eqgquated the lower Pongola
Series of Humphrey {1912} with the Insuzi Series.



-6-

Humphrey and Krige (1931) described the Insuzl Series
in the Paulpietersburg and Piet Retief areas as
comprising a thick basal quartzite successicn overlain
by predominantly andesitic lavas (with acid and wore
basic varieties as rare occurrences). Humphrey and
Krige (1931) suggested that the Nguze-Mozaan contact
could be both unconformable or conformable, depending
on the locality, and also noted that the Nsuze rocks
to the .east had been assimilated by younger granite.

ruter (1950) applied the term Insuzi Series to
incorporate all the rocks of the lower Pongola Series.
He referred to the predominantly sedimentary upper
Pongola unit as the Mozaan Series. Subsequently the
rterm Insuzi was changed to Nsuze and given group
status (SACS, 1880).

The Swaziland Geclogical Survey began reconnaissance
mapping of the Pongola rocks in Swaziland during 1246
(Mehliss, 1861) . Hunter {1961} described the
occurrence of andesitic lavas and minor felsic
volcanics within the Nsuze Group in Swaziland,

Davies et al., (1964) described the economic potential
-0of a number of small pyrophyllite deposits within the
Nsuze Group in Swaziland. Matthews and Scharrex
{1968) described a graded unconformity north-east of
Paulpietersburg where granitic rocks pass
gradationally upwards into a zone of structureless
gritty argillaceous rocks, which is in turn overlain
by stratified Nsuze sediments.

Mapping by van Vuuren (1965) near Amsterdam has shown
the Pongela Supergroup to be partially preserved in a
synclinal trough. 1In this area the Nsuze Group lavas
and sediments were shown to be dismembered by the
intrusicn of the Usushwana Cemplex.

Hammerbeck (1977), who concentrated on the Usushwana
Complex in southeastern Transvaal, described the
basaltic and andesitic rocks of the Nsuze Group in the
Amsterdam - Piet Retief area and suggested that the
acid lavas and pyroclastics here are extrusive phases
of the Ushushwana Complex. This suggestion has becn
questioned by Armstrong (1980) and Hatfield (19%0) .

Watchorn and AfmstrOng {1980} described the arenaceous
sediments at the base of the Nsuze Group in the
Paulpietersburg region, suggesting deposition in a
distal Dbraided stream environment which derive
sediment from a granitic source located to the west.



The first detailed lithostratigraphic study and
sedimentological. analysis of the Nsuze Group in

‘Hartland Basin area was made by Armstrong (1980). He

mapped an area in the wvicinity of the Pongola and
Bivane Rivers 1in northern Natal and southeastern
Transvaal. The Nsuze Group is subdivided into a lower
sedimentary-volcanic unit, a middle volcanic unit with
minoy intercalations of volcaniclastic and sedimentary
rocks, and an upper volcaniclastic - sedimentary unit
(Armstrong et al., 1982).

The geology and structure of the Pongola Supergroup
east of Piet Retief was described by Hatfield (1990).
He recognised, within the Nsuze Group, a Dbasal
sedimentary unit overlain by a felsic volcanic unit
which is separated from an uppermost unit of andesitic
and minor basaltic andesites by a pyroclastic
volcaniclastic unit.

.Recent work done in the northeastern domain by the

Geological Survey, as part of their broad scale
regional mapping programme, was reported in the 1588
edition of the Vryheid 2730 1:250 000 geological map
by Linstrdm (1987a).

Central Domain

The Nsuze Group in the White Mfolozi inlier was
described by Matthews (1967) as two basaltic volcanic
units separated by a sequence of banded shale and
quartzitic dolomite. Matthews (1967} and SACS (1580)
describe the overall succession here in some detail.
Resting with an unconformable c¢ontact on granitic
basement, the Nsuze Group comprises six formations
(SACS, 1980) with a total thickness probably exceeding
3500 m (Linstrdm 1987b) .

Biogenic stromatolite structures occurring. within
White Mfolozi inlier carbonates were documented by
Von Erunn and Mason (1977), Mason and von Brunn {(1977)
and Beukes and Lowe (1989).

Von Brunn (1974) described a succession of alternating
argillaceous and arenaceous sedimentary rocks in the
Mpongoza inlier. Von Brunn and Hobday (1976)
discussed the sedimentary sequences of the White
Mfolozi and Mpongoza inlier suggesting that they were
deposited in a predominantly shallow wmarine, tidal
flat environment with temporary influxes of fluvial
sediments.
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The Mpongoza inlier has been studied in detail by
Preston (1987} who recognised a lower 2560 m thick
volcanic unit, a 260 wm thick middle <clastic
sedimentary unit and an 720 m thick upper volcanic
unit.

Southern Domain

Du Toit (1931) proposed a six-fold subdivision of the
Nsuze Group into alternating gquartzite and volcanic
units, which he correlated with the lower Pongola
series recognised by Humphreys (1912} in the Utrecht-
Vryheld area.

Other early work on the Nsuze Group inliers around
Nkandla 1s restricted to a report by Hatch (1910), on
the mines and minerals of Natal, reference to the area
by Matthews, (1959) in a description of the post-
Ntingwe thrust belt and the unpublished mapping of

- Matthews (1979).

Matthews (1979, unpublished work cited in SACS, 1980),
proposed a subdivision of the Nsuze Group into nine

" formations. The lower five formations correspond to

units recognised by du Toit (1931). The upper four
formations are suggested to be unique to the Central
Nsuze synform.

'In the area studied by Groenewald (1984), centred

around the Central Nsuze synform, the stratigraphic
subdivisions of SACS ({1980) were used with the
addition of one new formational name. Groenewald
(1985) suggested a correlation between some of the
formations in the southern domain with those 1in the
northern and central domains.

The lithostratigraphy of the Pongola succession in the

-Buffaloc River gorge has been studied by Dixon.{1993).

He suggests a unique Nsuze-aged sequence in this area,
with no regional correlatives elsewhere.



OBJECTIVES AND METEODS

The wmain objective of this study was to. regionally re-
assess the 1lithostratigraphy of the Nsuze Group by
conducting detailed lithostratigraphic profiles across
carefully selected traverses throughout the ‘Nsuze—~basin.
Along each profile the inter-relationships and field
occurrences of the different Nsuze strata were recorded as
accurately as possible to assess the possibility of inter-
profile correlations, and ultimately to test the validity
of a single Nsuze stratigraphic column applicable to Nsuze
strata throughout the basin.

Mapping along each traverse was performed with the aid of
1:10 000 orthophotographs. These maps were then used in
constructing lithostratigraphic profiles. Various marker
units were ildentified. These formed the basis of the
correlations and enabled the recognition of lateral
variations within correlatable lithostratigraphic units.

Sedimentological amnalysis of sedimentary strata was
undertaken to identify the major environments of deposition
throughout the basin. Sedimentary structures are usually
very well preserved and only cccasicnally are they obscured
by metamorphic or structural overprints.

A study of the petrography of selected wvolcanic and
sedimentary rock samples was undertaken to gain scme
understanding of the mineral assemblages, textural features
and the effect of post-depositicnal structural and
metamorphic alteration.

A comprehensive literature study was undertaken to relate
previous work done to the data generated in this study, and
to incorporate all previous locally-derived data in the
construction of the new regional Nsuze framework.

Stratigraphic samples of Nsure sedimentary rocks and lava
(a total of 112 samples), from the entire field area, were
submitted for major, minor and trace element analysis by X-
ray ﬁluorescence to establish the nature and extent of the
chemical variations in these rocks. Ceochemical data from
the lavas provide the basis for discussion of magma type,

tectonic setting and petrogenesis. Geochemical data from
this study are combined with data from other studies anc
are used Iin waking geochemical interpretations. 21l

available Nsuze geochemical data are documented in this
study. It 1s hoped that this could serve as a database for
future studies.
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Basic field work on the Nsuze Group again emphasized the
structural complexities associated with the Pongola
Supergroup. This fzactor was carefully considered during -
lithostratigraphic studies. Structural complexities were
recorded and taken into account 1in construction of the
lithostratigraphic profiles. It is hoped that the
lithostratigraphic knowledge gained during this study can
further help unravel the structural complexities in the
sequence. This study has revealed that major structural
'‘deformation is largely confined to fault and shear zones.
However, within fault and shear zone-bounded blocks,
lithostratigraphic sequences and sedimentary structures are
cften perfectly preserved. Lithostratigraphic profiles
were mzasured within such ‘undeformed’ fault blocks.

Beukes and Cairncross (1991) have suggested a regional
correlation between the overlying lower Mozaan Group and
the West Rand Group in the Witwatersrand basin. The West
Rand Group is underlain by the Dominion Group and similar
age constraints between the Nsuze and Dominion Groups have
suggested a possible correlation between these two groups.
This possibility is further investigated in this study.
The type profile of the Dominion Group was studied in order
to be able to do such a comparison.

This study serves as a summary of the current status of our
knowledge of the stratigraphy and depositional environment

of the Nsuze Group. A new map of the Nsuze Group is
supplied illustrating regional correlations and the new
stratigraphic nomenclature; summarizing the results of

this study.
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CHAPTER 2 REGTIONAL GEQLOGY AND LITHOSTEATIGRAPHIC SUB-
DIVISION:

-2.1 INTRODUCTION

In this chapter a summary description will be given of a
composite prefile constructed for the Nsuze Group compiled
from stratigraphic data f£rom the lithostratigraphic
profiles traversed in this study. The-lateral and vertical
relationships between these major lithostraphic units will
be discussed. In addition to profiles from this study,
reference will be made of seguences in the llpongoza inlier
(as reported by Prestcon, 1987) and from a study east of
Piet Retief (as reported by Hatfield, 1890). An
interesting core intersection from a drillihole near Naqutu,
northern Natal, will be referred to, with reference to it's

possible correlation with the ©Nsuze Group. Each
lithostratigraphic profile is briefly discussed in chapter
3 . - -

Ultimately -the correlations L :tween the profiles will be
"shown and a new regicnally-applicable HNsuze  Group
stratigraphic - nomenclature proposed. More detailed
discussion of the newly proposed formations follows in
chapter 4, where type profiles for each formation will be
discussed with reference to lateral variations within the
formation.

Mgntibn will also be made in this chapter of those

lithologies directly associated with the Nsuze Group viz.:

i, Pre-Nsuze lithologies, constituting the basemené Lo
the Nsuze Group and

ii.” Post-Nsuze granitic and mafic intrusives. Younger
intrusive 1lithologies, particulary pre-Karoo mafic
dykes and post-Karoo doleritic intrusives will not b=
discussed here, although their intrusive positions and
thicknesses are demarcated on each lithostratigraphic
profile.

2.2 PRE-NSUZE GROUP LITHOLOGIES

Early Archaean, pre-Nsuze Group basement largely comprises
an assemblage of granitoids in which are preserved remnants
0of metavolcanic/metasedimentary  supracrustals with
greenstone affinities (distribution shown 1in Fig. 1.1}.
Studies in the eastern Transvaal and Swaziland on a wide
range of granitic rock types (Hunter 1857, 1870, 1973 and
1979 and Wilson 1982} have emphasized the complexity of
this pre-Nsuze granitic terrane with no consensus on tChe
regicnal correlation of these rocks.



Five lithologically and geographically distinct Archaean,
supracrustal sequences have been recognised by the Archaean
Research . Group at the University of Natal at
Pietermaritzburg {Hunter and Wilson, 1988} in the basement
of the Nsuze Group. These sequences, with greenstone belt

affinities, are:~

a. the Dwalile metamorphic suite,

b. the Assegaai.supracrustal suite;

c.- the De Kraalen remnant,

d. the Commondale supracrustal suite and

é. thg Nondweni supracrustal suite.

Sequencesh(a) - (@) outcrop in the northern domain while

sequence (e} occurs in the central and southern domains.

A main component of the post-greenstone early Archaean
granitoids’ are hornblende tonalites and leucocratic

‘tonalites which represent some of the cldest phases of
. granite activity in the study area (Anhausser and Robb,

1981).

A widespread intrusion of granites occurred at + 3,1 Ga,
represented by the multiphase Lochiel (Mpuluzi) batholith,
which essentially cratonised the previously mobile eastern
prart of the Kaapvaal area {(Anhaeusser and Robb, 1981).
According to Weilers (1990} the Pongola seguence was
deposited in a basin on the eastern flank of the Lochiel

. batheolith after intrusion of the batholith.

2.3

2.3.1

Recent single zircon U-Pb dating of the Lochiel (Mpuluzi)
granite in Swaziland by KXamo et al (1990), vyield a
radiometric age of 3107 + 4 Ma. The Nsuze Group must thus
be younger than this. :

POST-NSUZE GROUP INTRUSIVES
Ultramafic and mafic intrusions

Subsequent to Pongola volcanism and sedimentation, thr
stratigraphically lowest formations of the northern
outcrops of the Nsuze Group were intruded by magmas of
primarily ultramafic and mafic composition. Hunter
{1550) first recognised these intrusive rocks in the
vicinity of the Usushwana River in southwestern
Swaziland. The intrusive suite, which comprises
gabbros, quartz gabbros, quartz-diorites, granophyres,
grancdiorites and microgranites (Armstrong, 1980} has
been termed the Usushwana Complex {(Hunter, 1850}. It
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is récognised in the area from east of Paulpietersburg
to west of Mbabane and even north of Amsterdam in the
Transvaal (distribution shown in Map 1).

_The Nsuze Group in the southern domain, particulary in
the Nkandla area, has been intruded by a series of
differentiated sills, each comprising alternating
layers of peridotite, pyroxenite, olivine gabbronorite
and gabbro. These intrusives, which predate the main
penetrative deformation event here {related to the
~ 1000 Ma Natal tectonothermal event), are allocated
to the Hlagothi Suite (Groenewald, 19B4).

.2 Post-Nauze Gfanitoidé

Granitoids, of primarily potassic composition, intrude
the northern outcrops of the Pongola Supergroup in
southeastern Transvaal, northern Natal and in southern
Swaziland - (distributién shown in- Map 1). These
granitoids were emplaced as gneiss domes, tabular
bodies and discordant plutons (Hunter and Wilson,
1988). Hunter and Wilson (1988) suggest that these
granitoids were emplaced towards the centre cf the
Pongola = depo-basin, possibly representing
crystallization products of magmas generated by
partial melting of the sialic basement tc the Pongola
Supergroup. This suggestion could explain the poorly-
constrained Rb/Sr isotopic data for these granites
which yield only errorchrons {Barton et al., 1988).

The' post-Nsuze granitoids are described 'in detail by
Matthews (1985}, Robb and Meyer (1991), Wilson and
Jacksen (1988), and Anhaeusser and Robb (1981).
Matthews (1985} stresses the need for additional
studies on the late-stage graniteid plutons in the
area covered by this study. A study of the
deformational and contact - metamorphic effects of
these late-stage granitoids on Pongola-age strata
would be of particular significance. )

COMPOSITE PROFILE OF THE NSUZE GROUP

During this study it was found that a number of localities
exist from which the regional stratigraphy of the Nsuze
Group can be understood. The basic ingredient to
understanding the regional stratigraphy was the
construction of a regional Nsuze Group outcrop map on a
scale of 1:250 000. This map (Map 1) was constructed from
data generated in this study combined with existing larger
scale Nsuze maps published by other workers. Another vital

ingredient in understanding the regional stratigraphy was

the recognition of profiles that could be wused as
"reference" profiles containing characteristic key rock
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units essential for regicnal correlations.

The lithostratigraphic profiles constructed during this
study (combined with stratigraphic data described by
Preston, 1987 and Hatfield, 1990) are summarized in Map 2.
The recognition of "reference" profiles within Map 2 and
the mapping of correlatable unmistakable key units within
these profiles has enabled the establishment of a new
stratigraphic nomenclature for the Nsuze Group. This new
nomenclature is illustrated in Fig. 2.1. It displays an
idealised  "complete" Nsuze Group succession and indicates
type areas for each lithostratigraphic unit.

Lithostratigraphic studies acress the Nsuze basin have
shown the Nsuze Group to be composed of several regionally
correlatable lithostratigraphic units. In many cases it
was merely necessary to combine all existing data on a
regional map of the Nsuze Group to recognise the major
" lithostratigraphic units which can be traced over very wide
areas (refer to Map 2). -The general "lithostratigraphic
subdivision constructed in this way can be summarized as
fellows:

a)l A Dbasal sedimentary unit composed primarily of
quartzite, with subordinate shale, diamictite and
conglomerate (Fig. 2.1). This unit has been termed
the Mantonga Formation after Matthews (1579). The
type locality for the Mantonga Formation is the farm
Mantonga 44 HU in the Western Eartland basin
{traversed in profile 7, Map 2}.

b) A lower dominantly mafic amygdaloidal lava, termed the
Pypklipberg Formation after Armstrong (1980) (Fig.
2.1) . The type locality for the Pypklipberg Formation
1s the farm Pypklipberg in the western part of the
Hartland basin. (traversed in profile 7, Map 2).

c) A middle sedimentary unit composed mainly of gquartzite
and shale with subordinate siltstone, diamictite and
a characteristic regional carbonate marker bed. It
has been named the White Mfolozi Formation (Fig. 2.1)
after of the excellent exposures in the White Mfolozi

River gorge (traversed in profile 5, Map 2). The
garbonate marker bed has been given Member status and
1g termed the Chobeni Member. Matthews (1967)

introduced the term Chobeni as a formation name for
the carbonate-bearing unit, named after a hill on the
farm Welgevonden 527 in the White Mfolozi River
valley.
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‘A middle lava unit, within which a shale-rich sub-unit

is developed, in the northern domains. The lava unit
igs termed the Agatha Formation (Fig. 2.1) after
excellent exposures along the Agatha stream in the
Western Hartland basin {traversed in profile 7, Map
2). The shale unit is accorded Member status and is
named the Ntambo Member. The type locality for this
member is along the Ntambo River in southwestern
Swaziland (traversed in profile 9, Map 2}. The
Pypklipberg lavas, the White Mfolozi - Formation
sedimentary rocks and the Agatha lavas are grouped
into the Bivane Subgroup {(Fig. 2.1). The Bivane, as
a stratigraphic term, was originally introduced by
Matthews (1979} as a formation name for a successiocon
of lavas in the Western Hartland basin. The name is
derived from the Bivane River, east of
Paulpietersburg.

An upper sedimentary unit which comprises a basal
largely arenaceous Vutshini / Langfontein Formation
and. an overlying largely argillaceous Mkuzana
Formation (Fig. 2.1). ‘These two formations are very
well developed in particulary the northeastexn domain
{(Magudu area) and together comprise the Mfenyana
Subgroup (Fig. 2.1). The base of the
Vutshini/Langfontein Formation is characterised by a
laterally extensive sedimentary / volcaniclastic unit
termed the Roodewal Member (Map 2} which 1is well
developed in the Western Hartland basin. The Vutshini
Formation is the southern correlate of the Langfontein
Formation. The term Langfontein was introduced as a
formation name in the Magudu area by Linstrdm (1987).
The Vutshini, as a formation name was introduced by
Matthews (1979) after the Vutshini River, which is a
tributary of the Nsuze River in the Nkandla area
{traversed in profile 3, Map 2). The Roodewal Member
was originally proposed as a group by Armstrong
{1980), after well preserved volcaniclastics in the
Western Hartland basin. The Mkuzana Formation was
originally introduced by Linstrém (1987 a), after
well-preserved exposures west of Magudu. Both the
Langfontein and Mkuzana Formations are well preserved
along the Mfenyana River west of Magudu, hence the
origin of the term Mfenyana Subgroup (traversed in
profile 11, Map 2).

An upper lava unit, which is only preserved at the top
of the Central Synform in the Nkandla area, termed the

Ekombe Formation (Fig. 2.1). This stratigraphic name
was introduced by Groenewald (1984}, after mapping in
the Central Synform. This unit was traversed in

profile 3 {(Map 2).
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g} An interesting diamictitic unit was recorded in the
gouthern domain {see distribution in Map 1). This
unit has its type locality near Nzimini store, close
to the town of Ngutu, hence the name Nzimini
Formation. -Tue stratlgraphic position of this
formation is uncertain (Map 27 .

The general stratigraphic cclumn of the Nsuze Group
discussed above can essentially be uUnderstood by paying
special attenticn to three "type" areas viz.:

a) the White Mfolozi River inlier;
b) the Western Hartland basin area and
c) the Magudu area.

When combined, stratigraphic profiles in these three areas
give the idealized "type" profile for the Nsuze Group
{profiles S, 7 and 11 in Map 2).

The White Mfolozi inlier provides an excellent recorxd of
the succession from the basal Mantonga Formation, which
rests unconformably on granitic basement, to the Zgatha
Formation. The latter is unconformably overlain by Mozaan
Group sediments, so that the upper formations are missing
here. An important marker unit in the White Mfolozi inlier
is the Chebeni Carbonate Member which outcrops widely in
the southern and central domains. The profile from the
western Hartland basin provides the most completse,
continuous record of the Nsuze seguence preserved anywhere,
recording the succession from the basal Mantonga Formation
to the Langfontein / Vutshini Formation near the top. O0F
local significance are the well-preserved argillacecous
Ntambo Member and volcaniclastic Roodewal Member here.
Record of the upper Langfontein / Vutshini and Mkuzanz
rormations is best preserved in the Magudu area. The only
formation not preserved in these three "type' areas is the
upper volcanic Ekombe Formation, which is only preserved in
the Nkandla area (Fig. 2.1 and Map 10 a).
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The other areas where profiles were traversed (such as the
Amsterdam area and southwestern Swaziland) in the northern
and central domains provide information on lateral
variations in the formations well represented by the above

three "type" areas.

The southern domain vyielded structurally-complex profile
areas. These are:

a) the Buffalo River inlier;
b) the Central Synform (Nkandla area) and
) the Mhlatuze River inlier.

An insight into the broad regional Nsuze lithostratigraphy
gained from the combined three "type" areas has enabled
recognition of Nsuze Group units within those complex areas
and progress has been made in unravelling the structural
elements here. It was also found that structural
complexities are largely confined to fault and thrust
zones, with strata within fault blocks well preserved.

LATERAL DISTRIBUTION OF MAJOR ROCK TUNITS

The lateral distribution of major rock units (including the
components of the Nsuze Group and pre-and-post-Nsuze
lithologies} is illustrated on Map 1. The recognition of
Nsuze Group components throughout the Pongela basin has
highlighted major structural trends.

The lateral continuity of Nsuze formations between the
northern demains and the central domain is indicated on Map
1, with the HNsuze units in the VWhite Miclozi inlier being
a southward extension of those in the Hartland synform and
in southwestern Swaziland. The Nsuze lithologies in the
Amsterdam area form a detached structural basin, largely
cut by Usushwana intrusives (Map 1). The Nsuze units in
the southern domain are separated from those in the central
domain by pre-Pongola granites, and are structurally
complex. In the Nkandla area broad synformal structures
are recognised, while in the Buffalo River inlier a
refolded synformal structure is recognised (refer to
section 3.5).



Map 1 shows that Nsuze Group units are traceable over large
distances. The basal gquartzitic Mantonga Formation 1is
mampable over the entire study area, with maximum thickness
in the Hartland synform (Map 1). The velcanic Pypklipberg
Formation thins drastically to the south with maximum
exposed accumulation in the northwestern domain. The
Pypklipberg Formation is actually not developed in the
Buffalo River inlier area, with the White Mfolezi Formation
resting directly on the Mantonga Formation (Map 2). The
sedimentary White Mfolozi Formation is better developed in
the southern and central domains, thinning to a continuous
lenticular unit in the northwestern domain (Map 1}). The
diagneostic carbonate Chobeni Member is also only preserved
in southern and central domains with excellent exposures in
the wWhite Mfolozi and Buffalc PRiver inliers. Nsuze
formations above the Pypklipberg lavas in the Amsterdam
area have been removeo by the pre-Mozaan unconformity (Map
1) .

The volcanic Agatha Formation is well-developed throughout
the study area, even being recognised in the northeastern
domain (Magudu area) where 1t represents the lowermost
exposed unit {(Map 1). The argillaceous Ntambo Member is
‘only developed in the northern domains, especially in the
northwestern domain, where it forms a latevally continuous
unit extending northwards from southeast of Paulpietersburg
to southeast o©of Mankaiana in southwestern Swaziland (iap
1}.  The Langfontein/Vutshini Formation is exposed
throughout the study area, with maximum preservation in the
Magudu area and in the Nkandla area. The preserved
thickness of the Langfontein/Vutshini Formation 1s largely
controlled by the Mozaan unconformitcy. The unitc was
removed by erosion in the White Mfolozi inlier prior to
deposition of the Mozaan GCroup. The wolcaniclastic

Roodewal Member, which forms the base of the Larofontelh J
Vetshini Formation, has only been recognised in ¢
Hartland synform, southwestern Swaziland and the Bufif
River inlier. The argillaceous Mkuzane Formation is or
preserved in the Magudu area (Map 1). The upperm
preserved unit of the Nsuze Group, the volcanic Ekom
Formation is only preserved in the Nkandla area (Map

The enigmatic wvolcaniclastic Noimini formation is or
preserved in the southern domain, forming an lipti

outcrop pattern between the Buffazlo River inller and
Nkandla arsa (Map 1} .
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CHAPTER 3: GEOLOGY AND NSUZE LITHOSTRATIGRAPHIC SUBDIVISIONS IN

EACH

DOMATIN AND REGIONAL CORRELATION

3.1

3.2.1%

3.2.1

INTRODUCTION

The geology of each area where lithostratigraphic profiles
were measured will be briefly discussed in this section.
in addition a simple lithostratigraphic subdivision for
each domain will be presented. “Lastly & regional
correlation will be given.

NORTHWESTEERN DOMAIN
Hartland Synform
.1 Geology

The thickest succession of Nsuze strata crops out in
the area north of Vryheid and east of Paulpietersburg
- (Figure 1 and Map 1). Detailed mapping by Watchorn
(1978) has revealed two structural basins, one in the
northeast called the Piensrand "basin" and another in
the southwest termed the Hartland "basin". In this
study, the term "synform" ig preferred to "basin" and
will be applied. The two synforms are separated by a
faulted antiform known as the Altona antiform
{(Matthews, 19%8Q0).

The Nsuze Group 1is exposed on the gently dipping
.western limb of the southeasterly-plunging Western
Hartland synform. A simplified geological map of the
area between. the Bivane and White Rivers, on tne
vestern part of the Hartland synform, modified from
Humphrey (1912) and Armstrong (1980), is presented in
Map 3a. Geological mapping in this area is hinder=d
by the scarcity of suitable outcrop. Conseqguently a
composite profile was constructed across the area frow
carefully selected outcrop areas, usually along stream
or river sections.

The components o©f the composite profile provides
more realistic summary of the lithostratigraph
package here., The sedimentary units mapped out
"lenticular" units within the thick lava pile,

suggested to be continucus, defining mappable

correlatable stratigraphic units.
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Lithostratigraphy

The composite thickness of the Nsuze seguence in this
area is about 4 570 m (this contrasts with the 8 000

.ra thickness documented by Armstrong, 1980, which

possibly  included duplicated portions of the

. succession). The lithostratigraphic subdivision, as

proposed by Linstrém (1987), 1s compared with the
regiconally~applicable nomenclatuxe proposed in this

study for the composite profile, as shown in Map 3b.

The basal Mantonga . Formation overlies granitoid
basement with a graded unconformity {as reported by
Matthews and Scharrer, 1968). The Mantonga Formation

~along the Mantonga River traverse is about 800 m thick

and comprises chiefly of quartzite, guartz-wacke and
occasional arkosic arenite. The lower part of the
formation is characterised by thin conglomeratic beds,
while argillaceous units are occasionally interbedded.
Diamictitic units, of possible volcanic origis? are
developed throughout the formation. Arxmstrong (1980)
records a + 300 m thick discordant unit of basaltic
volcanic rocks with a thin arenaceous base towards the
nerth of the area shown in Map 3 a. He suggests that
this reflects an early depositional phase of the Nsuue
Group. The exact relationship of this unit {(termed
the Wagendrift Formation by armstrong (1980)) to the
fantonga Formation 1s uncertain. The Wagendrifc
Formation is dislogged from the main outcrop area of
Nsuze strata by the Usushwana Complex. It may thus
merely represent a faulted fragment of the lower part
of the Pypklipberg Formation.

The Pypklipberg Formation, as traversed along the
Mantonga River and White River profiles, comprises
sequence of wafic lavas including basalts, basaltl
andesites and andesites, some 1 500 m thick. It 1
not possible without geochemical data to distinguis:
between these different types of lava in the field.

worn oW

e}

Llong the Nkemba traverse a 230 m thick succession cf
sedimentary rocks, composed of guartzite, wacke, shale
and subordinate diamictite and gritsteone, are pressnc
at the tep of the Pypklipberg Formation ({(Map 3 ail.
The centact with the overlying lavas is faulted. This
sedimentary unit is correlated with the White Mfolc:i
Formation, Dbearing Jlithostratigraphic similarities
with the type area in the White Mfolozi inlier.
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The Agatha Formation, as traversed along the White
River and Agatha stream profiles, comprises an
approximately 1 700 m thick pile of altered and
occasionally amygdaloidal basalt, basaltic andesite,
andesite, dacite and even rhyolites (Armstrong, 1980} .
Within the Agatha Formation, a persistent, but poorly
exposed argillaceous unit, is developed. This unit,
which is about 20 m thick along the Balmoral profile,
comprises phyllitic shale overlain by an erratically-
developed thin agglomerate. It represents a
regionally mappable unit over a wide area, and 1is
correlated with the Ntambo Member (with its type
section in southwestern Swaziland (Map 6 a).

The top cf the Nsuze Group in the Hartland synform is
formed by an almost 200 m thick sequence of wackestone
and argillite underlain by volcanic sandstone and
volcanogenic conglomerate in the Ntombe River traverse

(Map 3 a). The basal volcaniclastic unit is defined
as the Roodewal Member, which locally forms the base
of the Langfontein/Vutshini Formation. (type area in

the Magudu area).
Am~terdam Area
Geology

Mapping by van Vuuren (1965) near amsterdam indicated
that part ¢f the Pongola Supergroup is preserved in a

synclinal structure {(Map 4 a). The -central axial
region of ‘the structure is covered largely by Karoo
strata. The Mozaan and Nsuze Groups -have been
intruded and dismembered by mafic to ultramafic
intrusives of the Usushwana Complex (Map 4 a). The

'northwest ~-trending synclinal structure in the Pongola

strata is outlined in map 9{(a), with dips rarely
exceeding 30°.

Lithostratigraphy

2 lithostratigraphic profile of the Nsuze Group was
measured on the farm Merriekloof 420 IT (Map 4 aJ.
The simplified lithostratigraphic succession
encountered along this traverse is shown in Map 4 b.
The sequence is some 1 950 m thick in total.
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The contact between the basement granite and -the
overlying Mantonga Formation 1s not expesed. The
Mantonga Formation is about 365 m thick and comprises
chiefly quartzites, with intercalations of siltstone
and wackestone and subordinate shale and conglomerate.
Thin {(+ 5 m thick) diamictitic units, o¢f possible
volcaniclastic origin, are also present. Van Vuuren
(1965) reports basaltic lava of some 30 m thick in the
Mantonga Formation in the southwestern porticn of the
area.

The Mantonga Formation is coverlain by a pile of mafic,
commonly amygdaloidal, lava some 1 585 wm thick. This
lava unit 1is correlated with the Pypklipberg
Formation. The lavas are intruded by soma coarse-
grained wmafic sills correlated with the Usushwana
Complex (Map 4 b).

The Mozaan Group rests unconfermably on the

-Pypklipberg Formation. This indicates that all the
~upper units of the Nsuze Group have been removed by

erosion prior to deposition of the Mozaan Group.

Area East of Piet Retief’

Geclogy

Hatfield (1890) wapped and described attenuated
Pengela sSupergroup strata east of Piet Retief in the
southeastern Transvaal, immediately adjacent to the

Swaziland border. He essentially examined the
development of a northwesterly-striking foliation in
this area, which contrasts sharply with the

northeasterly strike which predominates in Nsu:ze
lithologies 1in northern Natal and southwestern
Swaziland. However he also described the
lithostratigraphy of the Nsuze Group. Hatrfield’s
{1990) lithostratigraphic sequence compares well with
adjacent profiles from this study. Nsuze Group
lithostratigraphic subdivisicens for the profile
described by Hatfield (1950} is shown in Map 5.

Lithostratigraphy

A total thickness of zbout 4 000 m of Nsuze strata i
exposed in Hatfield’s (1980} study area. The base
the seguence 1is intruded by granophyres .of =t
Usushwana Complex. The seguence 1is unconformabl
overlain by the Mozaan Group {Map 5).
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The basal sedimentary unit is discontinuous and
disrupted by the Usushwana Complex. This unit,
considered a correlative of the White Mfolozi
Formation, attains a maximum thickness of 100 m and
comprises quartz wacke with subordinate argillite and
tuff. The White Mfolozi Formation here is clearly a
northern extension ¢f this formation in the Hartland
synform, with the lower formations being intruded by
the Usushwana Complex (Map 1) . However Hatfield (1950)
correlated this wunit with the Mantonga Formation.
Inspection of the regional wmap {Map 1) clearly
indicates that this 1s not the case. The White
Mfolozi Formation is overlain by about 2 300 m of
felsic lavas with subordinate intercalations of highly
weathered pyroclastic beds. - The felsic lavas are
reported to be rhyolitic with minor dacitic £lows
{Hatfield, 1990) which suggests correlation with the
lower part of the Agatha Formation.

The Agatha felsites are overlain by a 300 m thick
successicn dominated by pyroclastic rocks. This
succession, which is ascribed te the Ntambo Member of
the Agatha Formation, separates underlying felsic
volcanics from overlying andesitic lavas. Although
highly variable in stratigraphy, the lower part of the
‘Ntambo Member is represented by argillites overlain by
a succession of tuffs with minor agglomerate. The
upper part of the Ntambo Member is dominated by tuffs
with interbedded argillites and suboxrdinate
heterolithic sediments and agglomerates {Map £). The
uppermost agglomerate reaches a thickness of about Sm.

t 1s noteworthy that the Ntambo Member contains less
volcaniclastic beds towards socuthwestern Swaziland
being more argillaceous there. Subordinate lava flows
occur within the Ntambo Member.

The upper part of the Agatha Formation is composed of
a monotonous sequence of andesitic lavas with minor
interbeds of basaltic andesites and basalts {(Map 5).
The lavas become more amygdaloidal towards the top cf
the unit, which is some 1 200 m thick. The Rgatha
Formation is overlain by a 50 m thick zone of volcanic
breccias and tuffs intercalated with siltstone
mudstone. This unit correlates with the lower part
the Langfontein Formation, with the volcanic breccis
being a possible correlative of the Roodewal Membe
{Map 1).
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"Southwestern Swaziland

Geology

Nsuze strata outcrop around Mahlangatsha in
southwestern Swaziland. The outcrops are referred to
as the Mahlangatsha Belt (Hunter, 1961). The Nsuze
Group 1is intruded by rocks of the Usushwana Complex
and are unconformably overlain By the Mozaan Group.
It was difficult to construct a good profile because
of poor outcrop and severe tectonic deformation in
some areas, especially towards the north. However a
lithostratigraphic profile was measured {(Map 6 b)
across the entire sequence about 10 km north of Gege
(Map 6 a).

Lithostratigraphy

The isuze sequence is some 1 100 m thick in the area
{(Map €6 b). A xenolithic fragment of quartzite wit
mincr phyllite, ocutcrops in the Usushwana Complex
north of Mahlangatsha. This unit is possibly a

correlative of the White Mfolozi Formation {(Map 6 a).
The Nsuze strata along profile line A - B in Map 6 2
are situated stratigraphically above the White Mfolozi
Formation (Map 6 b). N
The lower part of the Nsuze Group is composed of
tectonised felsic lavas which are some 170 m thick.
The felsites are overlain by the Ntambo Member, which
is some 150 m thick here and consists of phyllitic
argillites with occasional pyrophyllite deposits.
Andesitic lava and a discontinuous agglomerate bed are
developed in the middle part of the Ntambo succession.
{Map 6 b). Thin quartzite beds occur near the top of
the Ntambo Member,

The Ntambo Member is overlain by andesitic
amygdaloidal lavas of the Agatha Formation which are

some 780 m thick here. The Agatha Formation is
overlain by an approximately 100 m thick sedimentary
unit composed of coarse-grained, sometimes

conglomeratic quartzite with intercalated shale and
vwackestone. The sedimentary sequence is composed of
three gquartzite and two shale beds, correlated with
tne lower part of the Langfontein Formation (Map 6 b).
This sedimentary unit was considered part of the
Mozaan Group by Hunter (1961). The sedimentary unic
1s, however, discordantly overstepped by the basal
Singeni quartzite of the Mozaan Group (Nelson, pers.
com., 19%4) and is therefore considered part of ¢
Langfontein Formation of the Nsuze Group.

L]
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NORTHEASTERN DOMAIN (MAGUDU AREA)

Geology

| Pongola strata have been deformed into a doubly-

plunging anticlinal structure to the west of Magudu
{Map 7 a). Strata dip in general to the east and to
the south. The western limb of the anticline has been
intruded by discordant post-Pongola granites (Spekboom
granite, after Matthews, 1985). -The eastern part of
the structure is faulted down against the post-Karoo
Koppie Alleen fault (Map 7 a)l.

Although large parts of the Pongela Supergroup are
Karoo-covered, several major rivers crosscut the area,

“resulting in excellent exposures as Pongola strata in

river wvalleys (Map 7 a). Two lithostratigraphic
profiles were measured in the area namely :-

a) along the Hohobo River in the north and

b} along the Mfenyana River in the south. (Map
7 a).

Lithostratigraphic data from the two profiles were
linked to produce a composite lithostratigraphic
profile for the Nsuze Group in the Magudu area (Map 7
b} .

The base of the Mozaan Group is formed by the Singeni
orthoguartzite sequence, previously known as the Mkaya
Formation (Nelson, pers. com., 1994). The sedimentary
units below that, named the Langfontein and Mkuzana
Formations, thus forms part of the Nsuze Group and not
part of the Mozaan Group as suggested by Linstrdm
(1987 a). This correlation is further supported by
the fact that lavas are present at the base of the
Langfontein Formation (Hohobo River profile) and these
can be correlated with the Agatha Formation (Map 7 b).

Sedimentary rocks of the Langfontein and Mkuzana
Formations have undergone contact metamorphism in
proximity to the post-Pongola intrusive Spekboom
granites, leading to the ©presence of abundant
andalusite hornfels in the area.



3.

Lithostratigraphy

The lowermost preserved units of the Nsuze Group in
the area, in contact with intrusive granite, comprises
a 600 m thick metavelcanic pile correlated with the

upper part of the Agatha Formation (Map 7 b). The
contact with the post-Pongela granitoids 1is not
exposed along the Hohobo River traverse. The basal
300 m of the -sequence, in close proximity to the
Spekboom . intrusive granite, appear felsic in

composition. It may, however, merely represent mafic
lavas that have been silicified by the intrusicon of
the granite. The felsic (silicified?) lavas are
overlain by & metapelite unit composed of biotite =+
ancdalusite =+ garnet-bearing schists and correlated
with the Ntambe Member of the Agatha Formation. The
Ntambo Member is in turn overlain by altered mafic
lavas (Map 7 b).

The Agatha Formation is overlain by a sequence of

metasediments some 2800 m thick (Map 7 b). These
rocks represent the Langfontein and Mkuzana Formations
described by Linstrdém (1987 aj. The Langfontein

Formation is much more arenaceous than the overlying
dominantly argillaceous Mkuzana Formation. Along the
Mfenyana River traverse the Langfontein Formation
consists of interbedded gquartzite, andalusite schist
and quartz-sericite schist with rare cordierite +
garnet-bearing schist. The Langfontein Formation 1is
about 1 400 m thick here.

The Mkuzana- Formation is about 1 450 m thick and
composed  mainly of interbedded cordierite and
andalusite schist. Thin interbeds of gquartzite and
quartz-sericite schist are present {Map 7 b). For
purposes of regional correlation, metapelite is shown
as shale and quartzite-sericite schist 28
wacke/siltstone on map 7 b.

This 18 the only area known in the whole of the Nsuze
basin where such a thick sequence of sedimentary rocks
is preserved above the Agatha Formation. This
emphasizes the importance of differential erosicn
prioxr to the deposition of the Mozaan Group in
dstermining the thickness of Nsuze strata preserved in
the outcrop area of Nsuze Group.
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3.4 CENTRAL DOMAIN

3.4.1

3.4.1.1

3.4.1.2

White Mfelozi River Inliex

Geology

The White Mfolozi structure can be considered as an 80
km southerly extension (beneath extensive Karoo cover)
of the arcuate belt of Pongola strata outcropping
north of Vrxyheid (Map 1).

A geological map of the central part of the White
Mfolozi inlier (mcdified from Matthews, 1867} 1is
presented in Map 8 a. Various duplicatiens of strata
by faulting were recognised along the profile line.
These have not been recorded earlier.

The Nsuze Group overlies granitic gneiss basement with
a marked unceonformity. Contact relationships are
however not well preserved due to the intrusion of a
ycunger post-Pongola granite along the contact. This

-~ younger intrusive granite has not previously been

recognised.

The Nsuze Group is overlain by the Singeni Formation
of the Mozaan Group with an angular disconformity.

The Nsuze strata dip betwren 15° - 35° towards the
northeast, whereas the Mozaan Group dips at 5° - 15°
east-northeast. The basal Singeni quartzite of the

Mozaan Group rapidly oversteps different stratigraphic
members of the Nsuze Group over a small distance of 3
to 4 km in the White Mfolozi inlier, emphasizing the
unconformable relationship between the HNsuze and
Mozaan Group. Matthews (1967} has estimated that the
progressive south-easterly directed overstep of Mozaan
strata has eliminated approximately 1200 m of HNsuze
strata. This eliminaticn has obvious implications for
regional Nsuze lithostratigraphic correlations and the
construction of a composite reference profile.

Lithostratigraphy

The Nsuze Group attains a thickness of approximately
1 070 m along, the White MEolozi lithostratigraphic
profile (Map 8 D). Matthews (1967) estimated a
thickness of 1 890 m, but did not take into accountc
some duplication of strata by faulting.
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The White Mfolozi profile (Map 8 b) represents one of
the best Nsuze reference prcefiles preserved, not only
because of a virtually 100 per cent exposure, but also
because the basal four rock units (from the Mantonga
Formation through the Pypklipberg and White Mfclozi
Formations into the Agatha Formation) are present.

The Mantonga Formation is compogsed of orthoquartzite
with a conglomerate zone at the base. This zone is
disrupted by.the post-Pongeola ¢ "anite that intruded
along the basal contact with bascagent granitic gneiss.
The Mantonga Formation varies in thickness betwean 4
m and 60 m, perhaps illustrating an irregular floor at
the time of deposition. The Pypklipherg Formation
rests with a sharp contact on the Mantonga Formation.
It 1is composed of dark green aphanitic, usually
amygdaloidal, lavas with a thickness of some 130 m.
The lavas are intruded by delerite sills, resulting in
an apparent greater thickness of "lava"' preserved (Map
8 b).

The White Mfolozi River inlier is the type location
for the White Mfolozi Formation {the middle

sedimentary sequence] , which here comprises
alternating -shale, siltstone, quartzite, diamictite,
tuifaceous sandstone and dolomite. A stromatolitic

carbonate wunit, in the wmiddle part of the White
Mfolozi Formation, has been named the Chobeni Member.
The Agatha Formation overlies the White Mfolozi
Formation with a sharp contact. It is composed of
cark green amygdaloidal lava.: The Rgatha Formation is
overlain, with an angular unconformity, by coarse-
grained orthoguartzite of the Singeni Formation of the
Mozaan Group (Map 8 b).

Although not exposed in profile A-B, along the course
of the White Mfolozi River, due to {Map 8a) the Mozaan
Group overstepping Nsuze strata in a southerly
direction, Matthews (1967) reports a succession c¢f
ferruginous shale with intercalated gquartzite up Lo
530 m thick above the lavas of the Agatha Formation,
but Dpelow the Singeni guartzite of the Mcozaan Group.
This unit, termed the Taka Formation (SACS, 1980)
most probably a lateral equivalent of £
Langfontein/Vutshini Formation. There is also su
possibility that it represents part of the HNtambo
Member of the Agatha Formation. This unit is however
normally much thinner and c¢ontain little or no
gquartzite interbeds. The Ntambo Member 1is howsaver
glso believed to become more quartzitic to the soulnh
{compare with Buffalo River inlier).
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Mpongoza Inliexr

.Geology

The Mpongoza inlier is situated northeast of the White
Mfolozi inlier and althcugh not traversed in this
study, it has been studied in detail by Preston
{1987) . His findings will Dbe summarized here.
Mapping and the correlation of the wvarious volcanic
units in the inlier are difficult because of lateral

discontiniity and poor exposure. Outcropping Nsuze
strata in the Mpongoza inlier define an elongate
outcrop pattern (Map 9 aj. Nsuze strata have a

general NW-trending strike, with a youaging direction
to the southwest (Map 9 a).

Lithostratigraphy

Preston (1987) has informally subdivided lithologies
in the Mpongoza inlier into a lower velcanic unit
{approximately 2560 m thick), a middle clastic
sedimentary unit (approximately 260 m thick) and an
upper volcanic unit (approximately 270 m thick). This
informal subdivision, although not to scale, is shown
in Map 9 b.

The lower lava unit, correlated with the Pypklipberg
Formation, is subdivided into a northern and scuthern
facies, Dboth comprising amygdaloidal mafic lavas
overlain by  felsic wvolcaniclastic rocks. The
amygdaloidal lavas reach a maximum thickness of about
300 m in the northern area, while the felsic
velcaniclastics reach a maximum thickness of 1 420 m
in the southern area.

The wmiddle siliciclastic Wwhite DPifolozi Formation
cemprises two guartzite units  with  interbedded
mudsitones and siltstones (von Brunn, 1974} . According
to Von Brunn ({1974} vertical facies arrangements are
similar to that in the White Mfolozi Formation in the
White bMfolozi inlier. However the Chobeni carbonate
Member is absent.

The upper volcanic unit, correlated with the Agatha

Formation (Map. 9 b), is composad of wmafic lavas
overlain by an felsic volcanic rocks. The {felsic
volcanics could partially be a roduct ot

silicification (Preston, 1987).
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3.5 SOUTHERN DOMAIN

3.5.1

3.5.1.%

Nkandla Area

Geology

The Nsuze Group in the southern domain, near Nkandla,
outcrops as several discrete inljiers {Map 10 a). The
domain is characterised by E-W trending folds with
associated zones o©of thrust faults. A dominant
deformation event resulted in large scale iscoclinal
folding, which is probably related to the 1000 Ma
Namaqua-Natal tectonogenesis at the edge o©of the
Kaapvaal craton in Natal (Grcenewald, 1985). This
deformation event resulted in the formation of 3 large
synformal structures in the Nkandla area. Possibly a
more correct term for these synformal structures are
synclinoria. The folds have wavelengths of 3-5 km,
with numerous associated smaller parasitic folds. The
> large synformal structures are termed the Gem-
Vuleka, Central and Southern synforms (Map 10 a). The
synformal structures are separated by large tectonic

shear zones.

Matthews (13873, cited in SACS, 1980) proposed a nine-
fold subdivision of the Nsuze Group in the Nkandla
area, of which the lower five formations correspond to
the units of du Toit (1931). The upper four
formations are apparently stratigraphically unique to
the Central synform. The scarcity of good ocutcrop and
structural complexities prohibits the construction of
detailed profiles at each of the synforms. In this
study, a detailed composite lithostratigraphic profiie
could only be constructed in the Central synform.
(See Map 10 a for the position of the profile).

Epart from field work in the Central gynform, outcrops
in the Gem-Vuleka synform were also examined (Map 10
al. Lithostratigraphic elements from the Central
synform were recognised in the Gem-Vuleka synform,
although the latter is structurally more complex.
simplified geological map of the northern part of th
Gem-Vuleka synform {modified from Groenewald, 1984}
shown in Fig. 3.1. It illustrates the structura
complexity of - this area, the 1lithostratigraph
compeonents, and the known ouvtcrop distribution of oh
enigmatic Nzimini Formation {(which chiefly compris
of volcaniclastic diamictite}. The Mzimini Formation
is also present in the northern part of the Buffalo
River inlier and to west of Babanango in the vicinity
of the Nzimini store. It is referred to as the Ndikwe
Formation by Groenewald (1984). It was decided to
change the formation name to Nzimini, in recogniticn
of the wider distribution of this unit than was
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SIMPLIFIED GEOLOGICAL MAP OF THE NORTHERN PART OF THE GEM~VULEKA SYNFORM, NORTH-WEST OF NKANDLA,
ILLUSTRATING LITHOSTRATIGRAPHY IN RELATION TO STRUCTURE. (GEOLOGY MODIFIED FROM GROENEWALD, 1984)
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previously recognised and after the excellent
exposures near Nzimini store,

Matthews (1990) suggests that the southern domain 1is
largely composed of two major structural units. The
upper "Nsuze Nappe" is an extensive slightly folded
allochthenous thrust sheet with a complex imbricate
internal structure consisting of folded and faulted

Nsuze Group Fformations. The lower unit is an

extensive pre-Pongola granite-greenstcone  segment
containing two E-W trending structural wedges of down-
folded and downfaulted Nsuze formations (i.e. the
Mhlatuze and Enome synclinal wedges).

Lithostratigraphy

A volcanco-sedimentary succession, some 3150 m thick,
is preserved in the Nkandla Central synform. The
composite profile {(which was constructed from outcrops
aleong major streams) is simplistically illustrated and
compared with lithostratigraphic subdivisions of SACS
(1980) in Map 10 b. KXey marker units recognised in
the profile are carbonates of the Chobeni Member of
the White Mfolozi Formation and the thick upper lava
unit correlated with the Agatha Formation.

The basal part of the White Mfolozi Formation is in
tecteonic contact with a major melange (Map 10 a). The
preserved part of the White Mfolozi Formation is about
1 200 m thick and comprises a thick accumulation of
recrystallized quartzite with minor quartz wachke,
siltstone and shale. The Chobeni Member is about $0 =

‘thick and composed of calc-arenite underlain by a

schistose metadiamictite. This diamictite may be
equivalent to the volcaniclastic diamictite directly
underlying the Chobeni Member in the White Mfoloz:i
inlier (Map 8 b). The overlying Agatha Formation i
some €50 m thick and comprises lavas ranging 1
composition from basaltic andesite to dacit
{Groenewald, 1984}).

5
I
&

The Vutshini Formation unconformably overlies the
Agatha Formation and consists of a 1100 m thick
sequence of alternating arenaceous and argiliaceous

metasediments, becoming more arenaceous upwards. Tne
lower quartzites are gritty with a thin conglomerate
developed at the base. Conglomerates are also

developed near the top of the formaticn (Map 10 b).
This formation is tentatively correlated with <
Langfontein PFormation £further to the north. The
Vutshini Formation ig overlain by the Ekombe Feormat
{(Groeneswald, 1984}, being exposed in the core of
Central synform (Map 10 a). It is composed of
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amygdaleidal mafic lava. A lava mapped in the core of
the Gem-Vuleka synform by Matthews, 13959-1969 (Map 1)
is most probably a correlative of the Ekombe Formation
{(Map 10 a). The Ekombe Formation may represent one of
the highest preserved units in the Nsuze Group (Figure
2.1} .

Mhlatiuze River Inliex
Geclogy

The Mhlatuze River inlier, situated north-east of
Nkandla, consists of a tightly folded E-W trending
system of anticlines and synclines, displaced by later
faults and intruded by multiple diabase sills and
dykes. Although excellent exposure exists along the
Mhlatuze River, structural complexities militate
against construction of complete long
lithostratigraphic profiles.

The Nsuze Group 1is wedged between greenstone-age units
in the north and pre-Nsuze granite basement 1in the

south {Map 11 a). A lithostratigraphic profile could
be constructed for the lower approximately 600 m of
the Nsuze Group (Map 11 a). Folding has duplicated

strata in tihe inlier.

Matthews (1990) refers to the area as the Mhlatuze
fault belt and considers the Nsuze Group to have been
thrusted over the greenstone belt in the north (Map 11
aj.

Lithostratigraphy

Three units, namely the Mantonga, Pypklipberg and
White Mfolozi Formationg ware identified wiith

confidence in the area (Map 11 b). The basal Mantonga
Formation 1is about 30 m thick and composed of
recrystallized quartz arenites. It unconformably
overlies granitic basement. A 5 m thick granular

arkosic arenite separates the quartz arenite of tha
Mantonga Formation f£rom the granitic Dbasement.
Bedding is very steep, occasionally overturned.

The Pypklipberg Formation is about 256 m thick anc
composed of dark mafic lavas with occasional
amygdaloidal beds. Excellent fresh outcrop of the
lava is present aleng the Mhlatuze River. The lower
partt of the White Mfolozi Formation 1is composed of
phyllite overlain by thick guartzite with interbeddad
phyllite {(Map 11 Db).
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Diabase sills, up to 10 m thick, intrude the White
Mfolozi Formation. The strata of the Nsuze Group in
the Mhlatuze River inlier compares well with that
along the White Mfolozi River, indicating a direct
correlation across the post-Pongola Melmoth arch
(Map 1).

Buffalo River Inlier

Geology

The Buffalo River in northern Natal has incised
through flat-lying Karoo cover and exposed the
Archaean basement in certain areas along 1it’s course.
Excellent outcrops of Nsuze Group are exposed &5 an
inlier in Karoo strata in the gorge of the Buffalo
River to the east of Pomeroy in northern Natal (Maps
1 and 12 a)” -

Recent mapping by Dixon (1993} has shed light on the
structural and lithostratigraphic complexities of the
area. A 1:50 000 geological base map provided by
Dixon .was used to select suitable localities for
constructing.lithostratigraphic profiles (Map 12 a).

Dixon (1993) is of the opinion that various units of

the Nsuze Group in the Buffalo River inlier cannot be

correlated with other areas. However, a number oi
units were found that could be directly correlated
with units-'in the White Mfolozi inlier some 60 km ©o
the east. _With the aid of these marker beds, the
stratigraphy of the Nsuze Group in the Buffalo River
inlier could be unravelled.

Recognition of key lithostratigraphic units 1in the
area and correlation between fault blocks enablaed
better understanding  ¢f the structure. In essence
Nsuze strata are folded into a large synclinorium,
with subordinate anticlinal and synclinal structures
(Map 13} . After folding the structure was disrupted
by a system of normal faults into a series of fault
blocks {(Maps 13 and 14). Evidence of northward and
southward - directed thrusting is present, (Fig. 3.2}
most probably related to the period of fold
deformation. Normal faults strike mainly in
northeasterly and northwesterly directions (Map i2 aj .

One of the main observations made was that ctha
sequence 1is intensely block faulted. Howeverjwithin
the fault blocks, successions are well-preserved and
by the recognition of marker beds a composite profile
could be ccnstructed, working from one fault block to
the other {Map 12 b).
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Key llbhostratlgraphlc units recognised, enabling

. regional correlation are the basal Mantonga Formatiomn,

the Chobeni carbonate mewmber of the White MIolozi
Formation and the Agatha lava formation.

.Lithostfatigraphy

Carefﬁl mapping along eight tfraverses in the area (Map
12 a) allowed construction of a composite
lithostratigraphic profile (Map 12 b). The seguence

is some 4 050 m thick but some tectonic thickening may
be present, a factor very difficult to quantify.

Nsuze strata unconformably overlie greenstone,
basement comprising largely mafic and ultramafic
metavolcanics, with banded chert and ircn-formations.
The greenstones are thought to be intruded by two ages
of granitoids thought to be pre-Pongola in age (Dixon,
1990) . The Mantonga Formation has - a polymictic
diamictite at its base in the Mazebeko area. The
diamictite is overlain by about 150 m of quartzmtes
with assocmated gritstone and conglomerates.

The Pypklipberg Formation is apparently absent in the
area and the White Mfolozi Formation follows directly

on the Mantonga Formation. The base of the White
Mfolozi Formation is formed by a volcanic diamictite
which may be up to 500 m thick (Map 12 b). The

possibility of tectonic thickening in such a massive
sedimentary unit is however difficult to assess. The
unit thins drastically to about 20 m in the south.

The: diamictite 1is overlain by a succession of
quartzite, shale and wackestone . some 1 000 wm ‘thick
(Map 12 b). Excellent examples of the Chobeni
carbonate member, with internal stratification exactly
similar to that in the White Mfolozi inlier, are
present at a number of localities 1.e. the Roodeklip,
Buffelshoek, Sifula, Mazebeko and Mangeni traverses
(Map 12 a}.

The Agatha Formation is composed of mafic lavas with
a 150 m thick quartzite interbedded along the Mazebeko
traverse {(Map 12 Db). This quartzite may be a
correlative of the Ntambo Member. The Agatha
Fermation is estimated to be about 2 000 m thick. The
Agatha Formation 3is overlain by the Langfontein
Formation. This formation has a basal volcanic
diamictite correlated with the Rcodewal Member {(Map 12

‘b). It is overlain by about 250 m of guartzite,

gritstone and shale.
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Drillhole NQ2

Diamond drilihole core NQ2, drilled by Gold Fields
Mining and Development, near the town of Ngutu
{southeast of Dundee, Map 1), to a depth of 2 120 m
intersected an  interesting volcano~sedimentary
segquence. The succession is uncohformably overlain by
Dwyka diamictite to a depth of 285 m (Fig. 3.3}.

The sequence intersected below Karoco cover is composed
of interbedded volcanic pebble conglomerate, with
diamictite towards the top and mafic lavas towards the
base (Fig. 3.3). The mafic amygdalcidal lavas, at the
base is in turn underlain by felsic lavas. The lavas
are correlated with the Agatha Formation {Fig. 3.3).

3.6 REGIONAL LITHOSTRATIGRAPHIC CORRELATION

Each lithostratigraphic profile discussed in the previous
section is placed into a broad regional lithostratigraphic
context in Map 2. Some inte.esting points arising from the
regional correlation are that:-

a.

n

The overall Nsuze seguence comprises three volcan c
and four sediméntary formations;

despite structural complications and breaks in
outcrop, correlations of variocus units are possible
over virtually the entire regloﬂal outcrop area of thne
Nsuze Group;

the Pypklipberg Formation apparently pinches out
towards the Bufifalo River inlier;

the carbonate Chobeni Member 1s restricted to the
Southern and Central domains of the Nsuze Group;

the volcaniclastic Nzimini Formation has a localized
distribution in the Southern domzin;

the argillaceous Ntambo Member is possibly restricted
to the Northern domain (except for a possible
gquartzite correlate along the Mazebeko traverse in the
Buffalec River Area);

L

large parts of Nsuze strata have been removed Dy

erosion prior to the deposition of the Mozaan Group;

one cof the most "complete" successions of the Nsuze
Group is preserved in the western part of the Hartlard
basin;
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SIMPLIFIED LOGSHEET AND SUGGESTED LITHOSTRATIGRAPHIC

SUBDIVISION OF DRILLHOLE NQ 2 , NQUTU DISTRICT.
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i. the Magudu profile only represents strata from the
upper part of the Nsuze Group. The Langfontein and
Mkuzana Formations are best preserved here;

3. the Pypklipberg and Agatha volcanic formations thicken
£to the north; _

k. conglomerates and diamictites intersected in drill
core NQ2 may represent a very thick eguivalent of the
Roodewal Member of the Langfontein Formation;

Summarizing it can thus be stated that despite apparent
local lithostratigraphic complexities encountered along the
traverses, the Nsuze Group can confidently be subdivided
into three dominantly volcanic (Pypklipberg, Agatha and
Ekombe) and four dominantly sedimentary (Mantonga, White
Mfolezi, Langfontein/Vutshini and Mkuzane} Formations.
Each lithostratigraphic traverse in this study represents
only a portion of the *“complete" Nsuze Group succession.
No individual lithestratigraphic traverse represents the
"complete' Nsuze Group succession, due to factors like:-.

i. incomplete exposure (cover by younger seguences),
ii. structural dismembering of the succession,

iii. large scale-unconformities have remeved parts of the
succession,

iv. complications due to late-stage intrusives and

V. possible non-deposition of certain formaticons in
certain parts of the Nsuze depobasin.

A composite stratigraphic column for the Nsuze Group is
shown in Fig. 2.1, the formational thicknesses being
determined from the average of all the correlates of each.
particular formation. This composite stratigraphic column
could be seen as an idealized "complete" Nsuze Group
succession. Figure 2.1 also shows the type areas for each
lithostratigraphic component in the composite stratigraphic
column. The Nzimini Formation has not been incorporated in
this composite stratigraphic column due to uncertainties of
it's exact stratigraphic position.

The remnant total preserved thicknesses of the Nsuze Group,
have been used to construct the remnant total Nsuze isopach
contour map (Fig. 3.4). The Nsuze Group has maximum
preserved thitknesses 1in the northern domains, in the
Magudu area {5 189 m) and the Hartland basin {4 549 m).
Thick accumulations also occur in the southern domain close
to Nkandla and in tne Buffalc River inlier. It should be
emphasized that these recorded Nsuze thicknesses are
remnant thicknesses only, the primary Nsuze Group packages
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could have been much thicker. The iscpach contours are
sub-parallel to the Melmoth basement arch, which wmay
therefore in part be a syndepositicnal structure activated
again in post-~Pongola times. .
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CHAPTER 4: DETAFLED LITHOSTRATIGRAPAY

4.1

4.2.1

INTRODUCTION

In this chapter each of the formations of the Nsuze Group
will be discussed. Each formation has a characteristic
type profile after which the formation was named. These
type profiles are usually well exposed and are thought to
best represent the formation concerned. Discussions of
formations will consequently concentrate on the type
profiles. Brief reference will also be made to the lateral
variations that exist within each formation, referring only

to selezted features. These lateral variations are
critical when assessing palaeoenvironments of deposition
and the tectonic eveolution of the Nsuze seguence. The

formations will be discussed with reference to their
distribution, sedimentology {(if applicable), petrography,
lithostratigraphy and general field characteristics.

"MANTONGA FORMATION

Distribution

The regional outcrop distribution of the dominantly
clastic Mantonga Formation is illustrated on Map 1.
Five reference profiles were weasured through the
Mantonga Formation. The formation reaches a maximum
known thickness of about 806 wm along the Mantonga
River profile and a minimum known thickness of 5 m
along the White Mfolozi River profile (Fig. 4.1).

Type profile

The type profile is along the Mantonga River in the
westexrn part of the Hartland basin {(Map 121). B
composite panoramic photograph of the profile is given
in Fig. 4.2. Along the profile the contact between
the underlying granitoid basement and the overlying
basal gquartzite of the Mantonga Formation is
characterised by a 5 w zone of poorly-sorted arkosic
sandstone which contains thin (0,1 m - 1 m) muds-one
layers. This basal zone, which Matthews and Scharrer
(1968) describe as z palaeoregolith derived from the
underlaying granitoid basement, fines upwards
{(Fig. 4.1 (2))..

The arkosic sandstone is overlain by a 70 m thick
poorly-sorted unit of pebbly, coarse-grained quartzite
with associated matrix-supported conglomerate (unit B

in Fig. 4.2). Subrounded to subangular chert and vein
quartz pebbles up to 5 c¢m in diameter typify the
conglomerates (Fig. 4.3). Thin shales are sometimes

draped over the tops of wupward fining facies
successions. Poorly-preserved trough and planar cross
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beds are encountered with an average set thickness of 20
cm.

The conglomeratic unit is overlain by a 60 m thick
diamictitic unit {unit C in Fig. 4.2). This unit is
characterized by immabture, green, polymictic diamictite.
Clasts in the diamictite are subangular te subrounded and
include quartzite, chert, vein quartz, granite and other
lithic fragments. The diamictite ¢ontains interbeds cof
coarse-grained immature quartz wackes. Microscopically,
the Mantonga Formation diamictites are composed of
subrounded quartz grains (s 2 mm in diameter) set in a
fine-grained, altered green chlorite / sericite matrix
{accessory amcunt of epidote and opaques are present - see
Appendix 2). The diamictitic unit is overlain with a sharp
contact by a 30 m thick unit of dark green laminated shale.
The shale coarsens upwards into a qguartz wacke (Fig. 4.1
{2)}. This argillaceous unit is referred te as unit D in
- Fig. 4.2.

The shale unit is overlain by a 160 m thick unit of medium-
to-coarse grained well cross-stratified arenites (unit E in
Fig. 4.2}). The unit displays a characteristic cyclic
repetition of sedimentary structures. The coarse basal
parts of upward fining cycles are characterized by flat
bedding and scattered well-rounded guartzite pebbles. It
is succeeded by a subzone noted for small-to-medium scaile
trough cross-bedding (<50 cm sets) (Fig. 4.7). The top of
upward fining cycles are marxked by clay drapes. Small
scale rip-up clasts are present near the top of the unit.
Soft sediment  deformation structures are present
throughout.

A 60 m thick coarse to very coarse-grained massive, green
cguartzitic diamictite overlies the well-stratified areni:e
unit (Unit F in Fig. 4.2). WHell-rounded quartz grainsg are
a common constituent of the groundmass of the diamictice.
The diamictite coarsens upwards from the base and then
fines towards the top (Fig. 4.1 (2)). Scattered angular-
to-subangular chert fragments (up to 7 c¢m in diametexr) are
abundant towards the top of the lower upward coarsening
unit.

The diamictite is overlain by two massive upward coarsening
quartzite beds separated by a thin shale (5 m thick). Unic
G in ¥ig. 4.2. The unit is about 150 m thick, with guar::z
pebbles scattered throughout. It is unclear whether tis
massive structure of the guartzite is a primary feature or
the product of later dewatering processes. The quartzites
display spheroidal weathering. The interstitial shale 1is
green in colour and finely laminated.
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FIGURE 4.3 Sub-angular-to-subrounded chert and vein quartz Eebbles

il a matrix-supported conglomerate in the, pasal portiocn
éf the Mantonég} Formation. antonga River traverse,
Western Hartland Basin.

i igiomict i te at .the base of the
FIGURE 4.4 Thin oligiomictic conglomera :

Mantonga Formation, ovérlying granitic basement, White
Mfolozl River Inlier.
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GURE Immature green diamictite at the base of the Mantonga
FI = Formationf;along the Mazebeko profile, Buffalo River
Inlier, overlain by an ol;glomlctlc.con lomerate and a
unit of coarse quartz arenites. Notice TIate-stage, high
angle cross-cuttina normal fault.

FIGURE 4.6 Well-developed flat beds in coarse-grained arenites at
the base of a flnlng—u%q cgcle. antonga Formation,
Mantonga River traverse, Western Hartland Basin.
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The massive guartzite unit is overlain with a sharp contact
by flat bedded gquartzite. (unit H in Fig. 4.2, see also
¥ig.4.1). Subordinate medium-scale planar cross-bedding 1s
present. The gquartzite coarsens upwards with thin
gritstone beds common near the top. The gritty guartzite
zone becomes more massive upwards with scattered sub-to-
well rounded guartzite pebbles up ‘to 7 cm in diameter,
Pooxrly preserved planar cross bed sets are present with an
average height of 50 cm.

The gritty subzone i1g overlain by a thin (<10 m}
diamictite, characterised Dby polymictic clasts 1in an
immature green chloritic matrix. {unit I in Fig. £.2).
The diamictite grades upwards into a coarse-grained
quartzite with a green tinge. This guartzite has well-
developed planar and trough cross-beds, with sets up to 1l m
high. Scattered sub-rounded to subangular quartzite and
vein quartz clasts occur throughout the guartzite.
Microscopically the guartzite 1s poorly-sorted. Highly
sericitizced subangular potassium feldspar grains are
present and may constitute up to 15 percent of the grains
(as in sampie MR10 shown in ¥Fig. 4.8} .

The coarse-grained - -quartzite 1s overlain by a 35 m thick
unit of amygdalocidal mafic lava whicn weathers negatively
and 1s poorly exposed (unit J in Fig. 4.2). The lava 35
succeeded by another zone of coarse-gralned gquartzite,
similar to that below the lava. The quartzite 1is 20 m
thick, immature with well-developed planar and trough cross
bedding, with sets in the order of 0,5 - 1,0 m high.
Scatter2d rounded quartzite pebbles {up to 5 cm in
diawmeter) occur throughcut the guartzite. This guartzite
marks the top of the Mantonga Formaticn along the Mantenaa
River traverse and 1is sharply cverlain by mafic lavas of
the Pypklipberg Formation.

Lateral Variation

The Mantonga Formation unconformably overllies
granite/greenstone basement and 1s sometimes capped by
another unconformity (sometimes faulted). Preservod
formation thicknesses are shown in fig. 4.3, =
Mantonoa Formation 1sopach contour map 1in fig, 4.7
illustrates formational thickening away £ ol

Melmoth  Basement arch, with maximum
accumualation east of Paulpietersburg.
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Small scale trough cross-beds  in a medium-grained
FIGURE 4.7 orthoquartzite. ﬁ%ntonga Formation. Fugitives Drift
traverse. Buffalo River Inlier.

Pho;omiprogragh showing a sericitized angular K-feldspar

FIGURE 4.8 ﬁraln in Contact with rounded quartz grains. Sample
R10. Mantonga Formation. Mantonga iver traverse.
Western Hartland Basin. X5 magnification. Crossed

polars.
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Although the basal portion of the Mantonga Formation
along the type prefile 1s entirely siliciclastic,
Armstrong (1980) describes a 300 m thick seguence of
basaltic volcanics with an irregular, basal
sedimentary layer intervening between  granitic
basement and the overlying sedimentary sequence to the
neorth of the Mantonga River. It is uncertain whethexr
these volcanics are allochthonous {possibly related to
the Pypklipberg Formation) or if these lavas reflect
an earlier, but volumetrically limited extrusive
avent .

The coarse-grained often conglomeratic basal unit is
typical of the Mantonga Formation throughout the Nsuze
basin. Fig. 4.4 1llustrates a thin oligomictic
congleomerate developed ab the base of the Mantenga
Formation, overlying granitic basement in the White
Mfolozi River inlier (Fig. 4.1 (3}). Similar poorly-
sorted, coarse-grained quartzites alternating with
thin conglomeratic beds are present in this basal
pertion along the Amsterdam traverse (Fig. 4.1 (1)).

The base of the Mantonga Formation in the Buffalo

"River inlier is characterised by a similar diamictite

to that described from unit C (Fig. 4.2} in the type
profile (Fig. 4.1 {(5}}. This unit contains clast

constituents largely derived from the local greenstone

basement {(such as altered wvolcanics and banded

cherts}.  The diamictite is overlain by a pooriy
developed, " 20 cm thick, conglcmerate which formg the
base of a coarse, gritty quartzite (Fig. 4.5). The
flat bedding described in unit E (Fig. 4.2) from the
Lvpe profile also characterises a similax

stratigraphic zone in the Amsterdam profile (Fig. 4.:
(1)) . '

Palaeccurrent directions

Paleaocuxrxent data availeble from the Mantonaga
Formation are summarized in Fig. 4.9 (corrected for
‘tectonic dip). A wide dispersion of palaeoflow

directions is indicated, with the bulk of the ficw
directions ranging from northeast to socutheas:.
Watchorn and Armstrong (1980) record similar trends
and ascribe the angular discordance 1in directional
cata from trough £forsets with that from planar
rosspbeds to the lateral growth of transverse bars.
The major palaecflow directions are parallel-to-
subparallel to the isopach contours in Fig. 4.9, with
only the White Mfolozi River inlier data showing &
unimedal trend perpendicularly away from the Melmoth
Basement arch.
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4.3 PYPXLIPEERG FORMATION
4.3.1 Distributicn

The regional outcrop distribution of the wvolcanic
Pypklipberg Formation of the Bivane Subgroup is
illustrated on Map 1. The Pypklipberg Formation is
best developed in the western.part of the Hartland
hasin. It thins towards the south (Fig., 4.15).

4.3.2 Type Profile

The type profile was measured along the Mantonga and
White River profiles 1in the western part of the
Hartland basin. Poor ocutcrop and exposure, coupled
with extreme alteration (Chapter 5) of the wvolcanic
rocks, made field volcanic hand specimen
identification practically . impossible without
geochemical backup. These factors militated against
detailed field descriptions of the volcanic rocks.
Considering that this study 1s not petrographic in
emphasis, descriptions of the volcanic rocks given are
only general in nature.

The lavas are green-grey 1in colour, aphanitic and
often very amygdaloidal or vessicular. Sometimes the
lavas are so vessicular that they resemble pumice.
The wvesicular zones are usually thin (<5 m thick],
indicating some form of differential vessiculation in
the lava flow. These highiy wvesicular (the gas-formed
cavities are sometimes filled with cuartz or calcite)
zones grade into non-amygdaloidal / wvesicular zones
(Fig. 2.10). Amygdales are up to 10 cm in dianster.
It seems likely that Pypklipberg lavas were mainly
extruded under subaerial conditions, although piliow
structures were encountered near the base of the tvpe
profile along the Mantonga River and also in the white
Miolozi River inlier {(also recorded by Matthews, 1967
indicating some subagueous extrusion.

Poor exposure usually prevents the determination ol
the dimensions and shapes of single lava flows.
Eowever, near the base of the type profile, flcw
contacts could be observod, with individual 2
about 10 m thici. Fig. 4.11 1liustrates ¥
contact where a highly amygdalcidal £flow
succeeded by another flow with pipe amygdales al s
base. Armstrong {1980} reports a
interfingering relatilionship amongst fLlows
similar and diffcrent compositions in  thice
sequsnce. Within the tvpe profile, and also
Amsterdam proiile (Fig. 4.10) at approximately
same stratigraphic level 1in the lower half of
Pypklipberg Formation, a seguence of lavas 1s




NORTH .

LITHOSTRATIGRAPHIC VARIATIONS IN THE PYPKLIPBERG

FORMATION WITHIN THE NSUZE BASIN.

Co CMF

MOZAAN GROUP UNCONFORMITY

mnM

VESS
BANDING

MAFIC
USUSHWANA-AGE
INTRUSIVE (7)

ACIDIC (7)

VESS

VESS

PLAG LATHS

FIGURE 413

VESS

e

- CONTACT NOT EXPOSED

MANTONGA

SEDIMENTS i

- 2 I?00~r
TYPE PROFILE
HARTLAND BASIN WEST
MANTONGA /WHITE RIVER
WHITE MFOLOZI FORMATION 16004
¢
VESS 1500 3
SPHERDIDAL . MPONGOZA INLIER
STRUCTURES (FROM PRESTON.I987]
—
1400 WHITE MFOLOZI FORMATION
*de—" BLOCK /ASH [EPOSIT
' ~
FIGURE 412 )
AGGLOM !
VESS 1300 \\"\
BANDNG i
\‘\
1200 .
VESS | 100+
1000
900
VESS 800
4
To0
FAULT
600
MR 3 500
PLAG LATHS
400 + NO ExXPOSUSRE
CoCMF
300
VESS
200
I__._._-—-—'—"'_d_—_
60 /
100}
MANTONGA FORMATION
ol
f (meters)

4

WHITE MFOLOZI RIVER
INLIER

WHITE NFOLODZI FORMATION

MHLATZE RIVE
NKANOLA AREA

5

~

MANTONGA
FORMATION

SOUTH

R INLIEH!

WHITE MFOLDD

vESS

__ FORMATION —

10cm

Figure 4 .10




56

Flow contact in basaltic lavas near the base of the
FIGURE 411 pypklipberg _Formation. _ Mantonga River traverse.
Western Hartland Basin notice high K amygdaloidal flow
top overlain by succeeding flow with pipé amygdales at

base.

FIGURE 412 Subrounded-to-subangular heterolithologic fragments
defln;ng a lava “agglomerate within "a lava flow.
Pypklipberg Formatiomn. White River traverse. Western

Hartland Basin.
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developed containing prominent plagioclase phenocrysts

(Fig. 4.14). These phenocrystic zones are also
developed to a lesser degree near the top of the White
River traverse. The plagioclase phenocrysts are

typically between 1 cm and 3 cm in length and arranged
randomly or poorly aligned throughout the zone. The
phenocrystic Zones are up to 20 m thick.
Microscopically the phenocrysts are situated in a
saussuritized trachytic groundmass with abundant
cross-cutting epidote (Fig. 4.13}. The plagioclase
phenocrysts are commonly partially replaced by
chlorite.

Armstrong (1980) uses the non-genetic descriptive texrm
"spheroidal structure” te describe various
subspherical structures observed within Pypklipberg
lavas. Although their origin is somewhat uncertain,
armstrong (1980) suggests that these structures owe
their origin to silicate liguid immiscibility. Near
the top of the White River traverse, on the farm
Umkoonyan, large silica-rich "spherocids" are preserved

in an altered mafic matrix (Fig. 4.10 (2)). These
"spheroids" are up to 1 m in diameter and subrounded
in shape. These unusual structures occur

intermittently over a zone of 300 m thick. Spheroidal
structures are more common in the type profile than
elsewhere.

Along the White River traverse, 220 m below the tep of
the the Pypklipberg Formation, an 8 m thick
agglomerate bed is present (Fig. 4.10 (2)}. it is
composed of subangular-to-subrounded heterolithologic
fragments (<40 cm size} within a lava flow (Fig.
4.12) . However, most of the fragments are composed of
different types of lava with occasional quartzite
clasts.

The fragments display a poorly defined preferred
orientation. Flow banding s seen in some lavas
These impart an irregular laminated fabric to a lava
flow and are an indicator of primary lava f£flow
directions, Scmetimes vesicles and amygdales eare
elongated parallel to the flow banding orientation.

Petrographic descriptions of Pypklipberg Formation
samples MR13, WM6 and AME& (stratigraphic positions
shown on Fig. 4.10) are given in Appendix 2. The
lavas are highly altered with high proportions of
chlerite, epidote, sericite and even calcite developad
at the expense of the primary plagioclase and
tremolite / actinolite. ’



FIGURE 413 Photomicrograph , showin a _plagioclase

58
phenocryst _in

relation t® a highly altered trachytic groundmass. X10

magnification, crossed polars. Sample AM6. Plagioclase
phénocryst zone. Pypklipberg Formation. Amsterdam
area. -

FIGURE 4.14 Semi-aligned i ithi
- plagioclase henocrysts within
Elagloclase henocryst zone palong Y the wﬁ?réL Riv
raverse. ypklipberg Formation. Western Hart]

Basin.
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Lateral wvariaticn

The Pypklipberg Formation 1is best developed in the
western part of the Hartland basin and 1in the
Amsterdam area in the northern domains, with thinner
accumulations preserved south of the Melmoth Bagement
arch (Fig. 4.15}). The Pypklipberg Formation 1is not
preserved in the Buffalo River inlier, where the White
Mfolozi Formation i1s superimposed onto the Mantonga
Formation. In the Pypklipberg Formation isopach map
in Fig. 4.15, a rapid formational thickening away from
the northwest-trending Melmoth Basement arch and from
the inferred palaeohigh in southwestern Swaziland can
be seen. The five lithostratigraphic correlates of
the Pypklipberg Formation traversed in this study are
illustrated in Fig. 4.10.

Excellent petrographic studies of the Pypklipberg
Formation volcanic rocks were made by Preston (1587)
in the Mpongeoza inlier, by Armstrong (1%80) in the
western part of the Hartland basin and by van Vuuren
{1965) in the Amsterdam area.

In addition to lava flows of varying composition,
various volcaniclastites occur within the Pypklipberg
Formation. The term "volcaniclacstite® includes a
variety of fragmental wvolcanic rucks of different
origin, emplaced in various physiographic environmen:ts
or mixed with non-volcanic . particles in  various
proportions {Fisher, 1966} . Armstrong {1¢80C;
describes various examples of volcaniclastites from
the Nsuze Group in the western part of the Hartland

‘basin. These include pyroclastites, epiclastites,
~autoclastites and hyaloclastites (these terms refer oo

different mechanisms of fragmentation). The most
common type of velcaniclastite 1s pyreclastite, which
is a term used to describe rocks derived directly from
explosive volcanic processes. Pyroclastite 1is mainly
represented by airfall tuffs, but alsc include somsz
agglomeratic phases in the Pypklipberg Formation
(Watchorn and Armstrong, 1980).

)

In contrast to the type profile, the Pypkliphke
Formation in the Mpongoza inlier is composed of
lower mafic lava wunit, with a thick upper fels:

f

volcanic unit (Preston, 1987). The latter Zncluds
tuff£s and agglomerateas. T h
volcaniclastite/pyroclastite component cf h

th Y

Al

ER I o AT R B 6 B Vs B IR A Y A 9]

Pypklipberg Formation 1n the Mpongoza inliex

exceeds that of other Pypklipberg Formation in cther
areas (Fig. 4.10). A feature of the volcaniclastite
descriped by Armstrong (1880}, in the western part of

the Harcland basin, is theilr discontinuilty.
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The Pypklipberg Formation is intruded by a large
volume of post-Poncisla age mafic 1ntrusives, The
majority of these intrusives are coarse-grained
diabase sills and dykes which, when fine-grained, can
easily be misidentified as a non-amygdaloidal lava.
2 110 m thick coarse-grained ancient mafic intrusive
of probable Usushwana-age was intersected along the
Amsterdam traverse (Fig. 4.10 {1)). Quartz veins,
often in swarms, cross-cut Pypklipberg volcanics.

WHITE MFOLOZI FORMATION

Distribution

The regional outcrop distribution of the largely
sedimentary White Mfolozi Formation is illustrated in
Map 1. Although this Formation is recognised
throughout the Nsuze basin, the thickest accumulations
are developed south of the Melmoth basement arch, with
the thickest seguences preserved in the Buffalo River
inlier (tectonically fragmented) and in the Central
Synform in the Nkandla district. The White Mfolozi
Formation is a key formation in the Nsuze Group; 1tS
wide distribution between two volcanic formations
{viz. the Pypklipberg and Agatha Formations) allows
assessment of the facies wvariations within the
formation.

Seven regional lithostratigraphic profiles £from the
White Mfolozi Formation are presented and compared in
Map 15. Five of those profiles were constructed
during this study, while two were compiled frowm
existing work i.e. from Preston (1987) and Hatfield
(1950) .

Type Profile:

The type profile of the White Mfolozi Formation is in

the White Mfolozi River inlier (Map 15 (4)). Faulting
has duplicated Nsuze Group strata along ths White
Mfolozi River traverse. The profile shown in map 15

{4) has been correcited for fault duplication and the
estimated thickness of 480 m is much thinner than
previous estimates in the area by Matthews, (1967) .



The base of the formation is formed by a poorly
exposed gquartzite, intruded at its base by a 15 m
thick coarse-grained dolerite sill, Overlying the
basal gquartzite is a 14 m thick diamictite. The
diamictite is composed of angular to subrounded clasts
supported by a green coloured chloritic muddy matrix.
The clasts are composed of vein gquartz, guartzite,
chert, shale, granite and altexred volcanic fragments.
Maximum clast sizes observed are on the order of 20
"cm. Quartz sand grains are dispersed in the matrix.

The diamictite is overlain with a sharp contact by a
65 m thick unit of finely-laminated green-grey shale.
Lenticles and wavy laminae of light grey siltstone are
present. The lower 35 m of the unit is composed
essentially of shale which passes upwards into
interlaminated shale and siltstone, with siltstone
dominant near the top. The basal shale 1is
characterised by small scale ripple-drift cross-
lamination (Matthews, 1967}, while the upper siltstone
is characterised by asymmetrical and symmetrical
ripple marks (¥Fig. 4.16). The unit has a banded
appearance due to alternating dark grey shale and
light .green siltstone laminae.

The shale/siltstone unit grades upwards into a
quartzite with guartz arenitic composition. The
quartzite 1s some 165 m thick. It i1s composed of =a
lower guartzite unit, a middle alternating
arenite/argillite/carbonate-rich arenite unit and an
upper gquartzite unit. The lower 10 m of the lcwer
guartzite unit is represented by a quartz wacke which
coarsens up into a well-bedded medium to coarse-
grained qguartzite. The lower guartzite is grey-green
in colour with prominent trough cross bedding (15 cm -
150 cm high) and planar cross bedding (10 -30 cm
high). The quartzite is composed of stacked fininc
upward facies successions. These successions are on
the order of 2 - 5 m thick with gritty units at their
base. Rare herringbone cross-bedding sets are present

in this guartzite. Thin {<« 20 cwm thick) black shale
interlayers occur in the guartzite. In addition to
gritty layers, black shale rip-up clasts are

encountered in the coarse-grained quartzite.
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GURE Symmetrical  ripple marks from the
i b siltstone, unit pgf the White Mfolozi-
Mfolozi Rive Inlier.

lower shale /
Formation, White

FIGURE 417 Sharp contact between a dark green sandy diamictite

the overlaying basal dolomitic portion  of the Ch
member. W

ité Mfolozi Formation. White Mfolozi PRiver
Inlier.
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The middle portion of the guartzite unit is composed
of stacked fining upward facies successions comprising
alternating quartzite-siltstone-shale with carbonate-
bearing arenites near the top. There are gradational
contacts between these lithologies. The gquartzites
are dark grey, medium-grained and contailn angular dark
silicified shale rip-up clasts. Esymmetrical and
symmetrical ripple marks are common in the siltstone
beds with small scale trough cross-bedding preserved
in the gquartzite. Desiccation cracks, infilled with
guartzite, are present in the argillites. The upper
carbonate-bearing beds are up to 2 m thick, dark grey
in colour with small scale (5 cm) trough cross-bedding
develocoped. Oolites are sometimes present 1in the
carbonate-bearing beds.

The upper 40 m of the quartzite 1is similar 1in
composition to the lower quartzite unit. It i5 grey-
green in colour and well-bedded. Bands of gritstone
are COmMmMOrn. Medium to fine-grained gquartzite
alternates with very coarse-grained quartzite. Planar
and trough cross-beds are developed with sets usually
10 - 50 cm high. Flat bedding 1is well developed.
angular silicifiel shale rip-up clasts, up to 20 cm
long, are common.

The quartzite is overlain with a sharp contact by a
14 m thick massive dark grey sandy diamictite.
Matthews (1267) refers to the . diamictite as @

tuffaceous sandstone. -- - This diamictite display

poorly-defined flat stratification. It is composed of
subrounded to angular gquartz grains, lithic
(volcanic?) and potassium feldspar grains set in &
fine-grained chloritic matrix. The matrix is
partially replaced by carbonate. in some casas
carbonate clasts, up to 10 cm 1in diameter, ars
present. The sandy diamictite 1is overlain with =2
snarp ceontact by the Chobeni carbonate menbor
(Fig. 4.17). The carbonate unit is 20 m thick in the
tvpe profile and comprises a succession of quartzitic
dolomite, dolomitic gquartzite, carbonate-bearing

siltstone and partly silicified light-grey dolomite.
The dolomites can be subdivided into two types viz. &
silicified pisclitic variety and an aphanitic to fine-
grained variety.

kccording to Beukes and Lowe (198%) the top 4.5 m cf

the Chobeni Member in the type profile :Is
stromatolitic and crops out continucusly Ior about
250 m. Beukes and Lowe ({1989) recognise four
lithofacies in the stromatolitic zone, their
distributicn heing controlled by specificz

palaecenvironment factors. These lithofaciles include:
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a) stratiform stromatolites,

) rippled dolarenite / mudstone,

c) biohermal stromatolites (Fig. 4.18) and
d) channelled dolarenite.

-

The Chobeni Member is overlain by an 8 m thick dark
grey very fine-grained carbonate-bearing siliceous
wackestone. The wackestone is flat bedded with the
carbonate component decreasing upwards in the unat.
This wunit contains poorly-preserved dessiccation
cracks.

The very fine-grained wackestone 1is overlain with a
sharp contact by a 75 m thick coarse-grained well-
stratified quartzite. T/ is unit is well cross-bedded
with troughs. typi cally in the order of 10 - 40 c©m
high. The quartzite is usually green-grey in colour
with occasional shale partings. Silicified shale rip-
up clasts are common, usually aligned along forsets of
cross-bedding sets. The shale clasts may be up to 20
cm long. Gritstone lags-become more prom1nenL LOW&aTXas
the top of the unitc. .

The guartzite is overlain with a sharp contact by a

massive diamictite. Angular clasts in the sandy to
muddy matrix are composed of rounded guartz gralh_
{< 5 mm diameter}, subrounded to subangular potassium
feldspar grains and angular to subangular lichic
fragments. Microscopically, the watrix contains
sericite, chlorite, quartz and carbonate (Fig. 4.2Z2)

—

The upper diamictite unit is in turn overlain with
sharp contact by some 27 m of cross-stratified cears
Lo very codf¥se-grained qguartzite with a compositi
similar to that of the quartzite immediately below t
diamictite. Gritty layers, composed of subround
chert and quartz crains, are common. Trough cross-be

se

4 q) 0

]
-

O o
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sets are 1in the order of 10 - 70 cm high.
guartzite is overlain by a carbonate-cemented coar
crained arenite which grades and fines upwards into an
aphanitic blue grey dolomite unit. This carbonacte
tnit is 10 m thick and, unlike the Chobenl Mexnzr
carbonate assemblage, it is non-stromatolitic.

VI
m

l"l
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URE Chertified conical stromatolites from the biohermal
e =38 stromatolite facies, Chobeni member. White Mfolozi
Formation. White Mfolozi River Inlier.

FIGURE 4.19 DOlOWlth quartzite from the Chobeni Member. Whit:
olozi Formation. Nkandla Central Synform. (Not
dﬂformatlon in one bed).
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The dolomite unit grades upwards into a medium to
coarse grained dark grey, carbonate-bearing quartzite
with poorly-developed flat kedding and trough cross-
bedding. The gquartzite 1is overlain by a banded
mudstone unit of 5 m thickness which is interlayered
with thin fine-grained quartzite layers and the
occasional thin (about 10 cm wide) carbonate-rich
horizon. Abundant mudcracks are present in this unic.

The top of the White Mfolozi Formation in the type
profile comprises a dark grey guartzite, which is
coarse-grained at the base but fines upwards into a
medium to fine grained quartzite. The gquartzite
becomes more mature towards the top. Trough cross-bed
sets are up to 120 cm high, while planar sets are up
te 50 cm high. The White Mfoleozi Formation is
unconformably overlain by Agatha Formation lavas. The
upper quartzite bed of the White Mfolozi Formation is
truncated over a short distance along..strike by the
unconformity.

Lateral wvariation

The White Mfolozi Formation reaches mazimum thickness

south of the Melmoth basement arch. This southerly
accumulation is illustrated on the isopach map for the
White Mfolozi Formaticn (Fig. 4.24). Some uncertainty

exists concerning wWhite Mfolozi Formation thicknegs in
the northern domain, due to the White Mfolczi
Formation being partially unexposed {as in the Magudu
area) and partially eroded away by pre-Mozaan Group
erosive events (as in the Amsterdam areaj. The
thickness of the preserved White Mfolozi Formation in
the MNkandla Central Syncline far exceeds that of ths
type profile (1 200 m preserved with lower contact nol

exposed) . The Central Synform seguence 1is &
nonotonous, highly arenaceous segquence probabiy
originating in a different environment to that of thsz
type profile. A regional panoramic overview of the
arenaceous sequence of the White Mfeclozi Formation in
the Central Synform is shown 1in Fig. 4.21. This

formation is referred to as the Mdelange Formation by
SACS (1980) and by Groenewald (1884).



-68 -

At this stage a brief reference to the lateral
variation of diagnostic units in the White Mfolozi
Formation will be made (as illustrated in Map 15}.
The thick volcanically-derived diamictite in the
Buffalo River iniier could be a proximal correlated
the basal diamictite in the White Mfolozi Formation
type profile, or it could be an independant unit (the
Nzimini Formation). The lower shale / siltstone unit
of the type preofile is exposed in the faulted lower

-portion of the White Mfolozi Formation in the Mhlatuze

River inlier, with this unit not exposed 1in the
Central Syncline {(Map 15). A sandy diamictite,
similar to- that found below the Chobeni Member along
the type profile, is found in the Buffalo River inlier
and in the Central Syncline, making this diamictite /
carbonate succession a regional marker bed. In the

ffalo River inlier the sandy diamictite 1is
conformably overlain by a 40 m thick amygdaloidal lava
unit {Buffelshoek traverse).

Matthews (1967} estimateas the carbonate-bhearin
lithologies (the Chobeni Member) in the White Mfolozi
River valley to have a lccalized strike extension cf
less than 4 km. However the Chobeni Member has now
been proven to have a regional distribution {(with its
volcanically-derived base) in the southern and centrzl

domains (excluding the Mhlatuze River inlier and the

(o
=
5

I

-Mpongoza inliex).

Stromatolitic carbonates are only present in the
Chobeni Member of the type profile and of the 2uffal
River inlier. The Chobeni Member of the Centr
Syncline comprises largely dolomitic quartzites. F
4.19 shows a stratified dolomitic quartzite from Uiz
Central Syncline. Overlying the Chobeni Member in £k
Sifula traverse, Buffalo River inlier, is a m=adium-
grained quartzite with well-preserved quartzite-fili«d
desiccation cracks similar to the one in the tvop:s
profile (Fig. 4.20).

rr

The upper diamictite in the type profile has =z
correlate in the Mangeni traverse in the Buffalo Riva:
inlier. This diamictite possibly also correlates wis
the one present at the top of the White MT Folos
Formation along the Nkemba profile in the western pc_h
c¢f the Hartland basin (Map 15 (6)).
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FIGURE 4.20 Quartz-filled desiccation cracks

] 2 in a_medium-grained
gquartzite immediately overlaying the Chobeni
White Mfolozi Formation. Sifula traverse,
Inlier.

member

Buffalo River

Regional panoramic overview of the arenaceo ite
FIGURE 4.21 Mfolozi Fgrmatlon. Nkandla Central s ug Haite

1 nform. . T
by the Nsuze River valley, looking soﬁth. Cross-cu




FIGURE 4.22

FIGURE 4.23 The EH1QUIar'Lulconfcnjnit}'tya:w@@n the dark

70
subrounded quartz and K-feldspar

Photomicrograph showin
sericitic groundmass in a
Sample WM15. gglte Mfolozi

fragments in an alterec
volcaniclastic diamictite. S v
Formation. White Mfolozi River Inlier.

magnification, crossed polars.

-

Formation lava (below) and orthoquartzite oF ¢
overlaving Mozaan Group. White Mfolozi Riv
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Type Profile:

Each measured profile of the Agatha Formation has
unigue characteristics with mno individual profile
adequately demenstrating all of the characteristics of
the formation. The ‘type’ profile in the western part
of the Hartland basin will be briefly discussed here,
while in the next section (4.5.3} other profiles will
be referred to in an attempt to demonstrate the full
spectrum of lateral variations in the Agatha Formation
(Fig. 4.25).

The type profile of the Agatha Formation in the
western part of the Hartland basin consists of a 1 800
m thick sequence of Dbasalt, Dbasaltic andesite,
andesite, dacite and rhyolite (refer to Map 3 a) with
similar petrographical and field characteristics to
that described for the underlying Pypklipberg

Formation. The lavas are usually amygdaloidal, with

quartz-filled amygdales often having irregular shapes
being up to 20 cm in diameter. The lavas are fine-
grained to aphanitic, usually dark green with
occasional silicified leucocratic zones.

It is difficult to distinguish between the wvarious
lava-types in the field. Petrographically the
amygdales are filled with quartz z epidote + chlorite.
The plagioclase porphyries are usually partially to
totally replaced by epidote + chleorite (Fig. 4.27),
vith the trachytic groundmass comprising plagioclase,
epidote, sericite and chlorite + quartz (see Appendix

2 - samples A82, WR1). The Ntambo Member is situated
some 350 m from the top of the Agatha Foriration along
the type profile. In Fig. 3 a, it can be seen that

the Ntambo Member is seemingly discontinuous; this is
probably a function of variable deposition and poor
present outcrop. Along the Balmoral traverse, the
Ntambo Member comprises largely dark green, non-
magnetic well-stratified argillites, which Armstrong
(1980) interprets as reworked tuffs and other
volcaniclastics. The 20 m thick Ntambo Member is
capped by a thin discontinucus lava agglomerate,
comprising elliptical altered lava clasts (s 5 cm) in
a medium-grained siliceous matrix.
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SHOWING A TYPE PROFILE AND LATERAL VARIATIONS
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Lateral Variation

Nine 1lithostratigraphic correlates of the B&Agatha
Formation are illustrated in simplified columns in
Fig. 4.25, of which seven of these were traversed in
this study. Pregerved and exposed Agatha Formation
stratigraphic thicknesses have Pbeen used to compile
the interpretative Agatha Formation iscopach map in
Fig. 4.29. Thick accunulations of Agatha Formation
lavas f{and minor clastics) are preserved in the
northern and southern domains of the Nsuze basin. The
Agatha Formation in the Amsterdam area was removed by
erosion, prior to Mozaan Group deposition.

As demonstrated on a Zr / Ti0, vs Kb / ¥ diagram {after
Winchester and Floyd, 1977} in Fig. 6.4, chapter 6),
Agatha Formation lavas have a geochemical signature
ranging from basalt to rhyclite. The Agatha Formation
lavas 1in the . "White ®Mfolozi River Inlier are 420 m
thick and are unconformably bound at the base by the
White Mfolozl Formation clastics and unconformably
overlain by the Mozaan Group (Fig. 4.23). The lavas
are light to dark green and generally amygdaloidal.

"Different flows can be distinguished by the

develorment of densely amygdaloidal zones near their

bases and tops. Filg. 4.26 illustrates such a dense
gquartz-filled awmygdalcidal zone. Amygdales do not
exceed 3 om in diameter. Pillow structures are

developed near the base and near the top of the
formation. The pillows#structures are elongate, up to
1 m wide and typically have chilled margins which arec

slightly darker than the normal lava colour. These
pillows are also closely associated with flow top
breccias. Matthews (1967) records a 0 - 40 m thick

vedge of green and grey guartzite about 360 m above
the base of the lavas in the N.E. corner of the farm
Welgevonden 527 (for locaticon, see Map 8 a) in the
Wnite WMiolozi Inlier. Linstrdm (1987) documents
inliers of fexruginous shale with intercalated
guartzite (the Taka Formation) in the Taka River
Valley nearby, which he places above the Agatha
Formation lavas. The Taka Formation. could however
also be a greenstone correlate. If the Taka Formation
does overlie the agatha Formation, it would correlate
with the base of the clastic Langfentein/Vutshini
Formation. '

The Agatha Formation correlate in the Nkandla Central
Syncline 1s 679 m thick, situated unconformably below
the clastic Vutshini Formation (Fig. 4.25 (7)). The
green, fine to medium~-grained lavas commonly contain
quartz, calcite epidote or chlorite-£i1lled amygdales.
-The amygdales are vusually < 5 cm in diameter. No
plillow structures were observed in these lavas. These
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i 2 4 op Dense quartz-filled amygdaloidal zone demarcating a lava
SAEHRE 4,26 flow contact in Agatha” Formation lavas, White Mfolozi

River Inlier.

y
n

crystals being partial
i

1
epidote + chlorite 1in a
Agatha River

Crossed

FIGURE 4.27 Photomicrograph of plagioclase
replaced by high birefringence
altered mafic lava. Agatha Formation,
profile. Sample AS2. "X10 magnification.

polars.
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lavas are sometimes silicified, which causes
irregularly-shaped leucocratic banding and_patches.
Groenewald (1984) reports lava flow thicknesses
ranging from 1L - 16 m here with an average of 2 - 4 m.
Groenewald {1984) describes basaltic andesites,
andesites and dacites from this volcanic package, with
a predominance of the andesitic lava variety. An

unusual, possible altered veolcaniclastite horizeon (5 m
wide) was observed about 250 m above the base of the

formation.

Preston {1987) reports that the upper volcanic unit in
the Mpongoza Inlier {Agatha Formation correlate
overlying White Mfolozi Formation tidalites) is
csimilar to the lower volcanic unit there (Pypklipber

Formation), comprising mafic lavas unconformably
overlain by felsic volcaniclastic rocks with a minimum
stratigraphic thickness of 1 160 m. The lower mafic
lavas are green-grey to dark grey 1in colour,
aphanitic, and display variocus concentrations of
randomly dispersed quartz-filled amygdales. Preston
(1987) also recougnises a vertical zonaticon of the
mafic lavas from an amygdaloidal base, overlain by an
amygdale-pooxr central zone which is in turn overlain
by an amygdale-rich zone. The felsic sub-unit
represents the youngest eruptive phase exposed in the
Mpongoza Inlier, consisting primarily of ash tuvffs,
dust tuffs and a block and ash deposit (Preston,
1987). This sub-unit has been simplistically
subdivided into & lithoohysae-rich ignimbrite zone
overlain by a lithophysae-poor ignimbrite zone (see
Map 9 a) aiter Preston, 1987 in Hunter and Wilson,
1988) .

The composite profile for the Agatha Formation from
the Buffalo River inlier 1is interpreted to be in
excess of 2 000 m thick (Fig. 4.25 (9)). Duplicated
packages of Agatha Formation lavas occupv a largs
portion of the central part of the Archaean Buffalc
River Inlier exposures (refer Map 12 a). The Agath
Formation here consists primarily of mali
amygdaloidal lavas with a significant 150 m thich
arenite member near the middle of the Formation. 1T
guartzite membexr, has been tentatively linked with ¢
Ntambo Member (which is more argillacecus in t
northern domain). This arenite is a well-stratified,
medium to coarse-grained, grey-white arenite. Diuan
{1921} reports mafic lava flows here to be 20 wm thick
on average. Dixon (1991) also reports a mafic iava
mineralogy here of:- amphibole -~ plagioclase
chlorite - epidote + guartz. Two agglemerate horizons
(maxzimum 20 m wide} are developed near the base of the
Agatha Formaticn along the Okhalweni profile (Fig.
4.25 {8)). These agglomerates comprise subrounded to
subangular clasts of volcanic fragments, quartzite and
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vein gquartz set in a green chloritic wmatrix with
rounded quartz grains in it. Dixon (19%1) documents
tuffaceous lithologies and pillow-shaped structures
from these lavas.

Drillhole NQ2, in the Ngutu district, {location on
Fig. 4.29) intersected a 325 m thick volcanic pile
unconformably beneath a thick conglomer atic clastic
wedge (a proximal correlate of the Langfontein /

yutshini Formation). This Agatha Formation corrclate
has an upper 180 m thick mafic amygdaloidal pcrtion
and a lower felsic poxtion, This felsic to mafic

transition upwards 1s common in the northern domain,
where these two lava types are separated by the Ntambo
Member. The-clastic Ntambo_Member is not developed in
NQ2 .

In the Magudu area, a 450 m thick package of
metavolcanics 1is exposed beneath a metasedimentary
package correlatable with the Langfcntein / Vutshini
Formation. The upper metamafic lavas here arao
separated from the lower metafelsic lavas by a 10 m
thick unit of metapelites, which correlate with the

Ntambo Member. The Ntambo Member consists of
muscovite-garnet-andalusite schists, with andalusite
crystals up teo 2 cm in size. No obvio s volcanics

could be detected assoclated with thesz metapelites.
The mafic metalavas are highly altered, silicified in
particular. Petreographically, primary hornblende hLas
largely been altered, prlmd*y plagioclase phenocryst
are now highly poikilitic, and poikilitic garhut
crystals are up ‘to 5 mm in size. Magudu arca
petrography and mineralogy 1s discussed in more detail
in chapter 5 (also see Appendix 2). Linstrdm {198 a}
interprets these altered volcanics as intermediate Lo
acld tuffs.

n Western Swaziland a 1 000 m thick Rgatha Formaticn
rofile was traversed {(¥Fig. 4.23 (1}}. XN package ol
afic lavas separated from underlying felsic lavas bv
& 140 m argillaceous Ntambo Member is unconformably
overlain by Langfontein Formation clastics. The
felsic volcanics are cut by coarse-grained Usushwan

Ccmplex Intrusives. The maflc volcanlcs are scparatoe

50

{.u '-:.'J

from the overlying clastics by a thin unit of brow
weathering coarse-grained volcanic arenite, which
an immature sediment with volcanic fragments in the
matrix. The mafi lavas are fine-grained o
aphanitic, often highly amygdaloidal.
Member is highly argillacszous comprising
laminated phyllites, which are sometime
Some thin interbedded arenites and
schists are interbedded with the phyllit
amygdaloidal altered lavas are also asso

&)

1
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b

[y



79

Subrounded-to-subangular chert clasts (silicified 1
FIGURE 4.28 in a siliceous gregn roundmass. Ntambo Member e
agglomerate. We

Stern Swaziland traverse.
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rhe Ntambo Member here. A thin lower lava unit here
is capped by an unusual agglomerate with chert and
amygdaloidal lava sub-rounded clasts (in a green
siliceous groundmass) . Fig. 4.28 illustrates this
agglomerate. The lower felsic volcanic is grey and
porphyritic, with dense layers of vesicles and
amygdales (< 20 m in size). Petrographically
plagioclase phenocrysts are up to 7 mm in length and
highly saussuritized to sericite, quartz and epidote.
The felsics have been silicified, with a late phase of
chloritization also being evident (sample SW12).

East of Piet Retief, Hatfield (1990} documented an
approximately 4 000 m thick volcano-sedimentary
package, which correlates well with the Agatha
Formation. The main features of this package are.
illustrated in Fig. 4.25 (2} . The bzase of the package
is a succession of felsic volcanics within which are
a number of tuffaceocus beds commonly interlayered with
subordinate <c¢lastic sedimentary layers (Hatfield,
1930} . The felsites are overlain by & persistent
pyroclastic - volcanosedimentary unit (Ntambo Member),
which is in turn overlain by a sequence of
intermediate volcanics. The felsic basal part
comprises wmwainly felsic lavas, which are mostly
riiyolitic, with minor dacitic flows. EKatfield (1990}
describes the petrography and field characteristics of

these felsics in his thesis.. Hatfield (1990) alsco
recognises that his volcano-sedimentary unit (Htambo
Member) continues into southwestern Swaziland. The

Ntambo Member east o©f Piet Retief is up to 300 m
thick, comprising chiefly interbedded tuffs and shales
with associated thin, discontinuous lenses o}
amygdaloidal intermediate volcanics, agglomerates,
pvrophyllite schist and felsic wvolcanics. Hatfield
{1990) notices that the pyroclastic - volcano -
sedimentary unit (Ntambo Member) in southwestern
Swaziland contains a higher proportion of sedimentary
}ithologies than east of Piet Retief. The overlying
intermediate volcanic unit consists of a seguence of
andesitic lavas, with minor intercalations of basaltic
andesites and basalts. These lavas are grey-green in
colour and commonly amygdaloidal. Hatfield (1990}
repoxrts a unit of pyroclastic Dbreccias, tuffs,
agglomerates with intercalated sedimentary layers at
the top of the intermediate volcanic unit, this could
correlate with the overlaying Roodewal Member at the
base of the Langfontein Formation.

-21-
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4.6

4.6.1

Fo

LANGFONTEIN/VUTSHINI FORMATION

Distribution

The Mfenyana Subgroup comprises the two uppermost
sedimentary formations of the Nsuze Group viz. the
lower largely arenaceous Langfontein / . Vutshin:i
wormation {(abbreviated as the L/V Formation in this
section) and the upper largely argillaceous Mkuzane
Formation. The Mkuzane Formation is only preserved in
the Magudu area. Correlates of the L/V Formatien have
been recognised throughout the Nsuze Dbasin, six of
which were traversed in this study. The regional
distribution of the L/V Formation is shown in Map 1.

Althougn the preserved L/V Formation thicknesses have
largely been influenced by the Mozaan  Group
uncenformity, the thickest accumulations are preserved
in the northern domain centred arcund the Magudu area
(Fig. 4.30). Thinner, but substantial, accumulations
are also preserved in the southern domain {1 435 m in
drillhole NQ2}.

Type Profile

Each correlate of the L/V Formation is a unigue
clastic succession reflecting widely contrasting
depcenvironments after Agatha Formation wvolcanism.
The profiles in the Magudu area and in the Nkandla
Central Synform are thought to lithologically best
represent this highly wvariable formaticn. These two
profiles will be discussed briefly in this section,
with the other profiles in Fig. 4.30 referred to in

.the following section (4.6.3).

The L/V Formation correlate along the Mfenyvana River
traverssa, Magudu arez 1s a 1 375 m thick succession of
alternating arenaceous and argillaceous netasediments

{Fig. 4.30 {4)). The L/V Formation comprises guartz-
serxcite schist, quartzite, andalusite schist and
miner andalusite-cordierite schist. These sediments

have been thermally contact-metamorphosed by local
post-Pongola-age granite intrusives (see Map 7 a) for

intrusive granite distribution). The cguertzite 1is
coarse-to-medium-grained, grey-green in colour,
usually with poorly-preserved crosc-stratification.
These often form  prominent resistant ridges.

Occasionally the quartzite 1s highly immature and
gritty, sometimes hosting scattered rcunded guartzite
nebbles (Fig. 4.33). Tne andalusite and sericite
cmhist weathers negatively and are cotmmonly
intercalaced. The andalusite schist is grey in coliour
and highly fissile. Schist becomes more prominent
higher in the profile. Andalusite porphyroblasts are
up to 2 ¢cm in size.

-B3-
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The petrography of the metasediments of the Mfenyana
Subgroup are discussed further in chapter 5. The
schist is interbedded with thin quartzite layers (<2
m wide) towaxrds the base of the formation.

The L/V-correlate in the Nkandla Central Syncline is
a 1 100 m thick sedimentary sequence unconformably
overlying the Agatha lavas (Fig. 4.30 (2}). The
sedimentary sequence contains three different rock
units. The lower 450 m comprises of alternating shale
and quartzite, the middle 500 m comprises of well-
stratified immature guartzite with rare shale
intercalations, and the upper part of the coarse-
grained quartzite which i1s sometimes gritty and
conglomeratic. The total package is cverlain by lavas
of the Ekombe Formation (the Mkuzane Formation is not

preserved or was not developed here). The base of the
lower part of the L/V Formation consists of a single
pebble (= 2 cm) cligomictic guartz pebble

conglomerate. The lower part consists essentially of
muiltiple ferruginous laminated (occasionally weakly
magnetic) shale-guartzite intercalations (Fig. 4.36
shows & sharp shale - quartzite contact). The
quartzite is usually grey-white in colour, medium-to-
coarse grained with well-preserved planar and trough
cross-bed sets (sets usually < 0,8m high). Sometimes
thin small-pebble conglomerates, mark the contacts
between shale and overliying guartzite peds.
Petrcographically the guartzite 1is poorly-sorted and
composed of ineguigranular subangular to subrounded
quartz grains with interstitial mica minerals.

The middle part of the L/V formation in the Central
synform consists of grey-white, coarse-grained, mature
quartzite with well-preserved cross-stratification.
Trough cross-bed sets are usually 10-20 cm high, while
pianar cross-bedding sets are 30-80 cm in high (Fig.
4.35}). Flat bedding is also present. Occasional
discontinuous thin gritstone layers are present.
Rare, thin argillaceous intercalations are sometimes

developed between quartzite beds. The upper part of
thre L/V Formation 1is also well-stratified, but is
coarser than the middle part. Well-developed

gritstone zones are developed, with a single 30 cwm-
thick small to medium pebble conglomerate developed

near the top of the formation. This conglomerate is
auriferous, oligomictic and has pebbles 0,5 - 1 cm in
diameter. Petrographically the host quartzite 1is

poarxly-sorted, composed of highly strained subrounded,
mzdium to very coarse guartz grains.
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Well-rounded very large pebble, ep
FIGURE 4.31 volcanic pebble gcnclgme?ateA Dgﬂd
Langfontein / Vutshini Formacion.
traverse. Western Hartland Basin.

FIGURE 4.32 Well-laminated siltstones (reworked tuffaceous ash?)

from the Langfontein / Vutshini Formation, Ntombe River
profile. WeStern Hartland Basin.
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Groenewald (1984) has recognised similar sedimentary
rocks to that described above in the lower part of the
L/V formation here in the Gem-Vuleka Syncline, which
is a structural syncline just north of the Central
Syncline in the Nkandla area {refer to Map 10 a and

Fig. 3.1).
Lateral Vaziation

Lateral variations in the L/V Formaticn are shown in
Fig. 4.30. Preserved stratigraphic thicknesses of the
Mfenyana Subgroup, as measured throughcut the Nsuze
basin, have been used to construct an isopach map plan
(Fig. 4.37). Maximum preserved thicknesses are
present in the Magudu area and also in the southern
domain.

Along the Ntombe river profile, in the western part of
the Hartland basin, the L/V Formation comprises a 180
m thick sequence o0of volcaniclastic-sedimentary
lithologies, unconformably below Mozaan Group
sediments (Fig.” 4.30 (5)). The upper portion 1is
dominated by fine-grained argillaceous rocks, with the
lower 40 m represented by the Roodewal Member, The
Rocdewal Member consists of velcanic arenite, which is
dark green in colour and ceoarse-grained with well-
developed sedimentary structures. Structures include
flat bedding, small scale planar cross-bedding and
interference ripplemarks. Petrographically the
volcanic arenite consists of equigranular gquartz
grains {sz 2 mm) cross-cut by chlorite £f£lakes in an
altered sericitic matrix. Scattered quartz vein and
lava fragments are present in the matrix. Two
prominent cobble-to-boulder-size polymictic
conglomerates {(maximum 8 m thick) are interbedded wit!
the volcanic arenites . Clasts are usually = 30 cm in
size and consist of weil-rounded lava, quartz vein ang
guartzite constituents (Fig. 4.31). The volcanic
arenites are interpreted by Armstrong (1980) to be
uffaceous in origin, while the conglomerates are
interpreted to be epiclastic volcanoclastites. The
volcanic arenites and conglomerates along the Ntombe
River are overlain by well-laminated grev siltstones

(Fig. 4.32} which gradually £fine upwards into dark
finesly-laminated phvilites, with occasional thin
guartzite intercalations {< 2 m thick) .
Pet trographically the phyllite laminations are caused
by lternating laminae of sericite-rich mudstone and
guartz-rich siltstone {sample NR5}). The contact with
the overlying Mozaan Group is marked by a 10 m-thick,
G.

rez-veined and bfecnnaterq ctectonic unconformity.
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Well-preserved planar cross-bedding in coarse-grained
FIGURE 4.35 rey-white quartzites from the middle part of Ethe
angfontein ?
Synform.

Vutshini Formation at the Nkandla Central

GUR Sharp shale-quartzite contact in the lower part of the
FI E 4.36 Lan%?ontein Vutshini Formation. Nkandla Central
Synform. Note discontinucus thin conglomerate developed
along contact.
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East . of DPiet Retief, Hatfield {1990) describes
_pyroclastic breccias containing a high concentration
of angular to subangular volcanic bombs set in a
ruffaceous matrix. The breccias overlie intermediate
amygdaloidal lava of the Agatha Formation. Siltstone
and mudstone, which porgsibly represent reworked air-

fall tuffs, are intercalated with the lavas. This
mixed volcano-sedimentary zone most probably i1s a
correlative of the Roodewal Member, and is

unconformably overlain by the Mozaan Group
(Fig. 4.30 (7}).

In southwestern Swaziland the L/V Formation is 84 m
thick. It is unconformably overlain by the Mozaan
Group (Fig. 4.30 {(6)). The contact with the Agatha
Formation intermediate lavas at the base 1is tectonic.
The L/V Formation comprises upward-coarsening
sedimentary cycles. Each «cycle 1is composed of
ferruginous shales, I1lmmature wackes through coarse
grained, well-stratified arenites (with thin grit
layers) to watrix-supported conglomerates at the top.
The arenites display abundant sedimentary structures
including wavy ripple marks, trough and planar cross-
beds with sets usually 10 - 15 cm high.
Petrographidally the arenite consists of poorly-sorted
quartz grains (s 4 wmm size) with sutured grain
boundaries set 1n a matrix of sericitic material.
These arenites are partially recrystallized (sample
SW1l) . The gritstone layers in the arenites are < 10
cm  thick. - - Occasional scattered rounded guartzite
pebbles are found in the arenites. The conglomerates
are discontinuous with well-rounded-to-subrounded
guartzite, cguartz vein and chert pebbles (up to 2 cm
in diameter) .

Drill hole NQ2, drilled in the Nqutu area, intersected
a 1 435 m-thick coarse clastic succession overlying
pessible correlatives of Rgatha Formation lavas. The
szquence 1is interpreted as a very proximal-correlate
¢f the Roodewal Member at the base of the L/V
Formation. It is unconformebly overlain by the Dwyka
Formation, The seguence cowmprises alternating
polymictic, matrix-supported and pebble-supported
conglomerate with interstitial thin zones of medium-
to-coarse grainad immzature volcaniclastic guartzites
(Fig. 4.30 (3)). Conglomerate pebbles are subangular-
to-subrounded comprising largely altered lava with
subordinate vein-guartsz, guartzite and chert
{silicified lava?) (Fig. 4.34).
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A composite Langfontein / Vutshini profile has been
constructed from the fragmented lithostratigraphic
Nsuze fault blocks in the Buffalec River inlier. bt
composite profile, 200 m thick, has been assembled
from the Okhalweni and Mazebeko traverses (Fig.
4.30 (1)). The Roodewal Member at the base consists
of angular to subangular clasts of guartzite and
altered lava in a grey coarse-grained diamictitic

groundmass. Clasts are < 40 cm in size. The coarse
diamictitic unit £fines upwards into a green coarse-
grained wolcaniclastic {"tuffaceous"} arenite. The

Roodewal Member is very similar in composition here to
that zlong the Ntombe River traverse in the Western
Hartland basin. The Roodewal Member, is overlain by
a succession of alternating shale and guartzite, with
a single 25 m thick diamictite unit developed along
the Mazebeko profile. The quartzite 1s medium-to-
coarse grained, grey-white and well cross-stratified.
Planar cross-bedding Sets are typically 50 cm - 100 cm
high, while trough cross-bedding sets are up to 1 m

nigh. Petrographically the gquartzite is composed of
subrounded to subangular well-sorted guartz grains (s
2 mm size) in a fine-grained guartz-muscovite-sericite

+ chlorite matrix. There are usually sharp shale-
gquartzite contacts, with the shale dark grey/green in
colour laminated and moderately ferruginous. This

mixed shale-guartzite zone is similar to the lower L/V
formation at the Nkandla Central Syncline. The shale
possibly forms the tops of fining-upwards cycles. The
upper diamictite is dark green in colour with
scattered subrounded clasts of guartzite and lava.
Petrographically, the groundmass contains rounded
quartz grains (< 1 wm 1in diameter) and 1lithic
fragments constituents largely replaced by chlorite,
sericite and guartz (as in sample Gan 3).

Summarizing all the L/V profiles, (Fig. 4.30} an
1dealised ‘composite’ L/V Formation succession can be
constructed. This ideal succession would have the

coarse Roodewal Member at the base, a central unit of
alternating quartzite and shale overlain by an upper
dominantly quartzite unit.
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Palaeccurrent Directions

The regional distribution of palaeocurrent @irectio;s
from the Mfenyana Subgroup are shown regionally 1in
rose diagram format in Fig. 4.37. The palaeocurrent
directions in the northern domain are widely
dispersed, especially those from the Magudu area. In
the southern domain however, an easterly-directed
trend emerges, indicating a general provenance
direction from the west. Detailed palaeocurrent
studies by Groenewald, (1984) in the Nkandla area
indicate a predominately southeastwards palaeoslope,
which is consistent with the easterly-directed trend
in this study.

MXUZANE FORMATION

Distribution

The Mkuzane Formation, which is the upper formation of
the Mfenyana Subgroup, is composed ©f mainly
argillaceous metasediments overlaying the L/V
Formation in the immediate Magudu area. This limited
outcrop distribution is illustrated in Map 1. It 1is

‘uncertain whether this limited distribution is due to

non-deposition over the major part of the Nsuze basin,
or due to removal by particularly pre-Mozaan erosive

events. It is likely that both factors have played a

role.
Type Profile .

The Mkuzane Formation has been traversed along the
Eohobo and Mfenvana Rivers, west of Magudu. Exposures
in latter traverse are the best. The Mkuzane - L/V
Formation contact has been placed above the last major
guartzite unit characteristic of the 1L/V Formation
{Fig. 4.38).

Along the Mfenyana River, the Mkuzane Formation 1is
represented by a 1 450 m thick metasedimentary
sequence o©of cordierite Thornfels and cordierite-
andalusite hornfels with subordinate gquartzite and
quarcz-sericite hornfels. The lower part of the
formation comprises finely interlayered quartzite and
cordierite ({x andalusite) hornfels (the guartzite
layers are < 3 m thick). The cordierite hornfels 1is
dark-grey in colour, with prominent dark
porphyroblasts of cordierite (s 2 cm size). Such
quartzite-cordierite hornfels intercalations are shown
in figure 4.39. The guartzites in the lower part of
the formation are grey-green in colour, well-sorted
and medium to fine-grained. The hornfels-quartzite
contacts are very sharp (Fig. 4.39}.



DETAILED LITHOSTRATIGRAPHY OF THE MKUZANE FORMATION ALONG THE MFENYANA
RIVER TRAVERSE, MAGUDU AREA.
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The central part of the formation comprises largely of
cordierite hornfels with a 35 m thick quartz-sericite
hornfels at the base. The guartz-sericite hornfels is
brown-grey in colour and petrographically comprises of
equigranular grains of quartz (< 0,1 wmm size) with
sutured outlines in a matrix of sericite and quartz
(sample MF5). The cordierite hornfels are usually
finely laminated, cccasionally displaying symmetrical
ripple marks. Within the cordierite hornfels,
andalusite-rich layers are found usually in a mere
quartzitic groundmass. Andalusite crystals are
usually euhedral in shape, similar to that seen in the
L./V Formation {Fig. 4.40). The upper part of the
Mkuzane Formation 1s also a fine-grained dark-grey
cordierite hornfels unit, displaying light
{gquartzitic) -~ and dark (micaceous) discontinuous
layering. Cordierite crystals are less than ¥ cm in
leng*h in the upper zone. : :

About 300 m below the top of the formation a 250 m-
thick mixed zone of cordierite hornfels, guartzite and
gquartz-sericite hornfels are developed. The
quartzitic layers often display small scale planar
cross-bedding and flat bedding. The contacts between
different rock types in this mixed =zone are
gradational. Altered cordierite-andalusite horniels
from this mixed zone may contain rotated, cordierite
porphyroblasts in a quartz-sericite matrix. It 1is
_interesting te note the-presence of large volumes of
chloritoid needles (< ¥ wmm long) in these upper
cordierite hornfels (samples MF2, »F4, Appendix 2).

The upper cordierite hornfels is unconformably
overlain by mature, coarse-grained Mozaan Group
guartnite. This unconformity reduces the Mkuzane
Formation thickness from 1 450 m along the Mfenyana
River traverse to about 600 m along the Hohobo River
traverse, 16 km to the north indicating apparent
northwards-directed downcutting. . It 1s Thowever
uncertain how much of this decreased thickness is due
o structural thinning (Map 7 a).
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Interbedded cordierite (+ andalusite) schist and green-

FIGURE 4.39 grey quartzite from the lower part of the Mkuzane
ormation along the Mfenyana River traverse, Magudu
area.

Euhedral andalusite crystals in a quartzitic zone withi
FIGURE 4.40 cordierite schists. antral part OF the Micuzane " omin
Formation. Mfenyana River traverse, Magudu area.
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Digtribution

The Ekombe Formation is the uppermost formation in the
Nsuze Group. This Formationn 1is  thought to
unconformably overlie the Mfenyana Subgroup and is
only seen outcropping in the Nkandla area in the
southern domain. The Ekombe Formation is composed of
mafic lava with its original extent being uncertain,
largely as a result of removal by post-Nsuze erosive
events. The formation name was proposed by Groenewald
(1984), who recognised this volcanic unit in the
centre of the Central Synform traverse in the Nkandla
area. It is the same unit as the Mankana Formation
described by Matthews (1879) in the Nkandla area.

-

Type Profile

The Ekombe Formation type profile unconformably
overlies the Langfontein / Vutshini Formation in the
Nkandla Central Syncline, (refer to Map 10 a for
location) where -the Mkuzane. Formation has not been
preserved {(or not deposited). The outcrop area 1is
very limited due to Phanerczoic cover. It 1is
estimated that a thickness of only 25 m is present.
The lavas are highly weathered and altered, with a
purplish colour in outcrop. They are fine-grained and
highly amygdaloidal, the amygdales being small,
rounded and quartz-filled. The lava is composed of -
white mica (40 %), quartz and albite (50 %) and sphene
(5 %) according to Groenewald (1984).

NZIMINI FORMATION

Distribution

A localized distribution of coarse-grained
volcaniclastics, with subordinate intercalated
sediments outcrop in the southern domain. Qutcrops

are present in the northern part of the Buffalo River
Inlier (Map 12 a) in the west, the northern part of
the Nkandla area (Map 10 a) particulary within the
Gem-Vuleka Synform 1in the southeast, and in the
Nzimini district between Babanango and Ngutu in the
north {Map 1).
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This unigque lithological unit has provisionally been
named the Nzimini Formation, after the excellgnt
exposures in the Nzimini district. This formation
comprises a unigue lithostratigraphic assemblage, with
no exposed correlates in the northern domain. As
mentioned earlier, the exact stratigraphlc position ol
this formation within the general Nsuze
lithostratigraphic framework created in this study is
uncertain. It seems most likely that it is unique to
the southern domain and although further work is still
required, on this enigmatic formation, it will be
briefly discussed here.

Type profile, lateral variation and general
characteristics

Excellent exposures of the Nzimini Formation in the
Nkandla area are found in the Nsuze River valley,
north of it’s intersection with the Ndikwe River
{refer to Fig. 3.1}. These exposures and other local
outcrops of the formation are well-documented by
Groenewald (1984), who introduced the name Ndikwe
Formation for the local occurrence of this formation
in the Nkandla area. The Nsuze River valley exposures
can be regarded as the ’'type area’ for the Nzimini
Formation. &~ - "

Groenewald (1984) estimates a maximum thickness of
1 500 m for this formation, along the Nsuze River
valley. The unit is composed of wvolcaniclastics,
volcanogenic sediments, arenites and argillites. The
formation is highly deformed and disrupted by gabbroic
intrusions of the Hlagothi Complex. Groenewald (1984)

also reports subordinate intercalations of
amygdaloidal lava and banded iron formation within the
formation. Sheared wvolcaniclastics constitute the

greater part of the formation, being usually green-
grey in colour with lapilli and occasional wvolcanic
bombs (up to 20 cm) characterising the
volcaniclastics, which Groenewald (1984) interprets as
pyroclastic tuffs. The groundmass is reported to be
heterogeneous with angular fine-grained 1lithic

fragments dispersed in it. Groenewald {1984} also
reports crystal tuffs and crystal-bearing lapilli
tuffs to be Common here. Other wvolcaniclastic

litholeogies reported here are agglomerates, tuffaceous
greywacke and ash-tufis.

The arenites here include thin units of quartz
arenite, quartz wacke and lithic wacke. The quartz
arenites are coarse to fine-grained rocks composed of
rounded to subangular quartz grains set in a sericitic
and/or chloritic matrix. The argillites here vary
from light brown pelites to dark grey phyllitic rocks.
(Groenewald, 1984) .



98

FIGURE 4.41 Brown weathered surface and green / grey fresh surface
of a volcaniclastic diamictite, showing lapilli-sized,
subrounded lithic _clasts. Nzimini Formation. Fugitives
Drift traverse N1 EF€fal~n D4 T+l
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IHGUREi&42An_a?glomerate bed displaying_subrounded_”bomb$” of
mainly altered volcanics within a volcaniclastic
(tuffaceous), coarse-grained altered groundmass.

Nzimini Formation Fugitives Drift traverse. Buffalo
River Inlier.




-9a-

A very thick seguence of similar diamictitic
voleaniclastics, with minor intercalated amygdaloidal
lavas, arenites and argillites is exposed in the
northern part of the Buffalo River inlier (from the
Fugitives Drift traverse in the north to the Roodeklip
rraverse in the south (refer Map 12 a}. Dixon (1991)
suggests that these diamictitic lithologies are
pyroclastic in origin, similar to that in the Nkandla
area. The pyroclastics are reported to include;
lapilli and crystal tuffs and agglomerates. The
diamictites are grey-green in colour with a brown
weathered surface (Fig. 4.41). The diamictites
comprise primarily coarse-grained volcaniclastic
arenites {altered and reworked tuffaceous deposits)
with scattered lithic clasts. The wvolcaniclastic
arenites often grade intc thin agglomeratic beds
usually < 20 m in thickness. Subrounded-to-subangular
lithic agglomerate "bombs" up to 40 cm in size are
seen, usually composed of altered lava. Clasts of
‘quartzite, banded iron formation and vein guartz have
also been recorded. An agglomeratic bed is shown in
Fig. 4.42. Agglcmerate clasts are set in a coarse-
grained, green chloritic groundmass, often displaying
visible interstitial rounded quartz grains.

The clasts within the wvelcaniclastic arenites are
rounded to angular, as illustrated in Figs. 4.43 and
4,44, The composition of clasts are similar in
composition to that in the agglomeratic beds. The
volcaniclastites in the Nzimini district are similar
to that recorded in the northern part of-the Buffalc
River Inlier. A volcaniclastic diamictite from the
Nzimini district (sample NSZ 1 Appendix 2 is composed
of a chlorite-sericite-guartz groundmass, hosting sub-
angular plagioclase and subrounded quartz grains with
cross-cutting mineral phases of carbonate, epidote and
chlorite (Fig. 4.45).

The Nzimini Formation is highly tectonised. A
prominent SE-NW-trending axial planar cleavage 1is
developed. The contact between the Nzimini Formation
and the White Mfolozi Formation sediments in the
northern part of the Buffalo River inliexr is usually
faulted. Within the Nziminil Formation itself, many
NE-SW and SE-NW-striking late-stage faults have been
recorded. It is also possible that the volcaniclastic
package here has been extensively tectonically-
thickened. Within the Gem-Vuleka Syncline in the
wkandla area the Nzimini Formation displays evidence
of extreme shear deformation and are highly dissected
by gabbroic intrusions of the Hlagothi Complex.
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It is possible that the thick diamictitic unit of the
Nzimini Formatcion in the northern part of Buffalo
River inlier thins to the south and correlates with
the well-established diamictite at the base of the
White Mfolozi Formation {Map 15} . This unit was only
in the region of 10 - 15 m thick along the Mazabeko
traverse in the south. This option was selected when
the composite stratigraphic column f£or the Nsuze Group
in the Buffalo River inlier ({(refer to Map 12 a) was
constructed - hence the thick diamictite at the base
of the White Mfoleozi Formation in this area (Map 12b).
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FIGURE 4.43 :
~ Pitted surface of a volcaniclastic diamictite,showing rounded-to—

subangular lappilli—-sized clasts_Nzimini Formation.Roodeklip
traverse.Buffalo River Inlier.

FIGURE 4.44
Angular chloritic fragments (altered lava ?) within a typical

volcaniclastic diamictite groundmass.Nzimini Formation.Fugitives
Drift traverse.Buffalo River Inlier.
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Photomlcrogragh dlsplaylng quartz and plagioclase grains
tered groundmass comprising: chlorite,

in a ghly
carbona sericite, epldote quartz and opaques.
Volcanlclastlc diamictite. Nzimini Formation. Nzimini

district. Sample NSZ1. X5 magnification. Crossed -
polars.
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CHEAPTER 5: METAMORPHISM AND ALTERATION

5.1

INTRODUCTION

The rocks of the Nsuze Group have been subjected to a
number of alteration processes. The volcanics were exposed
to an initial post-emplacement period of alteration, during
which hydrothermal and deuteric alteration processes were
active (recognised by Preston, 1987 through detailed
petrographic studies of volcanics in the Mpongoza inlier).

The entire Nsuze Group bears the imprint of regional low-
grade metamorphic alteration, which has been superimposad

on the earlier alteration products. This metamorphic
imprint could be due to pressure and temperature increases
related to burial by younger cover seguences, The

secondary minerals arising from these two alteration events
are very similar and it is difficult to distinguish between
them on petrographic grounds.

In addition to regional low grade metamorphic alteration,
the sequence has alsc locally been affected by contact
metamorphism and tectonic shear deformation. This is
especially the case in the Magudu area, where post-Pongcla
granites intrude the seguence. The contact metamorphic
imprint pre-dates the low-grade regional metamorphic
imprint, (with the latter superimpcocsed on the former as a
retrogressive overprint).

ALTERATION AND REGIONAL LOW GRADE METAMCRPHISH

Lavas

Due to a wide range of alteration processes (including
metamorphic effects and subaerial and even subagueous
alteration effects}, Nsuze volcanics ne longer display
their iritial primary mineralogical composition. The
present Nsuze volcanic mineralogical composition is a
function of factors such as bulk rock composition, the
relevant P-T conditions and even on the availability
of H,0 and CO0,. (Preston, 1987). Petrographic
examination cf Nsuze lavas from the entire outcrop
area reveal varying degrees of chloritization,
calcitization, silicification, sericitization and
epldotization. Each of these alterations will be
briefly described here (descriptions of thin sections
are summarized in Appendix 2).
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Mafic and Felsic lavas

Chlorite is commonly developed in all the Nsuze lavas
examined, often as cross-cutting stringers closely
associated with sericite dissecting both the feldspar
phenocryscs {when developed) and the altered
groundmass.

Plagioclase phenocrysts and the trachytic plagioclase
groundmass in most Nsuze lavas show varying degrees of
sericicization (Fig. 5.1). Sericitization can be
interpreted to involve the leaching of .alkalies and
calcium as well as the release of silica as quartz
(Preston, 1987). Sericite ofte: occurs in association
with epidote, quartz and chlorite as replacement
minecrals pseudomorphous after plagioclase. The
released calcium 1s often accommodated in secondary
calcite  which occur throughout the trachytic
groundmass, partially replacing plagioclase
phenocrysts. Calcium 1is also released during the
recrystallization of more calgic plagicclase to form
zlbite at low metamorphic grades {(Armstrong, 1980} .
This results in the replacement of the original
calcium-rich plagioclase by varying proportions of
calcite and epidote.

Epidotization is a common alteration process in Nsuze

lavas. Epidote, in conjunction with the other
replacement minerals mentioned above, commonly OCcurs
interwoven with sericitized plagioclase. Fig. 5.2

illustrates yellow epidote ©partially replacing
plagioclase in a felty -sericitic groundmass.
Armstrong (1980} describes larger-scale (0,2 - 1,0 m
diameter) light green epidote alteration patches from
Nsuze lava 1n the Pilet Retief area. Although
macroscopic in scale, the textures described by
Armstron {(1880) are similar to that observed
microscopically here.

Varying degrees of silicification occur in_some Nsuze
lavas. This silicification could eicher be due to the
post-magmatic intreduction of silica-rich fluids to
the system or could even be due to selective leaching
of other components leaving a silica-rich guartz
residue {Siems, 1984). Equigranular, {fine-grained
mosalc gquartz overgrowths are good evidence of
secondary silicification.
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FIGURE 51 Photomicrograph of a saussuritized feldspar phenocryst
enveloped Dy a chloritic rim associated with epidote.
Crossed polars. X10 magnification. Sample SW12.
Feld$§ar porphyry. Agatha Formation Southwestern
n

Swazi

and.

. Photomicrograph of yellow birefringent epidote replacin
FIGURE 5.2 gericitize plagioclase laths in agmaficplava . g
roundmass. Crossed polars. X10 magnification. Sample

M6. Pypklipberg Formation. Amsterdam area.
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FIGURE 5.4
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Photomicrograph of muscovite needleg inters 3 =
partially Cross-cutting quartz grains in an argillaceous
quartz arenite. Crosesed polars. X10 magnification.

B Mantonga Formation. Mazebéko traverse.

Samglﬁ Manz. :
alo River Inlier’

Buf

Photomicrograph of a green_dominantly chloritic shale
equigranular quartz grains and

containing sub-rounde
X5 magnification. Sample MD2.

subangular opagues.
White Mfolozi Formation. kandla Central Synform.




2.2 giticiclastics

Nsuze Group arenites commonly comprise strained,

sometimes recrystalllved quartz gralns with muscovite
+ chlorite in the matrix (Fig. 5.3). Descriptions
of thin sections are summarlzed in Appendix 2.The
Nsuze afglllltes are usually highly chloritic, often
contalnlng fine-grained equigranulaur quartz grailns
with varying proporticns of wmicaceous minerals. The
secondary chlorite has often totally obliterated
primary textures, but has enhanced a fine lamination
in most shales (Fig. 5.4).

CONTACT METAMORPHISM

The Nsuze Group litholegies 1in the Magudu area bear a
contact metamorphic imprint, because of the intrusion of
poest-Pongola granitoids in this area (refer to Map 1 for
distribution of these intrusive granitoids). These cross-
cutting granitoids represent Anhaeusser and Robb’s {1981}
third magmatic cycle, being typically coarse-grained and
porphyritic in places. These granitoids in the northern
domain are classified as ths Spekboom, Godlwayo and Kwetta
granites (Matthews, 1985). The thermal metamcrphic effects
of this intrusive granitoid complex has Dbriefly been
examined along the Hohobo and Mfenyana River traverses.
Field observations and petrographic results from this area
will be summarized here.

The ekxamination of the contact metamorphic aurecle around
the post-Pongola granitoid complex west of Magudu is
complicated by later burial-induced low grade regional
metamorphic facies assemblages (including, chlorite,
epidote and chloritoid). In places the initial prograde
contact metamorphic assemblage has been totally obliterated
by the retrogressive overprint.

Diagnostic prograde minerals in argillaceous units in the
Langfontein and Mkuzane Formations are cordierite and
andalusite. The two minerals freguently co-exist.
Cordierite 1s seen as ovoid phenocrystic crystals (1-3 cm
in diameter) (Fig. 5.5). Andalusite occurs frequently as
euhedral phenocrysts up to 4 cm in size, sometimes bearing
a chiastolits pattern. Fig. 5.7 1illustrates unusual
tabular andalusite crystals cross-cut Dby thin quartz
veinlets. These two diagnostic minszsrals occur throughout
the full thickness of the Nsuze Group in the area up to the
contact with the Mozaan Group in the Mfenyana traverse
which 1is over 4 km from the contact with the intrusive
granite (see Map 7 a).
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FIGURE 5.5 Laminated, sgotted cordierite hornfels from the Mkuzane
fenyvana River traverse. Magudu area.

Formation.

Photomicrograph showing cross-cutting secondary high
FIGURE 5.6 relief chloritoid need?es in a fine-grained alzereg_
groundmass of a cordierite hornfels.” X5 magnification.

lane polarized light. Sample MF2. Mfenyana River
traverse. Magqudu area.
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GURE Tabular andalugite crystals, cross-cut by quartz .

F i veiniets,“show1ng a moderate preferred orientation in an
andalusite-cordierite schist. Langfontein / Vutshini
Formation. Mfenvana River traverse. Magudu area.

FIGURE 5.8 Photomicrograph showing a poikilitic garnet phengcryst
in contact with altered hornblende and saussuritize
glagloclase. X5 magnification. Plane polarized light.

ample MW8. Hohobo River traverse. Magudu area.




CHAPTER 6:

CEOCHEMISTRY

6.1 LAVAS OF THE NSUZE GROUP

6.

1.1

Intreoduction

An attempt was made to compile a regional geochemical
data se:t for lavas of the Nsuze Group. An unpublished
set of 73 geochemical analyses of Nsuze Group lavas
from throughout the Nsuze basin has been wmade
available for this study by Gold Fields Mining and
Development. The data set includes major, minor and
trace element analyses by X-ray fluorescence done at
Gold Fields Laboratories, Johannesburg. Sample
positions are indicated on Map 1. Data from previous
studies by Armstrong (1980), Armstrong et al.
{(1982,1986) and Hatfield (1990} in the northern
domain, Preston (1987) 1in the central domain and
Groenewald (1984), Tunnington (1881) and Brown (1982)
in the southern domain were combined with the new
data. The actual analyses are given in tables l1la, b
and ¢ in Appendix 1.

The caochemical analyses were undertaken Lo:

a) produce a lithostratigraphically-constrained
T geochemical database for the Nsuze Group:

_b) make a geochemical comparison between the Agatha

and Pypklipberg formations;

c) evaluate the degree of zlteration of Nsuze lavas;

d) classify Nsuze lavas on geochemical grounds;

e) evaiuate the potential of geochemistry as a tool
for stratigraphic correlation or

characterization;

th

apply published discrimination diagrams £for
evaluation of the magmatic affinity and tectonic
setting of lavas from the Nsuze Group.

The gzochemical data set of the NMsuce lavas needs to
iz evaluated in the context of the effect of seccndary
alteration that may have affected the rocks. The
mobility of elem=nts cduring alteration and
metamorphism has been studied by a number of
regsearchers such as Floyd and Winchester (1878).
Many major, minor and trace elements bLacome meobile
during alteraticn but high field strength elements
{(HFS) like Ti, Zr, Y,
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Np and P have high chargey/ionic size ratios and are
regarded by various authors to be relatively resistant
to the processes of alteration and wmetamorphism.
Howevey, these authors also warn that differential
mobility of HFS elements is possible under conditions
of extreme alteration. ‘Therefore combinations of
discrimination plots based on mobile as well as
immobile elements are necessary to fully appreciate
the implications of geochemical data sets.

Lava geochemistry is thought by many writers
{including Pearce et al, 1977 and Floyd and
Winchester, 1975) to be related to the tectonic
setcting in which these lavas were generated.
Consequently several discrimination diagrams have been
devigsed, mainly for Mesozoic veolcanics erupted 1in
_ - known plate  tectonic - settings. Although the
A D l1cability of such discrimination diagrams to Nsuze
Group lavas is debatable, limited application of such
diagrams have been made in this study in an attempt to
cast light on the tectonic setting of the depository

of the Nsuze Group.

A summary of the geochemical information used in
discrimination plots of Nsuze lavas is given in table
6.1, The geochemical data referred to in table 6.1
are tabulated in table 1a (Pypklipberg Formacion),
table 1b (Agatha Formation) and table 1c (other Nsuze
Formations) in Appendix 1.
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TABLE 6.1:
STMMARY OF GEQCEEMICAL INFORMATION USED IN DISCRIMINATION
PLOTS OF NSUZE LAVAS
I " .
Pypklipberg Formation
a. Western Hartland basin 1. Ermstrong (1980)
(n=32)
ii. this study (n=5)
b. Mpongoza inlier 1. Preston {(1987) (n=41}
C. White Mfolozi inlier 1. this study (n=8)
d. Mhlatuze River inlier i. this study [(n=3)
hgatha Formation
a, Western Hartland basin i. Armstrong (1980) (n=16)
il. Batfield (1990) (n=13)
iii. this study (n=6)
b. Mpongoza Inlier . i Preston (1987) (n=10)
i white Mfolozi Inlier i. this study (n=10)
d. Central Synform i, this study (n=§)
{(Nkandla) ii. Groenewald {1984) (n=6)
iii. Tunmnington (1981} (n=8)
iv, Browvn (19282) (n=8}
e. Buffalo River inlier i. this study (n=121)
— —
T rillhole N2 1 this study (n=24)
(n = number of samples analysed)
6.1. Results

211 new analyses of Pypklipberg and Agatha lavas from
this study were plotted on a conventional diacram of
8§10, wversus total alkalis (Na,0 + K,0) for chemical
classification purposes (Fig. 6.1). Nsuze lavas
display a spactrum of chemical compositions, ranging
from basalt to dacite, with lavas c¢f intermediate
comnrosition predominant. The Agatha lavas apparently
tend to be more basaltic in compesition in contrast Lo
the Pypkiivberg 1lavas which Tpear to be nore
andesitic 1in composition. However when all the
available data are plotted, including those Irom
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FIGURE 6.3 Log (Zr/Ti02) - log (Nb/Y) diagram for this study's lava
data set . ( diagram from Winchester and Floyd, 1',977)
{ o Agatha Formation & Pypklipberg Formation ]
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previous studies (Fig. 6. 2}, the differentiation
between the Agatha and Pypklipberg lavas disaDpeaf
A very large number of the available data plot in the
basalt -0 andesite compositional range. Many samples
are also of dacitic to rhyolitic composition. Some
samples plot outside the field of lavas, being high in
silica and low in alkalis.,  This phenomencn may
reflect secocondary silificatiocn. Most ©of the data
Dlotrlﬁg outside the lava compogiticnal fields in Fig:

6.2 are ascribed to the data of Preston (1987) from
the Mpongoza inlier. He ascribes it to redistribution
due to post-emplacement alteration.

On a plot of immobile element ratios, log {Zr/Ti0,)}
versus i1og (Nb/Y), after Winchester and Floyd (1977},
the new data set indicates Pypklipberg lavas to fall
closer to the trachy-andesite and alkali pasalt field
than that of the Agatha Formation (Fig. 6.3). However
when all - the availakle dJ&ata are plotted, this
differentiation disappesrs Dbut many lava samples
display rhyodacite/dacite and rhyolitic compositions
(Fig. 6.4} .

The magmatic affinity of he Nsuze lavas may also be
assessed by using the O*— a,0+K,0-Mag0Q diagram of
Irvine and Barager (1971). The lavas from the Agathz

and Pypklipberg Formations {(total data set) ovearlap
both the calc-alkaline and theleiitic fields (Fig.
£.5). The general trend 1s similar tfo that recognised
by Armstrong (1980} for western Hartland basin Nsu:ze
lavas viz. a general trend of iron enrichment f£rom the
basalts to basaltic andesites o zndssites followed by
a decrease in iren and an increase in alkalis through
the dacites intc the field of xrhyolites. Armstrong
{1980 } working in the Hartland basin in the northern
domal found hls data set on lavas to have a
aamlnautly tholeiitic trend. In contirast Greenewald
(1984} working with a data set from the southern
domain, Ifound ava samples to overlap both the
tholeiitic and calc-alkaline fields 1in egqual numbers.

If danz are restrlcted to these of this study,
Pypklipberg lavas are evenly distributed hetween the
tholeiitic anc calc alkaline fields (Fig. 6.6) . in
contrast, lavas Zrom the Agatha Formation plot in :he
tholeiitic field with only samples from the Buffa

River inlier plotting in the calc-alkaline field (Fi g
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On a Nb-Zr-Y diagram (after Meschede, 1986) most lavas
plot within field C (Fig. 6.7). Within this.field,
tholeiitic basalts from witnin-plate environments
(WPT) are predominant (volcanic arc basalts also plot

in field C}. Meschede (1986) states that ancient
continental tholeiites would fall in the withi:i-plate
tholeiite field. Interestingly, of the few analyses

not falling within Meschede (1986)‘s within-plate
tholeiite field, 4 come from the Agatha Formation in
the Buffalo River inlier {(low Nb contents).

The discrimination diagrams involving the high field
strength (high charge/radius ratio) elements Ti, Zr,
Y and Nb which are highly immobile during alteration
processes should be more applicable to the ancient

Nsuze Group lavas. Peace and Norry (1973%) observe
that these elements vary systematically with tectonic
" setting of eruption. In a pleot of the Zx/Y ratio

———rerplacive to the index of fractionation ie. Zr, most -
of the Nsuze database plot within the region of field
A (within-plate basalt) (Fig. 6.9). Agatha and
Pypklipberg formation data are similarly distributed
Fig. 6.9. The plots outside the defined fields in
figure 6.9 could possibly be attributed to extreme
alteration.

In a discrimination diagram using Ti, Zr and Y {after
Pearce and Cann, 13273) the lavas sampled during this
study plot in field ¢, which are ascribed to calc-
alkali basalts (Fig. 6.10}. Thers 1is a slight
enrichment in 2Zr in certain analyses of the
Pypklipberg.Formation from the Buffalo River inlier.

rce et al (1877) have found that a simple ternary
piot of MgO-Feld (total) - Al,0, may be used to
»stinguish between five Phanerczoic tectonic settings
lavas. The majority of the analyses of lavas
sampled during this study plot within the field of the
continental environment (Fig. §.11). Scatter is
caused mainly by samples of the Agatha Formation from
the PBuifalo River inlier and a few from the
Pypklipberg Formation in the Hartland basin. A
similar continental setting emerges when all available
gata are ploted con such a dlagram,
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FeO% — (Na20+K20) — MgO diagram for the

total Nsuze lava data set.
{diagram from Irvine and Barager , 1971) - J
[ A Agatha Formation o Pypklipberg Formation

it

i FeO% — (Na20 + K20) - MgO diagram for the
FIGURE 6.6 Pypklipberg Formation data from this study.
/ (diagram from Irvine and Barager ,1971)
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FIGURE 6.8 Nob-Zr-Y discrimination diagram for the total
Neuze data set (diagram from Meschede, 1986 )
[ 4 Agatha Formation ¢ Pyphklipbers Formation]
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FIGURE 610 Ti- Zr - Y diagram for Lhis study s lava data set.
{(diagram from Pearce and Cann , 1973.)
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Summaxy

Nsuze lavas display a continucus compositional
spectrum from basalt to rhyolice, with no
compositional gaps. gatha and Pypklipberg Formation
volcanics display a combinaticn of both tholeiitic and
calc-alkaline affinities. Data suggest the tectonic

setting of the Nsuze Group to be tholeiitic, within a
continental plate, &although a Ti-Zr-Y diagram re-
emphasizes a calc-alkaline affinity.

The Pypkiipberg and Agatha Formations have similar
geochemical signatures. The two formations therefore
probably extruded under similar tectonic conditions.

2lthough - visibly subjected to at least regional
greenschist grade metamorphism, 1t 1is thought that
post-emplacement processes have not greatly altered
the geochemical signatures of the lavas sampled during
this study. For exampie all lavas plct on acceptable
compositicnal fields in the total alkali-§5i0, diagram
{(Fig. 6.1). However, some of the lavas sampled in
other studies may have been altered, especially those
from Preston (1987) in the Mpongoza inlier and some
samples of this study from the Buffalo River inlier.

The application of discriminacion diacrams based on
high £f£ield strength immobile element ratiocs also
nelped to evaluate the possible effect cf any post-
emplacement alteration. Most of the data again plot
in acceptable lava compositicnal fields with those
from the study cf Preston (:1987), and scme from the
Rgatha Formation in the Buff lo River inlier agailn
being anomaWOhs

PELITES OF THE NSUZE GROUP

Introduction

The chemical composition of pelites can provide
et

informaticon on the composition, tectonic setting and
zvolutionary growth of the early continental crust
{McLennan and Taylor, 1982). The Nsuze Group is one
cf the oldest and Dbest-preserved supracrustal
successions in the world and particulary its pelitic
censtituent cou ld provide clues to the nature of the
Haapvaal lithosphere during this early part of crustal

gvolution.
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An unpublished set of 39 chemical analyseg of pelites from the
Hsuze Croup {shales and siltstones) was made available for this
study by Gold Fields Mining and Development (major, minor and
trace elements by X-ray fluorescence). Sample positions are
indicated on Map 1. The analyses from this study were comblned
wirh published analyses to produce a stratigraphically-
constrained Nsuze pelite catabase (Table 6.2) . The original data
are given in table 2 of Appendix 1.

TABLE 6.2:
SUMMARY OF SAMPLES FOR CHEMICAL ANALYSES OF PELITES FROM THE
NSUZE GROUP
A. Langfontein / Vukshini Formation
1. Western Hartland basin a. this study (n=3)
ii. Central Syncline a this study (n=14}
{Nkandla) b. Wronkiewicz and Condie
, N L (1989) e
B. White Mfolozji Formation
i Mpongoza inlier a. Wronkiewicz and Condie
' ' (1989)
b. McLennan and Taylor
(1983)
ii. White Mfclozl inlier a. this study {n = 5)
D. Wronkiewicz and Condie
_(198¢)
miii;mﬁﬁzéggfﬁ River inlier a. this study {n=4)
C. Mantonga Formation
bl Buffzlo River inlier a. this study (n=13)

(n = number of samples analivsed)

Geochemical investligations of pelites of the Pongola
upergroup by Wronkiewicz and Condie (1937, 1589) and
lennan and Taylor (1983} have provided clues to the
ovenance of the Pongola Supergroup. The application
pelite geochemistry to gain an insight to Nsuze
Group provenance 15 fairly problematic, open to the
inluence of many unpredictable variables. Although
source composition is the dominant factor controlling
the compoesition of fine-grained terrigencus clastic

o
el W S



sediments, a complex combination of other factors such
as weathering, hydrauliic sorting during transport,
element adsorption onto c¢lay particles, tectonic
setting, diagenesis and even metamerphism can also
have an infiuvence (Wronkiewicz and Cecndie, 1989).
Bearing in wind these restricticns, a limited
geochemical analysis is made here to investigate the
provenance of the material and to determins if any
stratigraphic geochemical variations exist.

Pesults

X-ray diffraction analyses of Pongola pelite samples
by Wronkiewicr and Condie (1989) have shown Nsuze
peliites to have “elatively constant mineral
compositions, with muscovite {1llite) and chleorite the
major constituents, and minor amounts (< 10 %} of
pyrophyllite, potassium-feldspar, = guartz  and
kaolinite. T T

The entire pelite database, from all formations and
geog. aphic locations, plotted on a K,0-Fe,03-AL,0,
ternary diagram, define a mixing line between the
chlorite and illite/muscovite end members (Fig. 6.12),
Data from the Langfontein/Vutshini Formation define a
spread of points along the entire-trend, while data
from the White Mfolozi Formation are clustered around
the Phanerxozcic North American Shale Composite (NASC,
Fig. 6.12). Three Vutshini/Langfontein samples plot
the residual clay field and are thought to reflect
the eifects-of modern weathering.

e

With the exception of a few analyses from the
Vutshini/Langfontein Formation in the Eartlend basin
and from the Mantonga Formation in the Buffalo River
inlier, Nsuze pelites are substantially enriched in Ni
and Cr relative to NASC (Fig. €.13}. Wronkiewicz and
Condie (3989} also recognised that Pongola peli:zes
differ from other ﬁrhhaean pelites in having high
Cr/Ni ratios and positive r anomzlies on N&LSC-
normalized diagrams.

The geochemical cbservations of Wronkiewicz and Condie
(1985) from a study of 36 Nsuze pelitss sugges:t that,
r2lative to the NASC, most Pongola pelites have
similar cncentrections of largs  ion lithophile
elements (X, Pb, S8r, Ba, Ta, U, Pb) high field
strengtih elements (Y, Zr, Ti, Nbp, Hf, Ta), rare earth
elements, V and Sc. The Nsurce analyses of some of
those elemﬂ“ts from this study are couwpared to chat of
the NASC :in table 2 {Zppendix 1} showing marked
5
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ALZ203 — Fe203 — K20 diagram for the total Nsuze Group

FIGURE 612
pelite data set.
SYMBOLS K20
@  VUTSHINI/ LAKGFONTEIN FORMATION
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(% odditional geochemical plofs from Wronkiewicz and Condie, 1989),
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Nsuze ©pelites show marked inter-formaticn and
geographic wvariations in some major and trace
elements. Such geographic variations often produce a
large data scatter 1in some binary and ternary
diagrams. A Cr-Ni-Y plot illustrates this, with some
pelites from the Langfontein/Vutshini Formation in the
western part of the Hartland basin and the Mantonga
Formation in the Buffalo River 1inlier for example
having very low Cr and Ni values relative to the rest
of the Nsuze pelites {Fig. 6.14). Thlis scatter may
indicate local source heterogeneities.
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FIGURE 613 Cr - Ni (ppm) diagram for the total Nsuze Group pelite
data sel.
{ e Vutshini /Langfontein Formation
O White Mfolozi Formation
A Mantonga Formation (Buffalo River Inlier )
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ER 7: COMPARISON BETWEEN THE NSUZE ARD DOMINION GRQUPS

INTRODUCTION

The Dominion Group is a volcano-sedimentary sequence of
Archaean-age unconformably underlying the Witwatersrand
Supergroup and overlying granite/greenstone basement in the
Western Transvaal and Northern Orange Free State. Exposure
is best to the west of Klerksdorp and in the Ottosdal
district. Here the seguence consists of a basal clastic
sedimentary unit, the Rhenosterspruit Formation, overlain
by mafic amygdaloidal 1lavas, the Rhenosterhoek Formation
and capped by massive felsic volcanics, the Syferfontein
Formation ({stratigraphic subdivision after SACS, 1980).

Due to poor surface expesure, the Dominion Group has not
been studied in detail and its sub-outcrop extent 1s not
well known. Dominion Group borehole intersections south of

. Welkom greatly increases the potential original extent of

the Dominion basin (Jackson, 1992}, suggesting that the
Dominion Group once occupied a vast area, in contrast to
it’s limited surface outcrop extent.

The recent vregional c¢orrelation of the Witwatersrand
Supergroup with the Mozaan Group of the Pongola Supergroup
{Beukes and Cairncross, 1991), coupled with the fact that
tH® "Nsuze Group stratigraphically underlies the Mozaan
Group, re-emphasizes the possibility that the Nsuze Group
is a regional correlate of the Dominicn Group. This
possibility will be briefly assessed here in terms of
geochronology, lithostratigraphy, geochemistry and inferrved
tectonic settings.

GEOCHRONOLOGY

The Nsuze Group 1s broadly bracketed between 3 107 + 4 Ma
(basement granite, Swaziland, U-Pb single zircon, Kamo et
al, 159%0) and 2 871 & 30 Ma (Usushwana pyroxenite,

Sm-Nd, Hegnexr et al (1884). A recent U-Pb single zircon age
for an upper Agatha Formation rhyolite in S$waziland by
Hegner et al (19853) 1is 2 $84 + 2,6 Ma. Burger and Coertze
(1873} report a Rb/Sr age of 3 090 + 90 Ma for a lava in
the Nsuze Group.

artbeestfoniein area, two granites unconformably
erlyang the Dominion CGroup nave been daced at
20 + 5 Ma (Armstrong et al, 1990) and 3 174 Ma (Robb eb
al, 1981) (both U-Pb zircon dates). Recent U-Pb single
zircon dating from Syferfontein Formation qguartz porphyry
has yielded an age of 3 0741 + 6 Ma based on 5 concordant
and 4 discordant analyses (Armstrong et al. 1990) .
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FIGURE 71 Oligiomictic pebble-sup orted, large pebble congl

w1tg pebble sgze < 7 cmp{basai Rengstgrspruit ToReLnte
conglomerate on the farm Oorbietjiesfontein,
Dominionville area).

FIGURE 7.2 Thinloligigmi?tic pegble-supported small pebble
conglomerate  (upper Renosterspruit
_ﬁar% Oorbietjiesfonteiln, Domigionvif?ggéggifate oy e




In summaxry, the Nsuze and Dominion Groups appear Lo fall iv®
about the same age bracket.

LITHOSTRATIGRAPHIC COMPARISONS

A lithostratigraphic profile of the Domirion Group was
measured in the type area near Dominionville, west of
Klerksdorp in order to compare it with that of the Nsuze
Group (Map 16 a). The locality of the profile is also
indicated on Map 1lé a. -

The granitoid basement 1is poorly exposed in the type
locality near Klerksdorp and Ottosdal, but is reported to
consist of older light grey homogenecus granitoids becoming
schistose towards the base of the Dominion Group (Button
and Tyler, 1981). This schistose zone 1§ similar to that
occasionally seen immediately below the Nsuze Group
(western part of the Hartland basin and Mhlatuze River
inlier), pessibly  representing a deformed palaeosol
(Matthews and Scharrer, 1968).

The reference profile of the Dominion Group near

Dominionville 1is simplistically illustrated in Map 16 b.

It is also compared with a profile by von Backstrdm (1952,
1962 from the Ottosdal area. A much thicker wvolcano-
sedimentary pile is preserved in the Cttosdal area {(only a
portion shown in Map 16 b). It may be due to differential
rates of basin subsidence as suggested by Watchorn (1580},
or merely reflect removal of more material by erosion in
the Dominionville area relative to the Ottosdal area before
deposition of the Witwatersrand Supergroup.

The basal Rhenosterspruilt Formation is well exposed on the
farm OCorbietjiesfontein. It is some 35 m thick and
comprises a sequence of coarse arkosic guartzite,
gritstone, conglomerate and rare sericitic schist with
variable thicknesses. Two well-documented auriferous
conglomerate beds occur at the base of the formation. The
lower conglomerate (Map 16 b) contains large pebbles and
15 up to 1,0 m thick. The upper conglomerate is a thin
small pebble conglomerate separated from the lower
conglomerate by a cuartzite a few meters thick (Fig. 7.1).

The coverlying Rhenosterheoek Formation is some 600 m thick,
composed mainly of mafic amygdaloidal lavas {(Fig. 7.4) with
a few interbeds of tuff and felsic porphyry (Watzhorn,
1980). The lavas are green to grey in cclour. Microscopic
studies incdicate 1t to be mwmetamorphosed to at least
greenschist facies. The overlying Syferfontein Fermation
is soeme 1100 m thick and comprises massive gquarcz-feldspar
porphyry (Fig. 7.3), with occasional amygdaloidal textures,
and rare intercalations of mafic to intermediate lavas on
the farm Syferfontein 303. It is unconformably overiain by
orthoguartzite of the Orange Grove Formation of the
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FIGURE 7.3 Photomicrograph showing a tabular plagioclase crystal in

ahaltered green groundmass comprising microlithic q
plagioclase, quartz, cthr;te,.carbongtg,_gpggggg an
minor sericité. 5X magnification. (Syferfonteln
feldspar porphyry, Dominionville area).

FIGURE 7.4 Oval-shaped large quartz-filled amygdales in a green

thanitic mafic lava of the Renosterhoek Formation.
_(Doornfontein farm, NNE of Klerksdoro) .
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Hospital Hill Subgroup of the Witwatersrand Supergroup. In
the Ottosdal area the Svferfontein Formation contains some
thin {up to 70 m thick) pyrophyllite-ri™ units locally
known as ‘wonderstone’ . These units are thought to
represent altered volcaniclastic sedimentary units (Nel et

al, 1937).

Compared to the Nsuze Group the Rhenosterspruit Formation
can be correlated with the Mantonga Formaticn (Fig. 7.9).
The Rhenosterhoek and Syferfontein Formations would then
collectively form a correlate of the Pypklipberg Formation
of the Nsuze Group (Fig. 7.9). This implies that large
parts of the Dominicn Group h2z been removed by erosion
prior to deposition of the Witwatersrand Supergroup (Fig.
7.8). Recent work by Van der Merwe (1994) indicated that
a major unconformity exists between the Dominion Greoup and
the West Rand Group. This correlation also indicates that
isotopic age dates cannot be directly correlated. It would
be important to date felsites from the Pypklipberg
Formation for a more meaningful direct comparison to the
Dominion Group (Fig. 7.9).

To summarize, both the Dominion and Nsuze Groups are
underlain by similar age granitoid basement (i.e. 3107 Ma
to 3120 Ma), providing similar maximum ages to both groups.
The Syferfontein age of 3074 Ma represents the lower Nsuze-
correlate volcanic, which has not been accurately dated in

“the Nsuze Group. A poorly-constrained date of 3083 1 150

Ma was reported by Burger and Coetzee (1973) for a HNsuze
felsite (Rb-Sr whole rock). The Agatha Formation, which is
not preserved in the Dominion Group, is dated at 2984 Ma.
The 2871 Ma Usushwana age can be taken as a minimum age to
Nsuze/Dominion Group emplacement. En excellent
gecochronological match thus exists between the two Groups,
constraining their evolution to the period 3107/3120 to
2871 Ma. Age dating thus supports the interbasin
lithostratigraphic correlations proposed here.

GEOCHEMICRL COMPARISONS

A comprehensive Dominion Group geochemical database is
provided by Crow and Condie (1987), Bowen (1984) and Bowen
et al (1986} . A selection of Dominion Group lava analyses
from both the Rhenosterhcek and Syferfontein Formations
{from data published by the above workers) for compariscon
with the Nsuze Group database is given in table 3 (Appendix
1}. The database of Dominion lavas come wmainly from
borehole samples in the Hlerksdorp area.
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FIGURE 7.5 Log (Zr / TiQ2) va log (Nb / Y) diagram for the Nsuze and
Pominion data sets.
{diagram from Winchester and Floyd ,A977)
[symbols as in figure?. 6 below )
1 1 T T -|:"1 T-i1 = .l i T 1 1T T1T 1 |sl 13 T T 1 T 1 K Li
B Comfant I'u, Fhonalte B
4
i i —]
~ P —1
Fhyalte f - 1
F H / . -
; o o ! . 1
- . g e ‘,'? Trachite T
{-‘3 i I{f:s .'.
R - TreelY o —
SR = Flpodartellacie T e =
i E el T ]
- _ N Trachydrd e -
’7 Shdee T e B
o D— ) e, J
= O —
- “rdezte/fasalt - ~ =
- e 2 A L -
B Bl Bas ' .E::s.nJI'Jph
- Sl shos Basah ]
L”“” I 4 4 bood 1oy I 1 i A S O N I | 1 [ t | N W D IJ
_U1 A 1 11
Mih Y
FIGURE 7.6
el

. FeO* — (Na20 + K20) -

and Dominion data sets.
(diagram from Irvine and

Mg0 diagram for the Nauze

Barager , 1971}

[ © Total Nsuze database
A Renosterhoek Formation {Bowen , 1984 and
R Condie and Crow , 1887
Average Syferfontein Formation {Bowen et al ,1986)
* Average Renosterhoek Formation (Bowen et al,1988)]
7 }}'.)[a:-_]'[ffl;; e
, ey

Cale el alires

TR Iy




)

-133-

The total Nsuze database and the selected Dominion analyses
from table 3 are plotted on a log (2r/Ti0,) vs log (Nbh/¥)
diagram {(after Winchester and Floyd, 1977) in figgre 7.5,
The Dominion lavas have a bimodal nature with the
Rhenosterhoek lavas having a well-constrained andesitic
composition. In contrast, the average Syferfoptein
porphyry analyses plot in the rhyodacite/dacite field.
This appears to be 1in contrast to the continuum of
compositions defined by lavas of the Nsuze Group.

Similar to lavas of the Nsuze Group, the Dominion lavas
have both tholeiitic and calc-alkaline compositions on a
AFM diagram (Fig. 7.6, after Irvine and Barager, 1871).

The Dominion lavas are also very similar to Nsuze lavas if
other elements are compared. On a log (Zr/Y¥) vs log (zr)
variation diagram both the Nsuze and Dominion data show a
similar spread of data concentrated around the within-plate
basalt field (Fig. 7.7). On a Nb-Zr-Y ternary plot (Fig.
7.8) both groups are concentrated in the C-field (and BII
field) suggestive of a within-plate tholeiite.

A correlation between the Dominion and lower part of the
Nsuze Group (Mantonga and Pypklipberg Formations) thus
seems a distinct possibility. The geolegical evidence in
suppert of this statement can briefly be summarized as
follows:

a) Tbe similar stratigraphic seguence of the two groups
{(i.e. clastic sedimentary  rocks overlain by
mafic/felsic volcanics) .

b) Both groups are underlain unconformably by granitoid
basement (sometimes with a possible deformed palaeosol
at the contact) and unconformably overlain by
arenaceous sedimentary rocks of the Mozaan and West
Rand Groups. The West Rand Group has been rigidly
correlated with the lower part of the Mozaan Group
(Beukes and Cailrncross, 1991) .,

c) The two groups have approximately similar radiometric
ages.

[

The geochemical signatures of the Nsuze wvolcanics are
very similar to those of the Dominion volcanics with
data plotting in close proximity on mest variation
diagrams. In perticular, the concentratioen of
immobile incompatible trace elements are very similar.

e) Both groups have a similar alteraticon and metamorphic
overprint, possibly indicating a similar geological
history. .
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FIGURE 7.7 ng {Zx:/fj va laog Zr diagram for the Nouze and Dominion

data sets . {diagram from Pearce and
Norry ., 1979 )
[ symbals as for figure7.a below 1
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The provenance for Dominion conglomerates consisted
mainly of granite with subordinate contributions from
mafic to ultramafic lavas and older arenices {Reimer,
1986) . This provenance 1is similar to that proposed
for the Nsuze Group.

Reimer (1986) proposes that Witwatersrand
conglomerates were partially derived from arenaceous
seguences in the Dominion Group, implying that the
latter had a much wider geographic distribution. Thus
it- may well have been part of the Nsuze Group
depository.

Dominion geochemistry suggests deposition in a failed
continental rift-basin tectonic setting {(Bickle and
Eriksson, 1982; Clendenin et al, 1988; Stanistreet
and McCarthy, 1991), this scenario is similar to that

- proposed for the Nsuze Group (Armstrong et al 1982,

1986, Burke et al. 198S5).
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CHAPTER 8: DISCUSSION

8

. L

"INTRODUCTION

In this chapter the depositional environment of the Nsuze
Group will be discussed. once this 1is established, an
attempt will be made to place the sequence 1nto some type
of tectonic setting.

DEPOSITIONAL ENVIRONMENT

The lithostratigraphic sequence along the Mantonga River
traverse is thought to be representative of the spread of
depositional environments in the Mantonga Formation. The
conglomeratic zone at the base_of the Mantonga Formation
most probably indicates a high energy fluvial depositional

environment. The overall nature of the sedimentary rocks
in the Mantonga Formation suggests deposition in a distal
sandy braided stream environment (Figure 8.1). It 1is

suggested that the Mantonga Formation has features similar
to the sandy braided systems o©of the South Saskatchewan
(Cant and Walker, 1978) and Platte River (Smith, 1970).
This interpretation is supported by Watchorn and Armstrong
(1980) . The overall small scale of cross-stratification {«<
1,0 m high) and the relative absence of significant shale
units suggests shallow water conditions with rapid lateral
migration of channels. The shale units near the base of
the formation are transgressive, possibly indicating
periods ~of marine flooding between fluvial depositional
events, -

The diamictitic _.units within the dominantly arenaceocus
Mantonga Formation need special explanation. The massive
nature of the diamictites suggest rapid deposition. One
must also account for the polymictic clast population in
the diamictites, which range from granite to guartzite to
volcanic fragments. A mixed epiclastic/pyroclastic origin
for <the diamictites 1s thus envisaged. Pyroclastic
material probably became mixed with fluvial detritus
(including rounded clasts) in a tectenically unstable
environment to produce the diamictitic units. It 1is
pessible that unconsolidated pyroclastic or tuffaceous
accumelations flowed downslope to mix with £fluvial material
and to be partially reworked under fluvial conditions on
braided alluvial plains. Pyroclastic and tuffaceocus
material ccould also have been erupted to land directly on
the braided alluvial plains where it beccme mixed with

fluvial detritus. - Watchorn and Armstrong {1980}
diagrammatically-propose such a palaeocenvironmental model
for the Mantonga Formation. Point count analyses on

arenites from the Mantonga Formaticn (plotted during this
study) suggest a craton interior provenance on a Qm-F-Lt
diagram {after Dickinson and Suczek, 1979).
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Eventual denudation of the granitic provenance area
apparently caused a decline in fluvial activity towards the
upper part of the Mantonga Formatlon. Sedimentation was
succeeded by the extrusion of large volumes of mafic lavas
representing the lower part of the Pypklipberg Formation.

The Mantonga Formation in the Amsterdam profile (Fig. 4.1)
has & similar basal conglomeratic zone to that in the
Mantonga River profile succeeded by diamictitic beds.
Here the middle and upper parts of the Mantonga Formation
are dominated by upwards - fining arenite successions and
flat bedding. Such structures could indicate high energy
shallow water depositional conditions on a braided fluvial
plain. Two major shale units may again indicate marine
transgressions.

The well-bedded orthoquartzites with basal conglomerate and
sporadic arkosic grit layers at the base of the Mantonga

‘Formation in the White Mfolozi River inlier most probably

represents a thin marine transgressive deposit (Matthews,

'1967) (Fig: 8.1).” -

Palaeocurrent directions din the Mantonga Formation
throughout the Nsuze basin suggest a flow direction from
the northeast (as in the White Mfolozi River iniier) to the
southeast {as in the western part of the Hartland basin).
The wvariation in palaeocurrent directions may reflect an
initial irregular palaeotopography over which the braided
streams flowed or may be due to a wvariety of marine
currents in orthoquartzite units (Figs. 4.9 and 8.1)

The Pypklipberg Formation is characterised by lavas, being
deminated by basalts, basaltic andesites and andesites.
The formation is also characterised by subordinate
explosive volcanic activity ({(locally significant at the
Mpongoza inlier). The Pypklipberg lavas (excluding cthe
felsic volcaniclastics of the Mpongoza inlier) were mainly
extruded under subaerial conditions. This can be deduced
from tne proposed presence of braided fluvial sediments in
the basal Mantonga Formation, indicating continental
depositicn. The scaxcity of pillow structures or other
evidence of subaqgueous deposition, alsc points towards
gubaerial deposition. Poorly-developed pillow structures
were observed at the base of the Mantonga River profile
section and within the White Mfolozi River inlier
(Fig. 4.10), but these are not typical of the Pypklipberg

- Formation. Armstrong (1980) suggests that the lack of any

sedimentary intercalations within this formation also
points towards a dominantly subaerial extrusion (Fig. 8.1).
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Ceochemically the lavas of the Pypklipberg Formation plot

in the continental field of the FeO* -MgO-AL,0;
discrimination diagram of Pearce et al 1977, which may also
indicate subaerial extrusion. The extrusion of the

pypklipperg lava flows probhably took place from a large
number of vents, considering the wide distribution of the
lavas.

The composition of the Pypklipberg Formation in the

Mpcngoza inlier, as reported by Preston (1987}, differs

from that in other areas {(refer to Fig. 4.10 (3}). - The

Pypklipberg Formation here comprises a lower mafic lava

sequence, which was extruded in a similar fashion to that

described above, overlain by a felsic volcaniclastic

sequence. Preston (1987) suggests that the felsic

volcanics represent ignimbrite or pyroclastic flow units.

breston  (1987) could not determine the nature of the

eruption centre for these flows i.e. whether it was a

single vent, a cluster of vents or-a fissure. Considering-
the localized nature of this felsic pyroclastics within the

Pypklipberg - Formation, a single vent seems probable.

Subseguent to the pyroclastic {or ash) flows there was a
period of guiescence during which time the erupticn centre

became saturated (Preston, 1887) by ash material. This

resulted in-.a short period of explosive volcanicity at the

top of the Pypklipberg Formation in the  Mpongoza inlier
(Fig. 4.10 (3)).

Subsequent to deposition of the Pypklipberg Formation,
widespread basin subsidence occurred creating favourable
conditions for the accumulation of the sedimentary seguence
of the White Mfoleozi Formation. The Lype profile of the
white Mfclozi Formation {in the White Mfolozi River inlier)
comprises a succession of alternating siliciclastics,
volcaniclastic diamictites and carbonate sedimentary rocks.
The succession is thought to have been deposited in a tide-
deminated environment of an epicontinental sea (Fig. 8.1}.
FiA tice-dominated depositional environment produces
characteristic sedimentary structures depending on the
position within a tidal flat (Klein, 1877). Sedimentary
deposits of tidal flats are characterised by the following
features, many of which are found within the White Mfolozi
Formaticon, i.e. symmetrical and asyvometrical rippie marks,

cross-stratification, wavy bedding, flaser bedding and
lenticular bedding, shrinkage cracks, interlaminated silt
and wmwud, and thin rhythmic lamination in the figer
sedimentary layers (von Brunn, 1974; Klein, 1977). Th=

panded shales near the base of White Mfclezl Formation,
which grade upwards into interbedded shales and siltstones
could represent distal marine shelf deposits.
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The thick dominantly arenaceous seguence, overlying the
argillaceous unit, comprises alternating subtidal and
intertidal facies with characteristics similar to that
described by Klein (1972). The succession probably formed
by the progradation of tidal-flat {inter-tidal} sediments
across sub-tidal environments {Tankard et al, 1982)
controlled by sea level rise and fall. The intertidal
sediments are characterised in particular by shale rip-up
clasts, symmetrical and asymmetrical ripple marks,
desiccation cracks and well-developed cross-stratification.
The mature, medium-to-coarse grained well-bedded quartzices
in the White Mfolozi Formation, which show well-rounded
gquartz grains and the absence of any features indicative of
subaerial emergence, are 1likely to have formed in @
subtidal depositional environment ({(in particulaxr the thick
guartzite units 1in the Nkandla Central Synform}. The
occasional thin shale units, within the formation, are
likely to reflect an upper tidal flat depositional
environment (especially if they contain mud cracks).

The carbonate units in the White Mfolozi Formation contain
similar sedimentary structures to that in th2 siliciclastic
sediments, suggesting a similar depositional environment.
Von Brunn and Mason (1977) report the occurrence of
stromatolitic chip conglomerates in the carbonate units
-suggesting that the bilogenic structures were subjected to
occasional emergence, desiccaticon and subsequent erosion.
A study on the environmental control on diverse
stromatolite morphologies from the thick dolomitic unit in
the type profile by Beukes and Lowe (1989%), indicate that
the various stromatolite facies formed in tidal
environments. Stratiform stromatolites formed in upper
intertidal environments, domal stromatolites in middle
intertidal environments, columnar stromatolites in lower
intertidal environments and conical stromatolites in high
energy subtidal channel environments.

The various partly volcanogenic diamictite units within the
White Mfolozl Formation most probably reflect syn-
sedimentary volcanic events. The diamictites sometimes
contain quartzite, vein quartz, granite and altered
volcanic clasts set in a chloritic matrix with dispersed
semi-rounded quartz grains in it, most probably reflecting
the velcano-sedimentary nature of the units.

The vertically recurring subtidal to intertidal deposits
within the White Mfolozi Formation could be due to
cintermittent tectonic subsidence coupled with continued
progradation due to a continued supply of sedimentary
material (Von Brunn and Mason, 1977). Sedimentation rate
and subsidence rates began to wane towards the top of White
Mfolozi Formation. A period of erosion probably occurred
before the commencement of Agatha Formation volcanism as
indicated by the unconformity between the White Mfolozi and
2gatha Formations along the type profile.



The 1lavas of the Agatha Formation display geochemical
signatures ranging from basalt to rhyolite, with a
significant volcaniclastic contribution. The = seguence
displays contrasting volcanic styles in different areas.
A few profiles of the Agatha Formation will be briefly
discussed to give an indication of the spectrum of volcanic
conditions that prevailed during deposition.

In the southern domain the Agatha Formation {(excluding the
sequence at the Mpongoza inlier) 1s largely composed of
amygdaloidal mafic lava with minor  volcaniclastic
interbeds. Pillow structures have been observed near the
base of the succession in the Buffalo River inlier (Dixon,
1991} and at the base and top o©of the succession in the
White Mfolozli River inlier ({(also recorded by Matthews,
1867} . These structures, although uncommon, indicate that
some of the lavas extruded under water. A series of
volcanic vents are envisaged, with a continuous eruption of
lavas resulting in complexly interdigitated lava flows of
~varying composition. - The 150 m thick arenite member in the
middle of the sequence in the Buffalo River inlier must
represent a period of wvolcanic gquiescence. It 1is
correlated with the ©Ntambo Member, which is mainiy
arglllaceous in the northern domain. The source area of
the siliciclastics was thus most probably to the south
{Fig. 8.1). The pgatha Formation in the north differs from
that in the south 1in that it c¢ontains a lower felsic
portion, separated from a wmafic uppexr portion by a
widespread argillite + volcaniclastic {Ntambo Member). In
the western part of the Hartland basin mafic lavas domlnate
below and above the Ntambo Member .

in southwestern Swaziland and east of DPiet Retief,
deposition of the White Mfolozi tidalites was followed by
large scale felsic wvolcanism. Hatfield (198%0) suggests
that these felsic lavas were extruded from a number of
volcanic centres, considering the high viscosity of felsic
lavas and their wide distribution. Hatfield - (1990}
documents minor quartz wackes and argillites within the
felsic succession east of Piet Retief, which he suggests to
represent fluvial sediments deposited during brief periods
of volcanic guiescence. The end of felsic volcanism in the
northern domain was characterised by intermittent explosive

pyroclastic activity (Hatfield, 1590), the products of
which were deposited in the argillaceous Ntambo Mewher
wnich succeeded felsic wvelcanism. The XNtambo Meroer

possibly represents a period of basinal subsidence in the
northern domain, with resultant deposition of a marine
shale unit. Deposition of the shale was interrupted by
depeosition of pyroclastic debris and localised thin lava
flows.
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The mode of formation of the pyrophyllite schists within
rhe Niambo Member is unresolved at this stage (Hatfield,
19380} . Deposition of the Ntambo Member was followed Dy
extrusion of a large volume of lavas with intermediate
composition. The lavas were prcobably erupted under csimilear
conditions to that of the Agatha Formation in the southern
domain, with subaerial conditions and localized depressed
areas in which pillow lavas formed in subaquecus
environments (Fig. 8.1).

In some areas the Agatha Formation i1s capped by reworked
pyroclastic / volcaniclastic material, indicating a period
of explosive volcanism terminating the Agatha volcanic
cvent. The products of this explosive volcanism form part
of the Roodewal Member, which forms the base of the clastic
Langfontein / Vutshini Formation (Fig. 8.1).

The Mfenyana Subgroup essentially represents a major period
of clastic sedimentation, following the pericd of Agatha
volcanism. The Mfenyana Subgroup in some localities
comprises a basal Rcodewal Member (Fig. 4.30), which varies
in thickness from in excess of 1 200 m (NQ2 drillhole} to

about 10 m {east of Piet Retief). The thick conglomeratic
Roodewal Member intersected 1in NQ2 1is 1interpreted as
evidence -for- a  tectonically-active depositional
environment. It may have formed along a fault scarp.

Continucus uplift of a dominantly volcanic source (probably
Agatha Formation volcanics) provided the volcanic detritus
for the Roodewal Member, which is seen in NQ2 as a proximal
pertion of a clastic wedge thinning away from a steep
uplifted source.- Similar, but much thinner, wvolcanic
pebkble conglomerates are found in the Roodewal KMenber 1in
the western part of the Hartland basin locally interbedded
with and overlain by fine-grained rock types, which
Armstrong (19380} terms volcarogenic sediments, These
volcancgenic sediments are interpreted by Armstrong (15£0)
to include epiclastic volcaniclastites, airfall tuffs,
accretionacy lapilli tuffs and arenaceous and argillaceous
lenses with some minor lava flows. The Roodewal HMewber
thus also locally represents the last pulses of Agatha
volcanism.

It may be significant that the Roodewal Member is not
preserved throughout the Nsuze basin. This could be due to
either non-devosition or vost-depositional removal prior to
the depesition of the thick overlying sedimentary rocks of

the Langfoncein/vutshini Formation. A conglomerate with
pebbles up to 2 om in diameter at the base of the
Langfontein/Vutshini Formation probably marks an
unconformity in the MNkandla Central Syncline. Strata of

the Langfontein/Vutshini and tMkuzane Formations, overlying
the Roodewal Member, were most probably deposited in a
shallow marine shelf environment. The Mfenyana Subgroup
constitutes a series of upward cocarsening progradational
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packages with shales at the base coarsening up through the
transitional =zone shales, with intercalated guartzites,
into shoreface arecnites at the top. Similar progradational
sequences are reported by Reineck and Singh (1980} to be
relatively common in the geological record. The thick
quartzite successions in the Nkandla Central Synform
reflect shallower shoreface deposits relative to that in
the Magudu area. The basin thus most probably deepened
from Nkandla towards Magudu (Fig. 8.1).

It ig interesting tec note that the diamictite unit in the
Langfontein/Vutshini Formation in the Buffalo River inliex
(Fig. 4.30), probably reflects local syn-sedimentary
volecanism here 1.e. localized wvolcaniclastic massflow
deposits.

The Mfenyana Subgroup 1s overlain by the wvolcanic EZkombe
Formation, which 1s only preserved 1in the core of the
Nkxandla Central Synform. It represents a third episode of
volcanism 1in the basin. Towards the north it has
“apparently been removed by erxosion priocr to deposition of
the Mozaan Group.

The Nzimini Formation (its correlation is uncertain) in the
southern domain  comprises mainly wvolcaniclastics, with
subordinate arenites, argillites and amygdaloidal lavas.
The volcanic lithologies are interpreted to be pyroclastic

in origin {(Groenewald, 1984; Dixon, 19915 . The wide
elliptical distribution of the Nzimini Formation (Map 1)
may reflect a significant eruption column height. The

thick pyroclastic units could be the function of several
explosive events which resulted in depesition of ejecta

over a wide area. Large boulder-siczed (> 64 mm} clasts
~wlthin the Nziwini Formation {(Fig. 4.42) could represent
ballistic zlasts (Cas angd wWright, 1967) deposited near to
explosive vents. The larger proportion of the pyroclastic
aeposits are tuffaceous (lithified ash derived from fall
deposits) with grain size < 2 mm. The highly polymictic

clast assemblage in certain units, the occasional roundad
shape o©f these clasts, the large proportion of rounded
quartz gralns and rars poorly-preserved stratification
suggests a certain amount of reworking of the sedimentary
material in a subacgueous envirpnment.
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NSUZE EVOLUTION AND TECTONIC SETTING ' -

It is increasingly recognised that a wide wvariety of
domzains, including continental margins, back arc basins and
within- plate rifts are preserved in the Archaean recoxrd
(Hunter, 1991) and that plate tectonic processes must have
operated since Archaean times (Thomas et al, 1993). The
Archaean-Proterozoic boundary is conventionally drawn at
the time of cratonic stabilization, which resulted from a
decreases in heat flow and an increase in the thickness of
continental crust (Thomas et al, 1993). The Nsuze Group 18§
of special significance as 1t represents a Proterczolic-
style volcano-sedimentary basin accumulation, yet it is

dated at about 2,9 - 3,0 Ga. The Archaean-Proterozoic
boundary has traditionally been drawn at about 2,5 Ga
(Miall, 1984). The Pongola Supergroup 1s suggested Dby

Matthews (1990} to represent the ocldest _intracratonic
sequence in-the world and was formed before the granite-
greenstone -phase of crustal evolution had ended in other
Archaean-age lithosphere segments (for example; the
central part of the Kaapvaal craton, within which the Nsuze
basin is sited, attained tectonic stability about 600 Ma
earlier than the Zimbabwe craton - Thomas et al. 1993).
T, e [

This suggests that_cratonisation was a <continuous procéss
which Dbegan early in the KXaapvaal craton through the
emplacement of tabular granitic batholiths which resulted
in a relatively stable, high standing sialic-crust, capable
of sustaining volcano-sedimentary basin accumulations such
as the Nsuze Group.

Hunter (1991) notes that the lithologies of the Pongola
(and Witwatersrand) Supergroup are important for £wo
reasons, irrespective of their tectonic setting. Firstly,
the often tholelitic lavas in the Pongola Supergroup are
dramatically different to the high-Mc komatiitic flows that
characterised the immediately proceeding greenstone-type
volcanism {(the tholeiitic lavas are time-equivalents of
komatiitic volcanism in other Archaean environments).
Secondly, the great Pongola-age thicknesses of clastic
sediments imply that extensive continental crust existed by
=~ 3,0 Ga. The development of the Pongola (and tha
Dominion, Witwatersrand and Ventersdorp) basin in the
central ancd southern parts of the FKaapvaal craton was
contemporaneous with the accretion of the Late Archaean
granite-greenstone terranes in the western and northern
Kaapvaal craton {Thomas et al. 1693).
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It has long been recognised that the detrital composition
of clastic rocks is related to the tectonic setting of
their source area (Miall, 1984). Point count analyses of
detrital grains from clastic units in the Mantonga, White
Mfolozi and Langfontein/Vutshini Formations in this study

have been complicated by varying degrees of
recrystallization in  these  units. Despite  this
complication, continental Dblock oxr craton interior

provenances are indicated (using diagrams after Dickinson
and Suczek, 1979) for Nsuze Group clastic sediments. These
sediments are noted for high guartz and very low lithic
fragment contents, probably reflecting a derivation from
crystalline Precambrian granitic sources. This craton
interior, granitic continental block provenance now needs
to be interpreted in terms of plate tectonics. The volume
of the Pongola basin has been estimated by Hunter (1891) to
be in the region of 75 000 - 100 000 km’® within the present
limits of uncertainty. The regional correlations shown in
this study for the Nsuze Group and its possible correlation
with the Dominion Group, suggests that the volume of the
"Ponigola basin far exceeds the estimation of Hunter (1991).

Before any conclusions regarding the tectonic setting of
‘the Nsuze Group-can be made,- a furthér statement regarding
conditions during the Precambrian is required. At present
very little 1is known about genesis of magma in the
Precambrian and it seems likely that many of the wvariables
controlling present day magma formation have changed with
time. A few of these variables are suggested by Pearce and
Cann {(1573). to be:-

a. Precambrian mantle would have undergone less melting
episodes and therefore might have been more enriched
in incompatible elements

b. high;r Precambrian heat flow could have resulted in
part;al melting at a shallower level than at present
and involved different liguidus phases

C. factors 1like degree of partial melting and the
partitioning of trace elements are unknown for the
Precambrian

d. major tectonic influences on magma composition, such

as mantle recycling processes, rate of plate movement
and even the nature of the tectonic regimes
themselves, are unknown for the Precambrian.
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The interpretation of Precambrian-age volcanic rocks using
geochemicél tectonic discrimination diagrams applicable to
Phanerozoic age volcanic rocks should be made considering
the above reservations.

The geochemical composition of lavas support a within-plate
continental tectonic setting for the Nsuze Group.
armstrong (1980) also suggests that. the depository of the
Nsuze Group was intiated in a continental setting on a
cratonic crustal segment.

In terms of plate tectonics, the setting of the Nsuze Group
is thought to best be correlated with intraplate volcanism
and sedimentation (Armstrong, 1980). Armstrxong {1980)
suaggests that this setting does not find an exact analogue
in modern day environments.

Geochemical similarities between Nsuze pelites and
Phanerczoic NASC shales, suggest that the Nsuze (and
Pongola) source was very similar in composition to average
Phanerozoic upper continental crust. The primarily
granitic basement to the Nsuze Group throughout the basin
supports Wronkiewicz and Condie’s (1989) suggestion that
K,0-rich granites were a major sediment source during-
Pongola sedimentation. Velzer and Jansen {(1279) propose
that mafic to felsic transitions in the chemical
composition of sediments occurred from 3,0 to 2,0 Ga,
reflecting major continental crust processes. The Pongola
pelites are more felsic than the Moodies Group pelites (>
3,3 Ga, McLennan and Taylor, 1983).. This compositional
transition is thought to be related to the intrusion of
videspread K,0-rich granitic plutons on the Kaapvaal craton
between 3,2 and 2,9 Ga (Anhaeusser and Robb, 1981). These
granitic plutons are post-Greenstone belt in age and
fregquently form the basement to the Nsuze Group (see Figure
1 for granite distribution) .

Wronkiewicz and Condie (1989) have isotopically shown that
these K,0-rich granites are in fact the major Nsuze sediment
source. Large volumes of magma were generated during this
magmatic event and is considered by Annhaeusser and Robb
(1981) to also represent the main event contributing to
formaticn ©f the Kaapvaal craton. The earliest mafic to
felsic upper crustal cycle is recorded from the deposition
of the Moodies (~ 3,3 Ga) to the ~ 3,0 Ga Pongola
successions. The sediments of the Dominion Group and the
Orange Grove Formation of the Witwatersrand Supergroup can
also be included in the felsic-rich portion of this cycle.
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Burke et al (1985) has suggested that the rocks of the
Pongola Supergroup (of which the Nsuze Group form; the
pase) display many features that are characteristic of
rocks deposited in continental rifts (i.e. a divergent
margin basin in a plate tectonic context). These features
include: rapid lateral wvariations in thickness and
character of sediments, volcanic rocks which are bimodal in
silica content, coarse basement-derived conglomerates, and
thick seguences of shallow water sedimentary facies.

This study only partially agrees with the criteria used by
Burke et al (1985). The Nsuze Group has volcanics showing
both tholeiitic and calc-alkaline affinities with a whole
continuum in the silica content (not only bimodal). There
is 1indeed a substantial wvariation in strike thickness
within the Nsuze Group Formations introduced here, however
the influence of unconformities and post- depositional
tectonic events on presently preserved formational
thicknesses should not be discounted. Also, the large
scale correlations demonstrated here, suggest similar
depositional conditicns throughout the Nsuze basin. The
immature nature of some of the basal Mantonga Formation
sediments demonstrates they were derived, at least
partially, from a locally uplifted granitic source. The
“variable thickness of the IFantonga Formation can also
partially be attributed to fluvial deposikion over an
uneven basement floor.

Matthews (1990} presented a plate tectonic model in support
of that of Burke et al (1985), suggesting that the Pongola
seguence was deposited in a continental rift environment.
Matthews (1990) proposes that the Pongola Supergroup was
deposited within two connected, but contrasting structural
domains. The N-S trending northern structural domain
evolved as a major half-graben syndepositional rift basin
Oor aulacogen, while the E-¥W trending southern structural
domain evolved originallv as part of an epicratonic basin
situated at the southern end of the Pongola aulacogen which
broacdened out southward as part of a subsiding continental
margin. He also infers that this margin was located along
part of a transform plate boundary with a major ocean
basin. Matthews (1990) alsoc proposes that the Pongola
Supergroup was subsequently subjected to a post-
depositional deformational history of alternating periocds
of extensional and compressional tectoeonics, which accounts
for the present Pongola Supergroup outcrcp pattern. In
support 0f his model Matthews (1990) refers to
palasomagnetic evidence guoted by Piper (1983} in which the
present southern margin of the Kaapvaal craton and the
associated late Archaean Pongola Supergroup would have been
located along part of an extensive continental margin.
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The original southern limit of the Pongola basin has been
- disrupted by the Natal thrust front (Map 1). The Natal
Province is actually a vyounger allochthonous terrane
emplaced upon the southern portion of the Kaapvaal craton
as a series of nappes at & suture zone about 1,0 Ga ago
(Matthews, 1981). Tt seems likely then that the Nsuze
basin extended further southward than presently exposed,
being buried under the Natal mobile belt. It is possible
that the enigmatic Nzimini Formation originates from such
a southern provenance. It may have been transported by
thrusting to its present positicn in the southern domain.
Dixon (1993} suggests that the Nzimini Formation in the
Buffaleo River inlier is allochthonous, representing a
previously unrecognised western extension of the Nsuze
nappe, a term introduced by Matthews (1990) for the Nkandla
area. Dixon (1992} also suggests that the Nzimini district
belongs to the northern margin of this nappe structure.
This nappe interpretation introduces the concept that the
Nzimini Formation originated elsewhere (to the south of
present day Nsuze Group outcrops) and that it could not be
Nsuze 1in age. This could explain the localized
distribution of the Nzimini Formation, with no correlates
in the northern domain. To date the question of whether
the Nzimini Formation lithologies are allochthonous or
autochthonous has not been be resolved.

At this stage 1t is appropriace to comment on the
metamorphic grade of the Nsuze Group, as revealed by thin
section studies. * This information may provide clues to the
evolution of the Nsuze stTata. The Nsuze Group hags been
subjected to regional low-grade metamorphism. Nsuze
mafic/intermediate lavas are generally characterized by the
mineral assemblage: plagioclase {albite?) + sericite =+
chlorite + quartz + tremolite/actinolite z epidote =+
calcite =+ other accessory minerals. In the felsic
volcanics, . the mineral assemblage is similar except for a
mgrginally higher quartz content and for the presence of
biotite.and saussuritized plagioclase, phenocrysts. Nsuze
Group argillites are characterized by the assemblage
chlorite + quartz + sericite / muscovite + epidote.
According to Winkler (1979), low grade metamorphism is
characterized by the mineral assemblage: chlorite +
zoisite / clinozeisite + actinolite + quartz. The minerals
chlorite, actinolite, white mica, Fe-rich epidote and
others are already present in rocks of very low grade. The
minerals identified as epidote in this study could well
include non-Fe-rich epidotes ie. c¢linozoisite. In
addition to Fe-rich epidote Groenewald (1984), also
recognises substantial amounts of clinozoisite in pelites
and volcanics from the Nsuze Group in the Nkandla area.
The absence of minerals diagnostic of very low grade
metamorphism {(viz. limonite, prehnite, pumpellyite,
lawsonite, etc) and the absence of minerals diagnostic of
medium grade conditions (including cordierite and

-
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staurclite) coupled with observed low grade assemblages in
this study (excluding assemblages from the Magudu area
which have alsoc been subjected to contact metamorphism)
allows a confident conclusion that Nsuze Group volcano-
sedimentary assemblages have been subjected to low grade
greenschist facies regional metamorphic conditions,

The regional correlations established for the Nsuze Group
and: for the Lower Mozaan Group (Beukes and Calrncross,
1991), and their likely correlations with the Dominion and
West Rand Groups respectively, emphasize the potential
sizes of the primary Nsuze -~ Dominion and Lower Mozaan .-
West Rand basins. It is significant to note that Nsuze
strata can be correlated across the Melmoth basement arch.
This may suggest that most of the upwarping of this
structure occurred in post-Nsuze times.

it is .possible :that initial upwelling of .hot mantle below
the recently created stable cratonic™ conditions in the
southeastern Xaapvaal craton induced 1nitial -localized
uplift and horizontal tensional stresses. This created the
depositional setting for the ’'divergent margin’ Nsuze basin
(Fig. 8.1). Extensional tectonics here was assoclated with
thick lava flows (the three volcanic formations of the
Group} and occasional syn-depositional pyromlastic
volcanism (the diamictites now preserved within the
gsiliciclastic formations of the Group).

Initial sedimentation rates in the Nsuze basin were most
prebably rapid (presented by the largely fluvial Mantonga
Formation}, ‘but gradually basin subsidence rates began to
exceed sedimentation rates with the <c¢lastic Nsuze -
formations reflecting increasingly deeper vater
depositional conditions. The White Mfolozi Formation
represents a tide-dominated depositional-environment, with
the Mienyana Subgroup reflecting deposition in a shallow
marine shelf environment (Fig. 8.1). The wvolcanic
formations also reflect increasingly deeper depositional
conditions, with the upper part of the Agatha Formation
displaying pillow lavas. The thick accumulation of the
shallow marine sediments of the Mfenyana Subgroup in the
Magudu area suggests that this area subsided rapidly. Pre-
Mozaan uplift and exosion however could have removed
Mfenyana Subgroup lithologies from other areas within the
Nsuze basin, making this assumption difficult to
substantiate.

2n attempt will now be made to summarize the tectonic
evolution of the Nsuze Group using the data accumulated in
this study. The tectonic evolution summary will commence
at the Mantonga Formation and end at the lower part of the
Mozaan Group (refer to Fig. 8.1).



~-151-

The Mantonga Formation could represent an initial
rifting phase (extensional tectonics), with
sedimentation taking place over an irregular granitic
basement within an intra-continental basin.

A period of uplift followed, possibly caused by
thermal updoming. Thermal  tensional  stresses
prevailed. Assoclated with the uplift was a period of
ercsion, prior to Pypklipberg volcanism (inferred
unconformity - between - Mantonga and - :Pypklipberg
Formation) .

Pypklipberg Formation lava flows, possibly from a
large number of vents. Local explosive volcanism (as
at Mpongoza inlier).

Nsuze basin subsidence, probably caused by the weight
of the Pypklipberg  lavas  and due to the heat loss
after volcanism. White Mfeolozi Formation
sedimentation and transgression. —~ Localised syn-
depositional tectonic instability (as marked by
various diamictite units).

After White Mfolozi sedimentation another thermal
uplift event occurred with associated tensional
stresses. An erosional period occurred as indicated
by the unconformity between the White Mfolozi and
Agatha formations.”

Agatha Formation lava flows formed under similar
conditions to the Pypklipberg Formation. The Ntambo
Member represents local periods of volcanic
quiescence, 1n particulary th2 northern domain. Local
explosive volcanism (Fig. 8.1}.

Period of tectonic instability and extensional
sSLresses. This period signifies the end of Agatha
volcanism and is a precursor to Langfontein/Vutshini
Formation basin subsidence. The locally significant
Eoodewal Member is a record of this period of tectonic
instability.

Another period of basin subsidence, again probably
induced by the weight of the hgatha volcanics and heat
loss after volcanism. Langfontein/Vutshini Formation
transgressive sedimsntation.

- Continued localized subsidence allowed Mkuzane

Formation sedimentation.

Further thermally induced uplift with asscociated
tengional stresses. A period of erosion followed
{(inferred unconformity at the base of the Ekombe
Formation - Fig. 8.1).
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11. Ekombe Formation lava flows. Possibly restricted to
southern domain.

12. A period of subsidence probably followed Ekombe
volcanism (similar to that after the Pypklipberg and
Agatha Formations). This subsidence could also have
been localized, with the sediments deposited not being
preserved. End of Nsuze deposition.

13. Large scale uplift, probably also driven by thermal
updoming. Large scale erosion occurred, removing
varying amounts of Nsuze strata throughout the basin.
Magma did not reach the surface (as during Nsuze
rimes) . This pericd of erosion is marked by the
Nsuze-Mozaan unconformity (Fig. 8.1).

14. Large scale basin subsidence with subsequent Mozaan
Group transgression.

The Nsuze Group deposition can possibly be subdivided into

three cycles. A cycle commences with a thermal upliftc
phase (volcanism) and ends 1n a subsidence phase
{sedimentation) (Fig. 8.1). The top of the upper third

cycle has been effected by the Mcozaan unconformity.

The lower Mozaan Group 1is deveoid of any volcanics, has a
higher shale: quartzite ratio and is less deformed than
the Nsuze Group. A substantial time gap thus most probably
separates the Nsuze Group from the Mozaan Group as
manifested by the low-angle unconformity between the two
groups (Beukes and Cairncross, 1991). Bickle and Eriksson
(1982) suggest that the Mozaan seguence represents the
thexrmal subsidence phase of the Pongola basin. Thermal
subsidence is characterised by broad crustal down-warping
due to thermal cooling and contraction. It followed the
initial rift phase during which Nsuze strata were
deposited.

Pongola deposition was followed by a period of mafic
plutonism 1in the northern domain around 2 870 Ma,
represented by the Usushwana mafic suite. Basalt and
basaltic andesite wvolcanism (Ventersdorp Supergroup)
occurred around 2 700 Ma over the Witwatersrand part of
Pongola - Witwatersrand basin. The period 2 500 - 2 800 Ma
saw the intrusion of potassic granites (referred to as
pecst-Pongola granites in this study), which left a marked
tectonic and metamorphic imprint on adjacent Pongola
lithologies as seen in the Magudu area (Hunter 1991).



CHAPTER 9: SUMMARY AND CONCLUSIONS - .
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.1

DISTRIBUTION

The volcano-sedimentary Nsuze Group crops oubt 1in several
areas in southwestern Swaziland, southeastern Transvaal and
northern Natal. This study has investigated all major
Nsuze Group exposures in the area. An attempt was made to
delineate the full extent of the Nsuze Group (Map 17).
heromagnetic and gravity geophysical trends (shown in Map
17) have been used in associatiocn with known surface
geology to estimate the total preserved distribution cf the
Nsuze Group. Generally speaking, aercmagnetic highs are
expected to coincide with the highly ferruginous lower
Mozaan strata, although some smaller aeromagnetic highs
could also be attributed te magnetic sedimentary rocks in
greenstone belts. Gravity lows are attributed to granitic
bodies (post and pre-Pongola in age), while gravity highs
are thought  to represent dense, thick velcano-sedimentary
accumulations. These simplistic geophysical guidelines
apply well to outcropping geolegy shown in map 17 and
suggest a wide suboutcrop distribution of the Nsuze Group
in the southeastern part of the Kaapvaal craton. The
inferred suboutcrop distribution of the Nsuze Group to the
west of known distribution of Nsuze outcrops dramatically
increases the potential size of the Nsuze basin. It is
important because it may provide a link with the Dominion
Group which is exposed further to the west.

The thickest remnant of Nsuze strata occurs in the northern
domain, centred in the Magudu area and the Hartland basin.

LITHOSTRATIGRAPHIC SUBDIVISION

The Nsuze Group is subdivided into eight formations. Three
of those formations are dominantly volcanic (Pypklipberg,
Agatha and Ekombe formations) and four o©of them are
dominantly sedimentary in origin i.e. the Mantonga, White
iMfolozi, Langfontein/Vutshini and Mkuzane Formations. The
Nzimini Formation, being largely composed of diamictite ig
enigmatic 1n that its exact stratigraphic position is
uncertain. These formations can be correlatated over very
wide areas and simplify the existing stratigraphic
subdivision oL the Nsuze Group Dby  SACS (1980)
significantly.

STRUCTURE AND METAMORPHISH

The entire Nsuze Group bears the imprint of low grade

burial-induced metamorphism, Post-Pongola granitic
intrusive rocks have left localized =ffects of contact
metamorphism on Nsuze lithologies, especially in the

northeastern part of the outcrop area in southwestern
Swaziland, the Magudu area and the eastern part of the
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Mafic to intermediate 1lavas of the Nsuze Group are
generally characterised by the mineral assemblage
plagioclase + sericite + chlorite + quartz +
tremolite/actinolite + epidote + calcite 1+ accessory
minerals. The argillites are characterised by the mineral
assemblage chlorite + gquartz + sericite/muscovite
_epidote, diagnestic of low grade greenschist facies
regional metamorphism. The regional low grade burial-
induced metamorphic mineral assemblage overprints the
hornblende-hornfels facies of contact metamorphism.

This study has not concentrated on structural deformation
aspects of Nsuze strata. However, a full appreciation of
the structural imprint was necessary in order to produce
meaningful lithostratigraphic profiles. It was found that
deformation 1s wmainly -fault-controlled and that within
fault Dblocks stratigraphic relatlons are very well
preserved. Contributions have been made by other
investigatiens, particulary those of Matthews (1990) and
Dixon (1991) towards a Dbetter understanding of the
structural evolution of the Pongola basin. Simplified
structural trends, modified from all previous structural
mapping in the Pongola basin, are illustrated relative to
the distribution of various lithostratigraphic units and
geophysical trends on Map 17. The regionally applicable
lithostratigraphic correlations in the Nsuze Group, made
during this study, should allow fuller appreciation of the
structural complexities within the Nsuze basin and provide
insights into the importance of some of the structures
involved,

GEOCHEMISTRY

One hundred and twelve chemical analyses of lava and
argillites from the Nsuze Group are presented in this
study. The data were combined with published geochemical
data to produce a stratigraphically- constrained Nsuze
database. It represents the most comprehensive Nsuze Group
database yet to be compiled. Nsuze lavas display a
complete spectrum of chemical compositions, ranging from
basalt to rhyolite with lavas of intermediate composition
being predominant. Agatha and Pypklipberg Formation lavas
display both calc-alkaline and tholeiitic magmatic
affinities. A within-plate continental setting is
suggested by the range in composition of the lavas.
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The composition of the pelites provide information on the
provenance of the Nsuze Group as well as clues concerning
the evolutionary growth of the early continental crust.
The entire pelite database plotted on a K,0-Fe,0,-AL,0,
diagram defines a kroad trend £alling along the mixing line
defined by the chlorite and illite/muscovite end members.
Nsuze pelites display marked inter-formational geographic
variations in some major and trace elements. The pelites
appear to have been derived from a granite-enriched source
with minor contributions from tonalitic and komatiitic
sources.

CORRELATION WITH THE DOMINION GROUP

Geochroneloegical, lithostratigraphic and geochemical
evidence, compiled during this study,  suggests a
correlation between the Nsuze and Dominion Groups. It is

proposed that the Rhenosterspruit Formation of the Dominion
Group can be correlated with the Mantonga Formation of the
Nsuze Group. Collectively the  Rhenosterhoek  and
Syferfontein Formations of the Dominion Group are
stratigraphic correlatives of the Pypklipberg Formation of
the Nsuze Group. The units f£all into the same radiometric
age bracket. Recent age dating constrains the evolution of
the two groups to the period 3107/3120 to 2871 Ma. In
addition the chemical composition of Nsuze and Dominion
lavas are very similar, especially with reference to the
immobile incompatible trace element contents.

DEPOSITIONAL ENVIRONMENT AWD TECTONIC SETTING

The basal Mantonga Formation was deposited over an uneven
granitic surface in a dominantly sandy braided fluvial
environment with subordinate marine incursions represented
by shales and orthoguartzites. Diamictites suggest
periodic unstable conditions and rapid sedimentation in the
form of debris flows. Lavas of the Pypklipberg Formation
appear to have erupted from a large number of volcanic
vents, under subaerial conditions. Volcanic conditions in
the Mpongoza inlier area were dominated by pyroclastic
volcanism, unlike the more widespread effusive lava
volcanic style in the rest of the Nsuze basin.
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Pypklipberg volcanism was followed by large scale basinal
subsidence creating favourable conditions for the
accumulation of the White Mfolozi Formation sedimentary

sequence (Fig. 8.1). The White Mfolozi Formation displays
classic examples of tidalites and alsoc contain a carbonate
platform succession. Thin diamictite units within the

tidalites possibly reflect syn-sedimentary volcanic events.
Volcanism that formed the Agatha Formation was widespread
with locally unique volcanic styles, partially under
subaqueous conditions. The Ntambo Member in the northern
domain marks a periocd of wvolcanic quiescence, with
subsequent argillaceous transgressive marine deposits. The
Roodewal Member, at the base of the Langfontein/Vutshini
Formation indicates the end of Agatha volcanism (Fig. 8.1).

The Mfenyana Subgroup suggests regional subsidence and
deposition within a shallow marine shelf environment.
Mfenyana sedimentation was followed by a final wvolcanic
event, represented by lava ¢f the Ekombe Formation, which
although, only exposed in the Nkandla area, could have had
a far wider original distribution {(Fig 8.1}. '

The Nzimini Formation, the exact stratigraphic position of
which i1s uncertain, 1is largely pyroclastic in origin. The
pyroclastic debris has been subjected to variable degrees
of epiclastic reworking, possibly under subaqueous
cenditions.

The siliclastic rocks of the Nsuze Group were derived from
a craton interior provenance. In terms of a plate tectonic
basin classification, the Pongola basin is an example of a
divergent ‘passive’ margin basin. The basin shows certain
features attributable to an ancient rift basin. The Nsuze
Group distribution is too widespread to have originated in
a classical graben-type basin.
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APPENDICES

'APPENDIX 1: -

CHEMICAL ANALYSES:

Table 1 (a): Chemical analyses of lavas from tke
: Pypklipberg Formation.

1 (b): Chemical analyses of lavas from the Agatha
Formation.
i (c): Chemical analyses of volcanics from "other"

formations in the Nsuze Group.

Table. 23 Chemical analyses of Nsuze Group pelites.
Table 3 Selected chemical analyses from the Dominion
Group. :

Major and trace elements are iisted as a percentage, while
trace elements are given in PPM.

APPENDIX 2:

SUMMARTIZED THIN SECTION DESCRIPTIONS: (60
SAMPLES)

A. Nsuze Group lavas.
B. Nsuze Group diamictites.
C. Nsuze Group gediments:
Arenites
Argillites
- Carbonates
D. Dominion Group lavas.
E. Dom’nion Group: Other.

The sample locations for these selected thin sections are
demarcated on the relevant figures in Chapter 3 and 7. The
samples identified by an (*) fall outside the range of these
figures.
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APPENDIX 2:

SUMMARIZED THIN SECTION DESCRIPTIONS: (60
SAMPLES)




SAMFPLE LOCALITY ROCK TEXTURE CONSTITUENT MINE- COMMENTS !
e NO TYPE ; s RALS(IN ORDER :
-t - QOF ABUNDANCE) [
Whid Wihite Miolozi Mafic / Intempenelrant, twinned plagiociase Plagioclase, saussuritized Highly altered. ‘
River Taller [nlennediate laths highly saussuritized. (<2 min groundmass, iremolite / covered by a green,
] tava long axis}, Resorbed ireguiar- actinolite, chlorite chloritic "dusting". ;
shap~d tremiolite/actinolite crystals, calcite, opaques, quartz.
secondary calcite and well rounded : i
quartz crystals. {
AM©6 Amsterdom Mafic / Plagioclase phenocrysts <2 cm long Plagioctase, epidote Opagues occupy :
Area Intennediate axis, Matrix dominated by interwoven chiorite, brown < 3 % volume, r
lava plagioclase laths, sccondary epidole opagues, quartz. Extensively altered. :
occupies < 25 % volume, Exiensive E
saussuritization, Chlonie mimics :
plagioclase, Thin 2 mm - wide [
crass-cutling yuartz vein. Amygdales !
_‘(< 5 1m across) flied with calcite, l
quanz + chlorite.
MRI3 Western [Hart- Mafic / Magiclase phenoerysts < 2 cm, Tra- Magioclase, epidote, tAmygdales fitled
land Basin Intenediate chytic saussuritized plagioclase sercite, caleite, with calcite and
{Manlonga lava groundmass. Allered to cpidote, chlorite, quarz, opagues. iquartz. ilighly
River {ra- sericite, calcite, quantz. Subangular faltered.
verse) quartz grains < 0,8 mm. Amygdaloidal.

White Mfolozi

i

Plagioclase, calcite,

(WM 19 Mafic/ ;i’!agiocl.asc phenocrys_i; (< .';'-mm) sel Extensive calciliza-
River Intier Inlermediate lin a cryptocrystalline groundmass com- chionte, epidote, guartz, tion, Caleile
fava prising replacement caleite, quartz, opaques. pseudomorphs primary
epidote, chlorite and saussuritized mineral. 1

plagiociase. GQuartz - filled

amygdaics.




CONSTITUENT MINE-

SAMPLE LOCALITY ROCK TEXTURE COMMENTS
NO TYPE RALS (IN ORDER
. Y . . OF ABUNDANCE)
WR Western ‘_J Malfic / Rounded, interlocking plagivclase T T"‘ld’iéigioclase‘,‘-c'l'ull'ri'lr?:'t-'z'._' - Fl;-ighl){_ql_tgréd, ]
artland inteninediate porphyties and quanz amygdales - epidole, chiorite, Reduced groundmass.
Basin lava in a yellowv-brown alicred groundmass. biotile, sericite, ]
(White River reddish opaques.
traversc)
AS2 Westemn o MEECT f}_{:;)"_g_&;lcza < 4'|_1.1|11. ﬁil;:_ui:vith illl!lzi'- _ Plagioclase, epidate Qual‘tlzlrim around -
__Nanland Intemcdiate grown guarlz and epidole. Trachytic quartz, chlorite, amygdales. Plagio-
Basin lava groundmass plagioclase pseudomorphed scricile, clase largely
(Agatha hy epidote, scricite and chlerite, replaced.
Siream Ira- L
VCTSC). B
W [wesorm Pt Fenlon shemoreyats <7 oo Gy Trettopan setict o e ]
i Swaziland porphyty. saussuritized o sericile and [ine- epidote, quartz, tion, chlarite is
o grained mosaic guartz) cross-culling chlorite, opaques. the last replacement
chioritic "lrains". lrreguiar bictite, zircan. mincral. ]
shaped epidote after plagioclase?
i T T ki mrm e T Crvome, quartz, orrbiande reduced
. (I1ohcbo River (Hom{els) Late stape epidote + quartz veining _lgarnet, harnblande, wrt. chlgrita,
traverse) L (2 mm wide}. Secondary undulose 'gpidots, opaguas, Highly altered _
inequigranular quartz crysfals. plagioclase(?) mineralogy. _
WTW Magudu arca ﬁcmlava Oval porphrytic clusters after | Plagioclase, biotile, ____|Late stage silifi- ]
(Hohobo River (IHomlels) allered plagioclase. Anhedral quartz, epidote, opagues, cation. Aphanitic

lraverse)

remnant plagioclase often poikilitic

{< 3 mm long axis). Secendary biolite

chlonite, gamet.

lalhs randomly distnibuted. Sub-

agular garnet crystal.

(i}
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SAMPLE LOCALITY ROCK TEXTURE CONSTITUENT MINE- COMMENTS
NOC TYPE RALS (IN ORDER
e OF ABUNDANCE) !
[AMS Amsterdam Equigranular, subrounded guartz, grains Quartz, chlorite, sericite, - [Highly altered
Arca (4% volume} < 2 mm size. Fine-grained epidote, feldspar, opaques volcanic debris
chiorite mateix. Rare anhedral feld- zircon. {low? Both mono and
spar pseudomorphed by chlorite + polycrystaliine _
epidotc. quartz grains.
MR4 Western Fractured. subrounded, mainly polycryss Quartz, sericite, apaques. Pervasive sericiti- .
Hartland staline quartz grains (60% volume) zation. Primary
Dasin <2 mm size. Highly senicitized ma- crystals totally
(Manlonga R. Irix. Red jron oxide opague specks in pscudomorphed.
traverse) matrix.
MANU  [Buflalo River l_ffdi{égg Yuartzose clusters in an Quartz, chlorite, lithics, “Diamictite overlies ]

Inlier (Maze-

aliered fing-grained chloritic malrix.

opagues.

greenstone basement.

beko R. tra-

Chlarite > 60% vaolume.

VeIsE)

Tectonic micro-

fabric, shearing.

d K-feldspar

Quartz, K-{eldspar,

WMI0 White M{oiozi Immature quartz, lithic 2n Late stage carbo-
River Inlicr crystals (< 0,4 mm size) in a very lithics, chlarite, car- natisation. Strali-
fing-grained aliered chloritic matrix. honale, bictita, opagues, graphically below
Equigranular fine-grained quariz in sericile. Chobehi carbonate
mateix. Meambaer.
WMI5 Whilc Mfvlozi - Very immalure, Well rounded quartz TTQuantz, K-feldspar Silicification.

River Inlier

(<5 mmm) and subangular K-feldspar crys-

(microcling), carbonate,

Carbonatisation.

tals in a very [ine grained mainx

sericite, chlorte,

[Mass 7 debris flow?

comprising secondary sericile,

opagues.

chlorle and quartz.

(i}

1‘



OZLEQRN, LUUN G

SAMPLE LOCALITY ROCK TEXTURE CONSTITUENT MINE- COMMENTS
NO TYPE RALS (IN ORDER
. . e - . OF ABUNDANCE)
B4 BulTalo River Granule size quanz (< 3mm size) and Quartz, lithics, sercite, Silification. [n-
_ inlier allered lithic frapments occupy * 60% chlorite, chert, opagues. terwoven chlarite /
Mangeni volume, Yeilow-tinge sericilic malrix. sericite / quartz
fraverse. pwudumorph ___gma!

_|lithic frapments.

Westerm

Equigranular quartz, g_a_mg} <2 mm size, _[Quartz, chlorite,sericite, Local carbonitisa-
Hartland T3a- Green pleochreic chlorite flakes de- chert, epidote, carbonate, tion. Tectonic
sin. Ntombe fine a foliation. Allgred chlonte / opaques. ) rotation of quartz _
River tra- seTicile matrix. prains.
verse, .
GAN3 Bufialo River " [Rounded quanz grains < | mm size. j Quanz. chlorite, seticite, Recrystallized. Se- T

Inlier Monocrystaline. Lithic fragments re- opaques, lithics, ricitization post
Mazebeko placed by quartz, chlorite and homblende (7) dates chloritiza-
traverse. sericite, Matrix Jargely linc grained tion? Opaques

QuartZ musaic,

+ 5% volume.

NZIM INLE ORMAT ION

L

NSZ,1 Ngutu Dis- Whole spectnum of alteration products. Quartz, K-faldspar, epi- c wacke subjec-
Irtct, near Angular twinned K-feldspar fragments dota, cart_:_cmg;_e, seri_cile ted to a seriesﬁ_
Nzimini store. with sericitic rims._Quarlzo-scricite {muscovite) lithic frag- altaration praces-
matrix. Carbonate in conlact willy al} ments, chiorite, opaques. sa57 Inferred vol-
other phases. Clusters of chlo- caniclastic origin,
e file + apidots crystals. .
ND3 " Bullalo River Subronded andulse extinetion QUATZ " Qartz, muscovite, (sort- Pressure solution

textures. Mainly

Inlicr. grains < | mm size. Maltrix is finc- ) citic), chlonte, epidote,
Ndweni tra- grained interlocking ynarlz, muscovite opaques. maonocrystaliine
VETSCe. and chlorile crystals. Dispersed oval quartz, grains high-

epidole crystals < 0,4 mm size.

ly fractured. Brown

slaining.




SAMPLE LOCALITY ROCK TEXTURE CONSTITUENT MINE- —l COMMENTS

NO. TYPE RALS (IN ORDER
N OF ABUNDANCE;
MAN2 Butfalo River Argillzceous Coarse grained, moderalely well-sorted |Quartz, muscovite, seti- _[Mainly polycrystal-
e [nlier quarz and sub-rounded quartz grains (<4 mm) * cite, ' line quartz grains.
Mazcbeka R. arcnite. Dirty sericile / muscovite inter- Deformed.
traverse. quartz grain malrix. Sutured quartz

Brain contacls.

IMR10D Weslem [Feldspallic Inequigranular, peerly-sorted arenite. Quartz, K-feldspar, mus- Strained quariz
[Hartand quariz Quartz grains usually < 3 mm size and cavite, sericite, Zir- grains. .
[3asin. arenjle, largely monocrystaline, Pressure so- con {7 |
Mantonga R. Jution textures. Sericilized anhedral
traversc, K-feldspar crystals <3 mm size. (15% o

volume). Scricitic matrix,

WMI White Mtolozi |Feldspathic Equigranular sub-rounded guartz grains Quartz, K-feldspar {micro- ___}:Et‘[z_l_ljgraphical'lj'—
River Inlicr. yuarlz <05 mm size. Subronnded, cross- cline), muscovite, seri- averlying granitic
jarenile. halched twinned microcline crystals. ) cite. basement.
{< 10% voluniz). Subordinate matrix. ' .
AN Ammsierdant e [Whedinny armed well 1o sub-rounded Gusrz, chionte.mus. ~|Pressure solution
Area. arepite, guariz grains. [argely monocrysia- . covite (sericite), K-teld- avidance. .
_ line. Rare radiating chlorile acedle spar {7}
clusters. )

INK4 Western Orthaguart- Equigranular interpenetrant quartz —___|Quartz, rare musco- o Recryslalized.
Hartfand zile. grains. No matrix. vile (sericite). ___|Mononineralic, ]
Basin. 4 ]
Nkemba 5
[traverse. o - e - i

v
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SAMPLE LOCALITY ROCK TEXTURE CONSTITUENT MINE- COMMENTS
NO. TYPE RALS (IN ORDER
S S . . OF ABUNDANCE) ]
5y Buffalo River Agiliaccous Medium 1o coarsc-grained, cquigranular, (Quartz, muscovite, = " Quartz, grains T
i Injicr. arenite. well-sorled quanz grains. (+ 65% scricite, opaques, highly deformed.
Okhalweni volumie). Muscovite / sericite matrix. Quartz long axii
traverse. parallel to bedding,
direction defined
S by micas,
MiILa Mhlaluzs ~ [Ortho-yuart- Equigranular, coarse grained, weli- ) Quartz, sericite / _|Highly strained.
River Inlier. zite. sorted guartz grains, Suture-bundary, muscovile, N
| interlocking undulose quartz grains.
Minor sericile / muscovite, inlersti-
tial and cross-cutting to quartz
grains. i
FBs Bulfalo River Quartz wacke. _ |Sub-rounded 1o subangular, medium- Quartz. sericite, Preferred onenta- ]
inlicr. gﬂrg_i_rlgq_@;_glrg_ins. Well-sorted. muscovite, clilorite. ____|tion of quartz
Mangew Dirty ajtersd, sericitic matrix. grain long axes.
traverse, Matrix-dominant.
MDA Ceniral Syn- Quanz wacke.  [Suberounded quartz grains < Lmmsize,  jQuartz, chlorite, seri- Recrystalized quartz,

¢line, separated by linc-grmined quanz / cite, opagues, Chlorita { sericite ]
Nkandla sgricile / chlorile zones, "trains" define
district. foliation,.

I FORMATL

Magudy Arca.

Orthoquartz-

Interiocking subangular quariz grains

QQuartz, mica,

Monocrystalline

Mlenyana R.

zile.

{< 1/2 mm size). Minor cross-culting

fraverse.

finc-grained mica flakes.

quartz > poly-

crystalline quartz,

(vi)




SAMPLE LOCALITY ROCK TEXTURE CONSTITUENT MINE- COMMENTS
NO, TYPE RALS (IN ORDER ’ g
OF ABUNDANCE} ]
MW7 Magudu Area Quarly Poorly-sorted, sub-rounded quariz Quartz, muscovits, -~ llmmalure sedimant. i
Hohobo River Alcnile, grains {max, 3 min size). Suured hiotite, chiorite, Highly altered.
traverse, boumdaries, Altered brownish possible homblende {7), :
horublende crystals replaced by zircon, sphene.
jinnicas, chiorite.
|
[SW3 Western Ortho-quart- Sub-rounded to sub-ongular cquigranu- Quartz, cher, Recrystafiized.
Swagziand zite, tar mainly monocrystalline quartz senicite, opaques. Mature sediment (7}
grains. Intertocking sutured bounda- i
] ries. Reduced quarze-sericilic
matrix.
SW1 Westem Quartz, Inequigrattular, poorly-soried giiartz (Quartz, muscovile, Pressure solulion, |
Swaziland Wacke grains (1nax. 4 mum size). Iaterpene- biotile, Recrystatiized. 5
trant, sulured grain-boundaries. Red oxide-staining. I
Micas interstitial and cross-gutting :
to gutartz grains,
GANL Builalo itiver QQuartz, —__[Sub-rounied fo sub-anguiar equigranu- Quartz, seticils, Muscovile neadles ‘
{nlier. Wacke {ar quanz grains < 2 mm size. Fine- muscovite, opaques. have a praferred- £
Mazebeko L grained Quarlz-muscovite-sericite crientation. Quartz
traverse. matrix, mainly monocrysta- &
iina. i
E
[ ]
VS2 Central Syn- Quartz foorly-soried, incquigranular, coarse, Quartz, sercile, Pressure solution, ]
i form. Arenite sub-angular to sub-rounded guariz MUsSCovite. Intempenetrant suiu- i
Nkandla grains. (max, 3 mim size). Intersti- red guariz outlines.
district. tial 2" quartz and mica,
Vsd ‘Central Syn- Quartz Sub-rounded, pocrly-sorted, very “Quartz, sericlte. {Hecrystailized.
fomi, Afcnite coarse o meditini-grained quart? grains. {arthapyroxene {7), {Highly defommed
Nkandla _thojkilitic, high reliel {orthopyro- fcubic opaque {magnetite?) ‘rock. ;
i district. ixene?) mineral, No matrix, i i
[ i

fvii)



SAMPLE LOCALITY ROCK TEXTURE CONSTITUENT MINE- COMMENTS
NO. TYPE RALS (IN ORDER
e _ _. N . . OF ABUNDANCE)
M2 Central Syn- Chlarile Light green, finc-grained chivritic T Chlorite, quartz, ) _{Recrystallized. ]
cling shale rock. Equigranular, sub-rounded . biotile, opagues, mica, Finely laminated.
Nkandla quarlz grains interwaven with biotite
District. and lale stage sericite. Rock cross- 3
cut by quarzo-chloritic veins. B - T
CF2 Bullalo River Quanzitic Lquigranular, well-sorted sub-rounded B “TOuart, chert, senicite, Recrystallized. Tw*‘“—#
Inhier wacke qun_[l_'.rilgmins sctin a ity sericitic biotite, opaqtics. generations of
Buflelshock matris. Matrix comprises line-grained quartz. Well- N
Iraverse. sericilic needles and interpenetrant i lammated

recrysialized quartz grains. (matrix

60% volume)

Western Opayue-rich Well-rounded, mature sediment compri- ___1Quartz, sencile, black Lanunated. Weakly
Hartland shale sing very fine-grained quartz and apaques, biotite. magnetic. ]
Basin. sericile £ biotite. Scattered chert L
{Balmoral gfamc__@ 0,1 min size), Large propot-
L. __|traverse) ) tion {10%) cubic opagues. . . e
[§W13  [Weslemn T Qild:l[TI:iﬁEI 1Fine- gnmed _t:l.lm'g:r_ﬂl'\uhr unstrained “_ Quartz, seficite, mus_':_:'d- ~|Recrystaliized.
Swaziland wacke quarz gmlm na du_y scncmc vile, opaques, epidota. Highly fractured

muccovnc I'ulm Brown nngc late-

rock. Highly alte-

red, possibly by

$tage, opayuces.

perculating fluids.

Bullalo chr

]Chidnl:é

']Wcl] rounded, recrystailized quartz_

Chlorite, qlu:m;!r

seti- IPrimary textures

Iniier shale grains (unstrained). cruss-cut hy cite, opagues. __._ destroyed hy
Okhalweni green pleochroic stringers ¢ Q_f_g_lﬂ_u_—__m o choritic over- L
Traverse, tite, which defines a layering. growths.

1
:

L,
!

(viii)
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el "
CONSTITUENT MINE- j
RALS (IN ORDER

S
SAMPLE LOCALITY ROCK TEXTURE COMMENTS
NO. TYPE
OFABU\DAhCE)
V54 Central Syn- Ferruginous Unusual, essentially binineralic, ¢ i Opagua {magnatite), ' iHed straining ¢
form shale, rock comprising fine-grained recrysta- guartz, epidote, {oxidation). Well-
Nkandla tized quartz grains with a fate stage Jaminated.
District. opague {(magnetite) in the intersli- '
i ices, No sericite.
E | a
1 ] T ‘ !
NRS [Western [Quartz Alternaling layers of hin sericite- 1Quartz, sericite, opaque. Discordant | mm ;
[Hartland Wacke rich_zones and guartz-rich zones. thick quartz veinlel |
Basin, Lute stage vpague overgrowths, Micro- slong fracture. i
Niombe River boundinage textures. Flighly defomed, Partial recrystalli-
Traverse. Strajned quaclz grains. zation.

Quantz, chiarite, mus-

TAmphibole -> chlo-

muscowvile / sericile.

MWI2 Magudu Area Chionitic [Fine-grained, sub-rounded grains of
Ilohobo River schist tmono-and-potycrystalline quartz set covile, opagues, nite could indicate

Traverse. fin a finer quatz-rich malnx. Poiki- a retrogressive :
litic cryshk of chlorite, pseudomor- imprial i
phing p.#mary amphibole (7) - 120 :
cleavags. Large % secondary musco- t
rite In matrix. L !
ME3S Magudu Arez  IQuarizitic Well-sorted, line-grained equigranular Quarz, sericile, opaques. Undulose larger |
Mienyana R schist guartz grains (< 0,1 mim size) with quatiz grains, ]
Traverse. stitured oullines, sel in a finer . :
quartz-seticite matrix, B g j
|
|
MF2 Magudu Area Cordicrite Alternating quartz-rich and mica-rich Quartz, sericile, mus- IClose proximity :
i Mfcnyana R, schist layers. Scallered < 172 mim long _ covite, chioritaid, lto intrusive gra- i
; Traverse. needles ufhlgh relief chiotitoid, opagues, cordiente. |nites, Retrograde i
Qvai “blebs” of 5 mm width ol altered ;alteration over con- '
B and pseudonorphied cordierite. Serici- {tact homlels - i
tic yim around "blebs”. ipn‘nl. :
ELMF4 Magudu Area. Aliered [As MEZ, well layered with '+ § mmysize Quartz, senicite, cot- IRatated aliered i
Mienyana Ri- cordicrite- tparphyrobiasts of rotated, altered digrite, muscovite, chior- Iporphyroblasts - mi- :

ver lraverse. andafusile jcordierite with pressure shadows. Se- ritoid, opaques {ap- croscopic thrusting

schisL ricilic rims around porphyroblasts. - dalusile in hapd speci- features,

Chioritold nesdlas throughoul. High- man}. i
ly-a'lered matrix, largely quartz and ]

(ix)



SAMPLE LOCALITY TEXTURE CONSTITUENT MINE- COMMENTS
NO. TYPE RALS (IN ORDER
. . N . OF ABUNDANCE)
W E While Miolozi Carhonate-rich and carboliate-poor ! Catbonata, (dolomite 7), [Layering delincd by
River Inlicr zones, separaled by shamp conlact, quartz, sericife. carbonate-rich and
Carbonale-poor zones quartz-rich with . o poOr Zones
CTOSS- gy_tﬂ ng sericite. Carbonate - _ |
rich zone comprises mainly inferlock-
ing angular o sub-rounded carbenale - T
I R grains (< 0,1 mm ‘il?c} L B o :__H_-_,__m__::
CF3 Bulfalo River Carbonate mincrals bave meguiar oul- "~ [Carbenate, guartz, micas.  [Highly silicified. —
Inlicr. } lincs, partially replaced by a fine- Stratified. Varying
BulTelshock grained carbonate cement with infer- degrees of carbonate
lraverse. stitial chert, guanz and micas. Car- T alteration. A si-
bonale mineral has multi-inclusion licified carbonate
phases. Cross-cut by 4 mm wide S R
guarizose vein, Vein unstrained, ] _ . o
. —— Jsand?_ .
MAZ1 Huitalo River {)_u_:lﬂr rich andE‘:rhonate rich faye- T Carbonate, quartz, sed-  [Micro-stratifica- |
Inher. ring. Quanz.rich layers < 3 mm wide, cile, muscorite, tion. Highly sili-
Sifula comprising mainly of unsigained, angy: _ — cified. ]
traverse. lar quarlz grains (< 6,2 mm size}.
, Minor sericite carbonate-rich layers m I
have an ouler single carbonate gfain- | 4 .
thick rim and an inner very (ine- _
grained portion of alterad carbonals i
I I regidue. ] e
MDG6  [CentrajSyn- Suhanguhr catbonale grains <4 nun Carbonats, qu: " |Recrystallization. |
cline. long axis. Replacement by quartz and vila, sericile. No strained quartz
Nkandla Area. mica. Quarnz grains sub-rounded, gralns Alterad B
equigranular and unstrained (seconda- } L marly-sand?
ry) malrix comprises fine-grained mo-
saic of recrystaliized quartz and mus- _ L o
L l cow[e o i R e § T S e T o
(WMI4 — |While Mfolozi Equigranular, sub-rounded quarwz,_ Altered niarly
River Inlier. grains in a diny fine-grained cherty/ ricite, chen arenite?
micacesus / carbonate mairix. Carbo- K-feldspar. o
nate mincral highly altered. Rare o
sub-rounded K-leldspar fragments L
m_ 05 ). R

(x)



SAMPLE LOCALITY ROCK TEXTURE CONSTITUENT MINE- COMMIENTS
NO. TYPE RALS (IN ORDER
| _ OF ARUNDANCE)
DOM1 Hartbeeslon- Mafic/ Highly Irachytic and saussuntized ! {Pliogioclase, epidote, Late stage cali
lcin Area. Intermediale groundmass of plagioclzse, {<0,1 mm sericite, calcite. citization,
Tava, size laths). Exlensive epidulizalion,
Oval amygdales < $ nun size, usually
filicd wiih calcite & cpidote and
quarts. B
* DOMi4 _ ]Doemfontein __|Mafic/ Sub-rounded 1o rounded amygdales Plagioclasa, caicite, _ Near top of Re-
farm. Iutennediate (< 1,0 em size) in a chloritic green chlorite, quartz, opaquss. nostarhoek Formation
(Notth of lava. [elty groundmass. Amy gd"tl;.s filled Amygdales in hand
Klerksdorp). with cakile, quartz + chlorile. speciman up to 20 cm

‘\y]ygdalts have Lhin quartz rims.

Sizé.

Hartheesl:

Tahular, cuhedral fe]daparphunocrysts

sc, 'calcilc. '

Plag

chlonic.

tein Area. purphyry. setin an altcn.d micrulitic, lelty chlonite, sericite, _|ten scen as mter- o
groundm't““I:;(lenswc cross-culling opaqucs, quartz. waven rcpIaCCmcql ]
replacemeant calcite and chlorils. clusters.

F)ﬁf\d? Hartbees(on- |Mafic/ _|Dark green, aphanitic, felly, chlori- " [Chiorite, plagioclase, interfayered with

lein Area. intermediate tic groundmass hosting sub-rounded _ calcite, quartz, opaques, Feldspar porphyry.

_ lava. amypdales (<7 mm size) filled with sericita, hornblenda. Cross-culting quartz
caleite and quanz. Minor primary _ vainlets,
alicred homblende, )

*DOMI6 | JDoornfontein _ |Feldspar Poikilitic plagioclase phenocrysts ~|Plagioclase, quartz, chlo- — [Silification. High-

farm. porphyry. < 5 mm size. Pilotaxitic, felty _ rite, opaques, sen- ly altered.

(North of groundmass comprising targely of cite and hemblende. Brown alteralion-

Klerksdorp). secondary guartz, plagioclase and . tinge.




SAMPLE LOCALITY ROCK TEXTURE CONSTITUENT MINE- COMMENTS
NO. TYPE RALS (IN ORDER
R N _ e .. __. OFABUNDANCE) __ _yygu = |
*DOM18_ IDoomfontgin Feldspar [uhedral, potkilitic altered play.o- . lPlagioclase, chioite, - |Sample takc'n.n_eﬁ? 1
fann, porphyry. clase phenocrysts up to 7 mun ‘ize. carbonate, quartz, “{tectonic coitact! |
(North ol Plataxitic proumdmass, highly chlori- sericiie, opagues. with Orange o
Klerksdorp) lic, Becondary carbonate in por phy- Grave Group. L
o _jries and groundmass. Highly & nyg- L
daloidal, ' L

DoM2 Hartbeesfon- Coarse- Typically sub-angular, highly-s r3incd Quartz, scricite, Quartz both poly-
tein Area. griined are- quanz grains, <7 mm size. Mainix muscovite, K-feldspar, and- monocrystalline. |
nile. comprises tiner equigranular quoeniz opagues., Sampled near ]
Renoster- grains and cross-cutting small musco- to gramitic base- |
spruil vitic / sericite necdles. Rare, altered . . ment contacl,
Fonnation. K-feldspar fragments. Poorly-s nted. e _—
— U S S S . S B S O —
* DOMI1 Ottosdal (iraniie Very coarse grained granite, cosipri- K-feldspar, quartz, Passible per- ]
|Arca. Basement. sing largely ef consertally inter- sericite, epidote, thitic texlures.

grown K-feldspar and quartz. 1< 6 mm

size). Two ages of quartz. K-feld-

opagues.

Cross-hatched twin-

ning in K-feldspar.




APPENDIX 3:

LARGE MAPS:
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LEGEND:

GEOLOGICAL MAP (GEOLOGICAL SHEET 2626).

LITHOLOGICAL:

Ferriginous shale, quartzite, ironstone
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Grey andesitic lava, tuff
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NSUZE LITHOSTRATIGRAPHIC SUBDIVISION ALONG A COMPOSITE PROFILE IN THE BUFFALO RIVER GORGE.
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GEOLOGICAL MAP OF A PORTION OF THE MHLATUZE RIVER INLIER IN THE CWEZI DISTRICT, NEAR NKANDLA
(MODIFIED FROM UNPUBLISHED MAP, GOLD FIELDS, 1981).
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SIMPLIFIED GEOLOGICAL MAP OF THE NSUZE GROUP IN THE MPONGOZA INLIER.
(MODIFIED FROM PRESTON, 1987, IN HUNTER & WILSON, 1988).
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GEOLOGICAL MAP OF THE CENTRAL PART OF THE WHITE MFOLOZI INLIER, (MODIFIED FROM MATTHEWS, 1967)
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NSUZE LITHOSTRATIGRAPHIC SUBDIVISION ALONG THE DEMARCATED COMPOSITE PROFILE,
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SIMPLIFIED GEOLOGICAL MAP OF THE SOUTHWESTERN SWAZILAND REGION AROUND GEGE & MAHLANGATSHA
(MODIFIED FROM SWAZILAND 1:250 000 GEOLOGICAL SHEET)
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NSUZE LITHOSTRATIGRAPHIC COMPOSITE PROFILE CONSTRUCTED FROM
VARIOUS TRAVERSES IN THE WESTERN HARTLAND BASIN.
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