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ABSTRACT

The Eshowe melilitites intruded marginal cratonic crust at
approximately 80my. Their intrusion followed after a long
period of extensive rift tectonism associated with the breakup
of Gondwanaland. The intrusives represent the final phase of
alkaline and basaltic magmatism that commenced at about 200my.
This magmatism was probably related to mantle processes
responsible for the continental fragmentation and was
controlled by a fluctuating mantle thermal regime. The Eshowe
melilitites intrude an area of attenuated crust in an

essentially rift valley setting.

Petrological, and chemical evidence suggest that the Emtilombo
melilitite does not represent crystallisation of a primary
magma. The magma was denerated in the asthenosphere but
reacted with incompatible element and probably €O, and H,0
enriched lithosphere and perhaps crustal sources on its way to
the surface. The Emtilombo melilitite contains microxenoliths
of mantle derived spinel peridotite and of a suite of dunitic
rocks that are believed to be high pressure cumulates of
earlier alkaline magmas. These latter trapped melts would
have introduced metasomatising agents into the 1lithosphere.
The dunitic melts are believed to represent earlier intrusions
related to the Eshowe alkaline volcanism. The chemistry of
the olivine phenocrysts and microphenocrysts and complex

zonation patterns on olivine xenocrysts (macrocryst and some



complex phenocrysts) suggest the Emtilombo magma formed by
mixing of several batches of melt. The ’parental‘magmas' to
the Eshowe occurrences are therefore considered to consist of
a mixture of asthenospheric and lithosperic components and a
variety of different melts. The ’‘parental magma’ to the
Emtilombo dyke was an incompatible element enriched ultramafic
melt that contained microxenoliths of spinel 1lherzolite and

the dunitic suite of rocks.

Changing oxygen fugacities are believed to be controlled by a
loss of volatiles at relatively shallow depths in the mantle
or lower crust. These changes are reflected by the spinel
chemicél trends and perovskite crystallisation. The change
occurred after complex zonation patterns had developed on the
oliyiqes. The microphenocryst olivines are believed to be the
only population of grains that crystallised from the Emtilombo
’parental magma’.
’

Mode of emplacement of the melilitites is probably influenced
by the nature and volume of magma in the intrusion, its
volatile content, and to some extent the nature of the country
rock. The Eshowe melilitites show a wide variety of intrusive
modes and also demonstrate how late stage processes, possibly

during or post consolidation, influence the geochemistry of

v the rock type.



CHAPTER ONE

INTRODUCTION

1.1 GENERAL INTRODUCTION

Six olivine melilitites occur near the town of Eshowe in
northern Natal, on the east coast of South Africa. The
occurrences were located as surface ilmenite anomalies during
routine heavy-mineral loam sampling by De Beers prospecting
teams in 1978 to 1980. A further four ilmenite anomalies
occur in the area suggesting that more occurrences of this
nature are present. These anomalies were not followed up as

the associated intrusives have no economic potential.

1.2 PRESENT STUDY

"Very 1little previous work has been done on the Eshowe
melilitites. Location and petrography of the intrusions were
briefly described in the Third International Kimberlite
- Conference Abstrécts (Colgan 1982). A more detailed
description of the occurrences, their geological and tectonic
" setting and petrogenesis was presented at the Fourth
‘International Kimberlite Conference and a paper published in
the Conference Volumés (Colgan et al. 1989). Apart from this

‘no further published information is available.



The Eshowe intrusives occur in an area of complex basement
that has undergone a long history of recurrent extensional
tectonism. This tectonism 1is believed to be related to
build-up of tectonics culminating in fragmentation of
Gondwanaland. It is suggested that mantle processes that
triggered fragmentation were also responsible for volcanicity
in the area. The timing, spatial distribution and nature of
the magmatism along the southern African east coast all
suggest a close relationship to the tectonic development of

the region.

The aim of this study is essentially to describe and
characterise the Eshowe melilitites, establish their
petrogenesis and determine their relationship to the basement
setting and to other intrusives in the area. The project was
therefore-tackled with four main objectives in mind:
1. Describe the geological and tectonic setting of the
Eshowe melilitites.
2. Describe geology, petrography, mineralogy and
chemistry of the Eshowe melilitites.
3. Determine their petrogenesis.
4. Establish the relationship of the occurrences to
their geological and tectonic setting and to other

alkaline intrusives present in the area.

1.3 METHODOLOGY

Data for this study was obtained from detailed petrography and



matrix mineral, concentrate mineral, whole rock and isotope
chemistry. Field work was undertaken "by the author during
several short visits (each visit was approximately 1 week
long) to examine and, where possible map the occurrences,
observe local geology and setting, collecf samples and
supervise a core drilling program on the ﬁmtilombo dyke.
Additional geological information was obtained from internal

(De Beers) field reports and maps supplied by A.W. Robertson.

Petrography, matrix mineral chemistry and preparation of whole
rock powders for geochemical investigations was undertaken by
the author. Microprobe analyses of cohcentrate minerals were
obtained by G.W. Hutchinsoﬁ formerly of Anglo American

Research Laboratories (AARL), whole rock analyses by J.
Eastell (AARL) and isotope chemistry was done by T. Clark of
the Bernard' Price Institute (BPI); University of the
Witwatersrand. . Interpretation of data is by the author unless

stated otherwise.

Details of samples collected, sample treatment and analytical

techniques are outlined in Appendix 1.



CHAPTER TWO

GEOLOGICAL SETTING AND TECTONICS

2.1 GENERAL_ INTRODUCTION

The Eshowe olivine melilitites straddle the boundary of the
3.0 Ga Kaapvaal craton and the 1.0 Ga Natal Structural and
Metamorphic Province (NSMP). The presence of melilitites in a
cratonic environment is unusual, however, evidence for
extensive tectonism in the region is apparent and the nature
of the volcanism suggests that considerable lithospherié
attenuation occurred. It was, therefore, considered important
to review the basement setting and tectonic development of the
area to establish how much control these factors have éver
volcanism and, in particular, the nature of alkaline
ﬁagmatism. As sedimentary deposits in the‘ area record the

tectonic history they are described in some detail.

2.2 GEOLOGICAL AND TECTONIC SETTING

Two of the Eshowe olivine melilitites occur within the
. inferred southern margin of the Kaapvaal <craton .and four
"intrude the Northern Marginal Zone (nomenclature of Tankard et
al. 1982) of thé NSMP. This Precambrian basement is overlain

by sedimentary deposits of the Natal Group and Karoo Sequence



which generally mask the craton boundary in the area; It is,
however, possible to extrapolate the boundary across from
eastern to western basement exposures (Charlesworth 1981,
Figure 2.1). To the north of the occurrences are the Lebombo
volcanics which may delineate the boundary between the craton

and the Pan African Mozambique Belt (Eales et al. 1984).

Tectonic development of the region is largely associated with
extensional tectonism interacting with the three basement
terranes present: the Kaapvaal craton, the NSMP and the
Mozambique Belt, inferred to have been present to the east in
Gondwana times. Tectonism took place over a long period of
time, some 400 Ma, and is considered to be related to build up
to tectonics associated with and following break up of

Gondwanaland.

2.2.1 PRECAMBRIAN BASEMENT

The southern Kaapvaal craton consists of granitoid basement
and widely spaced greenstone belts of the Nondweni Group
unconformably overlain by thick volcano-sedimentary seduences
of the Nsuze Subgroup, Pongola Group (Matthews 1981a).
Granitic-gneisses with calc-alkaline affinities (Charlesworth
1981, Harmer 1981) and volqano—sedimentary sequences of the
NSMP have been thrust northwards over this craton (Matthews

1972, 1981a and b).



The Northern Marginal Zone of the NSMP consists of a major
thrust belt and nappe complex. The thrust belt is considered
by Matthews (198la) to define the front of the mobile belt
against archaean craton. This is corroborated by a change in
metamorphic and structural style across the boundary. The
NSMP is characterised by a general east/west structural trend,
relatively high grade polyphase metamorphic overprinting and
~steep dips while archaean basement cover rocks, Nsuze
Subgroup, are characterised by 1little deformation and 1low
temperature metamorphism (Matthews 198la, Charlesworth 1981,
Mafthews and Charlesworth 1981). Further evidence is provided
by geochronology. Ages of 3090 Ma to 3150 Ma have been
obtained from Nsuze lavas (in Matthews 198la) and ages of 3177
Ma to 3199 Ma from granitbid gneisses of pre-Nsuze basement
near the mobile belt front (Charlesworth and Matthews 1981).
Ages of 900 Ma to 1194 Ma have been obtained from various
localities in the NSMP (in Matthews 1981la) and Charlesworth

and Matthews (1981) reports two ages of 1067 Ma and 1218 Ma

from the northern front of the NSMP.

‘Matthews (1981a) suggests that at least 100km of overthrusting
onto archaean craton occurred. If this is the case the true
craton edge was about 100km south of the thrust belt at the
time of formation of the NSMP. Subsequent erosion of basement
exposed rocks of a deep crustal level and Matthews (1981la)
estimates about 20 to 25km of cover rocks have been removed.
This means that the true craton edge is now considerably less

than 100km south but it is still to the south of the Eshowe

6



melilitites. The melilitites, therefore: all intrude Kaapvaal
craton; two occur on the craton,. as we see it now, and four in

"over-thrust" craton (Figure 2.1).
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FRONTAL REQION OF THE NATAL STRUCTURAL AND
METAMORPHIC PROVINCE (NSMP)

2.2.2 TECTONO-SEDIMENTARY HISTORY

2.2.2.1 THE MOZAMBIQUE BELT
Following formation of the NSMP structural development of . the
east coast shows a long history of tensional tectonics. At

approximately 500 Ma the Pan African Mozambique Belt developed



(Tankard et al. 1982). This was orientated north/south and
probably extended through Mozambique and across the present
coastline southwards into Antarctica (Figure 2.2). Groenewald
et al: (1988) suggest metamorphic terranes in Dronning Maud
vLand, Antarctica were continuous with the Mozambique Belt and
the NSMP. The belt 1is, therefore, inferr_ed to have been
- present to the east of Natal prior to Gondwana fragmentation.
This belt represents an ancient suture zone between east and
west Gondwanaland and appears to have initiated the zbne of

weakness along which the Super-continent eventually split.

NSMP-Natal Structural and
Metamorphle Province

LMB _Limpope Mobile Belt
MB _Mozambique Belt

Zimbabwe

L -Lebombo
® ~Eshowe Melllitites

FIGURE 2.2
SCHEMATIC DIAGRAM OF THE BASEMENT STRUCTURAL UNITS



2.2.2.2 CAPE SUPERGROUP

Most of the erosion of Precambrian basement must have taken
place prior to deposition of Cape Supergroup sediments. The
~ eroded surface of the NSMP and Kaapvaal craton then formed the

basement for deposition of these sediments.

Sediments of the Cape Subergroup (the Natal Group) were
deposited in an elongate, down faulted trough, the Natal
Embayment (Tankard et al. 1982). This was orientated routhy
north~northeast, parallel to the orientation of the

Mozambique Belt and sub-parallel to the present coastline.
Isopach lines at the base of the ©Natal Group strike
north-northeast in the northern sector of the Embayment but
turn sharply northwest in the vicinity of Harding (Kingsley
1975). Kingsley (1975) suggests this change in direction may
have been due to the influence of an east/west trending
basement ridge. A ridge is present to the west of Kokstad and
it possibly extends eastwards to the coast. Nixon et al.
(1983) note the presence of a large fault at Matatiele, down
thrown (240m) to the north. This fault extends westwards into
Lesotho and may represent the western extent of the basement
high. Alternatively, the latter is an imposed feature due to

‘removal of sediment during Dwyka glaciation (Kingsly 1975).

Sedimentation into the trough was from the uplifted Northern
Zululand highlands southwards into a narrow marine embayment
and deposits grade from terrestrial in the north to marine in

the south (Tankard et al. 1982, Hobday and Mathew 1974,



Kingsley 1975). Sediments were deposited over an undulating
topography with granitic hills providing some 1local sources

for sedimentation (Kingsley 1975).

The Natal Embayment formed as a result of abortive rifting
related to approximately east/west orientated tension. Down
- faulting was contemporaneous with sedimentary deposition
(Matthews 1961). Slump structures within sediments indicate
tilting to the southeast and appear to be concentrated in the
'eéstern part of the Embayment, perhaps indicating more
extensive movement near the trough axis and where the
sedimentary load was thickef. Kingsley (1975) describes three
major marine transgressions. These may be related to three
periods of major down faulting or, alternatively, to eustatic
changes in sea 1level, or a coﬁbination of both. Matthews
(1961) noted that the hingeline of tilting "indicated by the
most western slumped beds is almost coincident with the axis

of the post Karoo monoclinal flexure in this part of Natal."

Rifting resulting in formation of the Natal Embayment occurred
'in early Palaeozoic. On the basis of limited fossil evidence
from the southern extent of the Natal Group the sediments are
thought to bé the time equivalent of the Witteberg Group and
not pre-Devonian in age (SACS 1980). The sediments are,

therefore, possibly about 400 Ma old.

10



2.2.2.3 KAROO SEQUENCE

Deposition of the Karoo Sequence sediments followed deposition
of the Natal Group. The Natal Embayment was reactivated
twice, once in late Carboniferous/early Permian (Dwyka) and
once in the Permian (Ecca) to form the Natal Trough (Tankard
et al. 1982). The Trough was widened westwards and extended
northwards relative to the earlier Embayment and was parallel
to the present Natal and Lebombo flexure (Stratten 1970). It
is uncertain how far north the Trough extended during Dwyka
“times. Kostlin and De Gasparis (pers. comm.) using
geophysical evidence outlined an "ancient zone of weakness"
that extends from approximately 26° 15’S to 28°S. It occurs
next to and parallels Lebombo faulting and the Rooi Rand dyke
swarm, indicating extensive tensional faulting, occurs within
Fhis area (Armstrong et al. 1984). It seems possible that the
area represents the faulted basin of the Natal Trough

initiated during Ecca and possibly Dwyka deposition;

‘Dwyka glaciation followed deposition of the Natal Group in
late Carboniferous/early Permian, possibly in the region of
about 300 Ma. Direction of movement of ice sheets in Natal
'was generally southwards and Matthews (1970) suggests this was
due to topographic deflection.  If this is the case the
reactivated Natal Embayment was largely responsible for
controlling movement of the ice. Deposition of glacial debris
. was onto a highly irregular surface (Von Brunn 1977, Von Brunn

and Gravenor 1983).

11



A marine incursion at the end of Dwyka glaciation, extending
as far north as Tugela Rand, led to conformable deposition of
Ecca sediments (Von Brunn and Gravenor 1983). Marine
- sediments provided a blanket cover that smoothed out major
irregularities in the wunderlying Dwyka topography (Hobday

1973).

The Natal Trough was reactivated during deposition of Ecca
sediments (at possibly about 270 Ma). Some evidence for an
unstable basement in early Ecca comes from the presence of
marine flysch' deposits in lower Ecca sediments in Transkei
(Truswell and Ryan 1969). During the middle Ecca basinal
subsidence appears to have been gradual. Sediments were
deposited as a series of cyclical prograding delta fronts
(Hobday 1973, Hobday et al. 1975, Mason and Tavener-Smith
1978, Tavener-Smith 1979,vchristie and Tavener-Smith 1979) and
sedimentation more or less balanced subsidence (Hobday 1973,
- Whateley 1980). Subsidencé within the Natal Trough appears to
ﬁave been variable with localised areas showing relatively
greater subsidence (eg. the Nongoma graben) and others a
relatively more stable environment characterised by slower
‘subsidence (eg. Vryheid). Further irregqularities within the
Trough were prbbably created by upfaulted areas such as the
Ngoya horét. Bristow (1976) suggests the latter may represent
an old basement high formed prior to intrusion of the Lebombo
~ basalts. Middle Ecca sedimentation ended with more stable
fluvial deposition followed by regional subsidence, a marine

transgression and deposition of upper Ecca mudstones (Cadle

12



and Hobday 1977, Whateley 1980). This was followed by

deposition of lower Beaufort sediments.

Little is known about deposition of the younger, Triassic,
Karoo sediments (Beaufort to Stormberg Groups) along the Natal
coast. In general, limited erosional outliers of Beaufort
Group sediments are present, however, in some down faulted
blocks, in the interior of Natal and along the Kwazulu coast
parts of the sedimentary record are preserved (geological maps
series 2831 DA to DB). Evidence from these deposits suggests
a more stable platform sedimentation with Upper Karoo
sequences thinning from the main basin northwards and
eastwards over the earlier Natal Trough (Tankard et al. 1982,
Dingle et al. 1983). It is inferred that sediments wedged out
to the east, over Antarctica. Dingle et al. (1983) suggest
that deposits thinned from a depth of about 7km in the
vicinity of Grahamstown to 1km on the east coast. Spreading
of sediments from the main Karoo basin over the Natal Trough,
a distinct basin during Natal Group, Dwyka and middle Ecca
deposition, was probably related to the regibnal downwarping
‘of the continental interior and uplift along the present coast

which occurred at this time.

Karoo volcanism associated with voluminous outpouring of
basaltic magma along the Lebombo line was initiated at about
190 Ma (Brisﬁow 1980), Jjust prior to the breakup of
Gondwanaland. This was related to the main phase of tensional

tectonics. Intrusion of the Eshowe melilitites followed after
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major rift tectonics and after basaltic magmatism (Section

7.5).

2.2.3 GONDWANA AND POST-GONDWANA TECTONICS

2.2.3.1 GONDWANA FRAGMENTATION AND DRIFT

The style of Gondwana fragmentation interacting with pre-
existing crustal structures has influenced structural
development of the African east coast (Figure 2.3). At
approximately 140 Ma Antarctica split away from Africa by
east/west tensional parting with oceanic crust developing from

north to south (Dingle et al. 1983).

This was followed at between approximately 121 Ma and 129 Ma
by the parting of South America and Africa (Eales et al. 1984,
Dingle et al. 1983). On the east coast of Africa the

Agulhas/Falkland Plateau moved away by northeast/southwest

V-shearing with oceanic crust developing from north to south.

Simultaneously the west coast of Africa separated from South
America by east/west orientated tensional parting with oceanic
crust developing parallel to the coastline and extending from

south to north.

The Eshowe melilitites occur at the Jjunction of these two
styles of parting: the east/west tensional parting of Africa
and Antarctica and the northeast/southwest shearing of the

Agulhas/Falkland Plateau (Figure 2.3).
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STYLE OF GONDWANA FRAGMENTATION

2.2.3.2 GONDWANA TECTONICS

Three distinct structural units occur on the east coast
(Dingle et al. 1983): a northern region characterised by
rifés; a southern region by a long straight continental edge

and; at the juncture of the two, in Natal, are two zones of

arcuate faulting (Figure 2.4).
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represented in Antarctica (Dingle et al. 1983), however, parts
of the limb may have been destroyed by crustal fragmentation,
sea-floor spreading and drift (Bristow pers. comm.). Parts of
the western limb are preserved in the ocean floor. This 1is
represénted byvthe northern Natal Valley, a graben, and the
Mozambique Ridge, a horst. On the basis of gravity and
seismic data the structures both <consist of thinned
continental crust, approximately 15 and 20km thick
respectively (Dingle et al. 1983) and Eales et al. (1984)
suggest basalt, intersected in a drill hole, on the Mozambique
Ridge represents the upper part of an'essentially continental

sequence of crustal rocks.

Basement control on rifting is also apparent. Rifts parallel
the Pan African Mozambique belt and probably occur at the

mobile belt/archaean craton boundary (Bristow 1976).

The main phase of tensional tectonics, related to Gondwana
fragmentation, probably commenced at about 190 Ma. Proto-rift
formation, however, probably started prior to 200 Ma (Bristow
1980). This rifting ended when the Lebombo magmatism ceased,
at 133 Ma (Bristow 1980), following Antarctica drift. Some
movement along faults did continue until 100 Ma (Dingle et al.

1983) .

2.2.3.2.2 THE SOUTHERN REGION

The long straight continental edge to the south of about 30° S
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is a vertical shear fault formed by the movement of the
Falkland and Agulhas plateaus to the southwest (Figure 2.4).
The fault truncated all pre-drift structures such as the
Transkei Swell, the eastern part of the Karoo basin and the
Outeniqua basin (Dingle et al. 1983) and forms the western
boundary.to the southern Natal Valley. The latter is bounded
on the east by the Mozambique Ridge. The southern Natal
Valley differs in character from its northern extension in
that it is not a graben structure but consists of oceanic
crust. Gravity and seismic data indicate a basement thickness
‘of 9km, in addition, depth of seawater above basement is more
than 5km while that above the northern Natal Valley is 3 to

4km (Dingle et al. 1983).

2.2.3.2.3 THE NATAL FAULT ZONE

The Natal Fault Zone occurs between approximately 29° to 33° S
and consists of two zones of arcuate faulting, a northern and
southern 2zone (Dingle et al. 1983). These fault 2zones are
probably related.to a complex interaction of forces and to
basement control (Figures 2.2 to 2.4). The complex of forces
developed as a result of east/west tension, associated with
fragmentation of Antarctica, interacting with the tensional
systems (orientated northeast and northwest) and a shear

compbnent'related to movement of the Falkland Plateau (Bristow

1976) .

On the continent the northern arcuate fault zone occurs at the

18



juncture of the archaean craton and the NSMP and appears to
truncate the Lebombo rifts. Faults swing to the east near the
coastline and are approximately aligned with the Naude Ridge
which may represent the seaward continuation of landward
faulting (Dingle et al. 1983). The southern arcuate fault
zone appears to truncate the northern faults and again swings
east across the coastline to align with the Tugela Ridge. The
latter is believed by Dingle et al. (1983) to represent the
continent-ocean boundary between thinned continental crust of
the northern Natal Valley and oceanic crust of the southern

Natal Vvalley.

Faulting in the Natal Fault Zone is characterised by tilted
and step-faulted blocks and associated horst and graben
structures (Figure 2.4). In general faults trend
north-northeast and swing, in the southern extension of each
zone, to north/south and in the northern extensions through

northeast to east/west. Downthrow is generally on the outer

. convex side of fault arcs and the dip is inland to the west

: and northwest. In the core of the arcs downthrow is on the
concave side and the dip 1is to seaward, southeast, (Maud
1961). The throw on faults varies from a few metres to a
thousand metres. In general, step-faulted cores have
relatively small throws while longer convex faults have larger
throws. Beater and Maud (1960) suggest a throw of about 1200m
to 1500m for the Eteza fault while McCarthy (1988) suggests

6000m against the Southern Lebombo extrusives.
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The major phase of faulting associated with Gondwana
fragmentation occurred in the Jurassic. Movement of faults in
the northern arcuate zone ceased in the late Jurassic (Frankel
1960) while fault movement of the southern zone is believed to

have stopped in the mid-Cretaceous (Maud 1961).

Faulting in the Natal Fault Zone was associated with uplift
along the present day coastline. Uplift occurred
spasmodicallf from 1lower Triassic to upper Tertiary and
appears to have been localised events. ie. not a uniform
regional uplift but occurring at different times and
amplitudes and resulting in development of the '"coastal arch"
(De Swardt and Bennet 1974). This resulted in different
centres of uplift: the Transkei Swell (consisting of the Port
Shepstone and Port Alfred arches), the Natal Arch and the

Vryheid Arch.

Uplift of the Port Shepstone Arch was initiated in the lower
Triassic, and of the Port Alfred Arch in the post Triassic
~ (Dingle et al. 1983). Timing of uplift of the Natal and
Vryheid arches is uncertain but they appear to be intimately
associated with the arcuate faults (De Swardt and Bennet
1974). They are, therefore, probably, at least, Juraésic in
age. This uplift is probably largely responsible for the
thinning of Upper Karoo sediments over this part of Natal.
~From about the mid-Cretaceous faulting associated with uplift
ceased and uplift was associated with continued seaward

tilting of the coastal zone (Dingle et al. 1983). De Swardt
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Swardt and Bennet (loc. cit.) suggest the latter uplift and
tilting was related to erosion of uplifted areas and
deposition into newly created, generally oceanic, sedimentary
basins. It seems probable however that further magmaticv
activity was responsible for this uplift. Fission track
dating of apatites suggest an extensive heating event occurred

“at about 95my along the east coast (R. Brown pers com.).

‘The Eshowe melilitites occur within the northern 2zone of

arcuate faulting (Figure 2.4).
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CHAPTER THREE

GEOLOGY AND PETROGRAPHY

3.1 GENERAL INTRODUCTION

The .olivine melilitites ,are located to the northeast of
Eshowe, approximately 100km northeast of Durban and 30km west
of the coastline (Figure 3.1). The intruéions comprise fourv
dykes; Tembani Ranch, Ndundulu, Umgoya and Emtilombo, and two
pipes; Cowards Bush and Ngoleni. They have an unusual box
like distribution with Ndundulu and Tembani Ranch making up
the most northerly corners, Umgoya and Emtilombo the most

southerly and Cowards Bush and Ngoleni within the centre.

The extensive vertical tectonism along the Natal coast has
influenced development of the drainage and relief resulting in
a highly dissected terrane. Highlands related to wuplifted
horsts occur in the norfhwest (northern ho%st) and south
(Ngoya horst). These are separated by the northeast trending
generally lower 1lying, gently undulating countryside of the
Nkwaleni graben that occurs in the centre of the area and
forms the Mhlatuze River valley (Figure 3.2). The total
relief in the area is 640m (2081 feet). The dykes, with the
exception of Tembani Ranch, are located on the horsts and the

pipes are in the graben.
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Access into the area is via the N2 South Coast and Eshowe -
Melmoth national roads and the old ‘Empangeni main road
(dirt), which follows the trend of the Nkwaleni graben. Most
of. the occurrences are readily accessible and the only
difficulties encountered are in the rugged highlands. Here
access 1is generally via small tracks that lead from rural

roads to schools, churches and trading stores.

As the occurrences have no economic potential little work has
been done on outlining themn. Geological descripﬁions are
based on a combination of field observations, information from
pits, trenches, drilling, surficial spread of heavy minerals
(ilmenité) and ground magnetometry. Surface exposures of the
Eshowe olivine melilitites are rare and where present consist
of extremely weathered micaceous clay material. Borehole core
obtained from Tembani Ranch and Emtilombo dykes and Cowards
Bush and Ngoleni pipes was suitable for ©petrographic
investigation. The freshest specimens are from Emtilombo and
it is on these that the petrological study of the Eshowe
melilitites is based. No fresh material is available from
Ndundulu and Umgoya dykes and as samples collected from
trenches are too altered for meanihgful petrographic
interpretation they are excluded. Locality and geological

details of the occurrences are summarised in Table 3.1.
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TABLE 3.1

LOCATION AND GEOLOGY OF THE ESHOWE MELILITITES

»

DYKES -

LOCALITY TEMBANI RANCH EMTILOMBO NDUNDULU UMGOYA COWARDS BUSH NQOLENI
LONGITUDE-E 31° 44' 43" 31° 32 32v 31° 32+ 18" 31° 43 23" 31° 38* s57* 31° 40 53" -
LATITUDE -S 28° 38 o9~ 28° 50 45" 28% 38' 13" 28% 48" 45" 28° 45 28" 28° 44 43-
WIDTH 0.15 to 0.35m 0.6 to 2.0m - - 1.2ha 0.25ha
LENGTH - 375m - - - -
STRIKE 120° 127° -80° ~110°-120° - -
CONCENTRATE Ilmenite Ilmenite, Ilmenite, Ilmenite Ilmenite Ilmenite,
chromite garnet, garnet,
clinopyroxene. clinopyroxene
COUNTRY ROCK Karco Arkosic Arkosic Basement gneiss Karoo’ Karoo
Siltstone. sandstone. sandstone siltstone siltstone,
Dolerite Dolerite dolerite
SETTING Grében Horst Horst Horst Graben Graben
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TABLE 3.2

TERMINOLOGY
- TERM:. .. DESCRIPTION.

XENOCRYST Anhedral extensively corroded olivines characterised by mosaic re-crystallisation textures
(neoblasts). Other minerals, eg. pyroxene and spinel, commonly associated with peridotite
microxenoliths.

MACROCRYST Terminology of Clement (1982). Large anhedral olivine grains of uncertain paragenesis. Also
used to refer to all minerals of uncertain paragenesis.

COMPLEX Refers specifically to euhedral to subhedral olivine with unusual primary morphology. They

PHENOCRYST consist of parallel growth aggregates, growth aggregates, sharp re-entrant and other
resorption features and hopper olivines.

PHENOCRYST, Early formed crystals with simple euhedral to subhedral morphology. Phenocrysts >=0.5mm.

MICROPHENOCRYST Microphenocrysts <0.5mm in longest dimension.

CRYSTALLINE Generally with respect to carbonate morphology - the term refers to carbonate occurring as
coarse anhedral plates or euhedral to subhedral rhombs.

CRYPTOCRYSTALLINE | Minerals occurring as clusters of minute, microscopiéally indiscernible, granules - generally
refers to carbonate or serpentine in the groundmass.

MACROCRYSTIC Macroscopic texture - Olivine (mainly) macrocrysts are relatively abundant and conspicuous in
a macroscopically fine—-grained and uniform groundmass (Clement and Skinner 1985).

SEGREGATIONARY Segregations of later crystallising minerals, usually calcite and serpentine (in kimberlites), -
calcite and zeolites in melilitites (this study) into irregular shaped pools within the
earlier crystallised groundmass (based on terminology of Clement and Skinner 1985).

GLOBULAR- Extreme segregation where the earlier crystallised minerals segregate into 'globular®

SEGREGATIONARY spheroids and these are set in a base of the later crystallising calcite, serpentine and/or
zeolites (the latter is prevalent in the Eshowe melilitites). Based on the terminology of
Clement and Skinner 1985,

VOLCANICLASTIC Terminology of Fisher and Schmincke 1984. A non-genetic term for pyroclastic and epiclastic

eruptive volcanic deposits.




TABLE 3.3

PETROGRAPHIC CLASSIFICATION OF THE ESHOWE MELILITITES

ﬂGENETIC CLASSI TCATIOL

macrocrystic melilitite with a trachytic
groundmass texture. Groundmass minerals have a
uniform distribution. Rare varieties have a
segregationary or globular-segregationary
groundmass texture..

TEMBANI Hypabyssal facies porphyritic melilitite with a Carbonatised dpaQue mineral-rich olivine-

RANCH uniform groundmass texture. clinopyroxene phlogopite-melilite melilitite.
: : Some varieties are apatite-rich.’

EMTILOMBO! UNIFORM MELILITITE - Hypabyssal facies, Predominant variety - Opaque mineral-rich

olivine calcite-phlogopite-melilite melilitite.

Micaceous variety - Opaque mineral-rich
phlogopite-melilite melilitite.

CLINOPYROXENE MELILITITE - Hypabyssal facies,

.macrocrystic melilitite with a globular-

segregationary dgroundmass texture.

Contaminated olivine calcxte analcxte—mellllte-
clinopyroxene melllltlte.

MELILITITE BRECCIA - Hybabyssal facies,
‘globular-~segregationary melilitite breccia.

Altered (carbonate and clay minerals), opaque
mineral-rich olivine serpentxne’-mellllte
melilitite.

COWARDS BUSH

Volcaniclastic3 bréccias_qnd'fine—grained
lapilli volcaniclastic deposits.

Based on the mineralogy of the lapilli -
Altered (clay minerals and carbonate) olivine
melilite melilitite.

Terminology of Fisher and Schmincke 1984.

NQOLENTI Volcaniclastic® breccias and fine- gralned Based on the mineralogy of the lapilli -
lapilli volcanlclastlc deposits. Altered (clay minerals and carbonate) olivine
phlogopite-melilite melilitite
1 = Based on the textural-genetic classification used for kimberlites (after Clement and Skinner 1985).
.2 = Based on the mineralogical.classification scheme used for kimberlites (Skinner and Clement 1979).
3 =








































































































































































































































CHAPTER FIVE

MINERAL CHEMISTRY

5.1 GENERAL INTRODUCTION

Microprobe analyses were undertaken on selected matrix and
xenolithic minerals in the Emtilombo thin sections. The
chemical compositions and zonation trends of the olivines and
spinels are described in this Chapter as these minerals have
importént implications with resp?ﬁﬁﬁito paragenesis of the
Emtilombo melilitite. The paragenetic significance of these
minerals is discussed in Chgbféfh?7- in conjunction with
comments on chemistries of other ﬁinerals. The chemistry of
spinels from concentrate derived from a variety of the Eshowe
melilitites is described and compared to the xenolith and
groundmass mineral chemistries. No attempt has been made to
calculate the Fe,0; contents of the silicates and FeO refers to
tota1 iron in these minerals. ., The; proportion of ferrous and

(i

oxides. Cheples 2w
e“k%%?;—nm

Analytical conditions are desq:ibgd;yin. Appendix 1 and the

minerél chemistry data is stored .on the disk in the back

pocket. Printouts of the analyses of all minerals are

o S0 el 04
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included in Appendix 2. A 1listing of files on the disk and

the format of the data is included in Appendix 3.

5.2 OLIVINE
The olivine populations (all grains: cores and rims) show a
range of forsterite contents of{from 91 to 79 but the bulk of
the grains occur between Fo 837t6“86. The most conspicuous
variation is shown by NiO whichwranées-from 0.40 down to 0.05
wt%. The overall chemical trend is one of decreasing NiO and
- MgO associated with increasing FeO (Figure 5.1).
diyg e

Olivine compositions, in the ,varipus‘ morphological groups,
show a —considerable degree of overlap (Figure 5.1).
Differences between the groups are apparent as variations in
the range of spread of forsterite, NiO and Ca0 contents and in

the nature of the core to rim, zonation patterns. Manganese

does not show any significant differences between the groups.

Rim compositions of all olivine mq;phological groups show a
total overlap and a much more restricted spread of forsterite
and, in general, lower nickel compared to core compositions
(Figure 5.2). At 1low NiO contents there is a small but
distinctive dogleg slant to slightlx increasing MgO associated
with a continued decrease of NiO,&and decreasing FeO. This
trend 1is Ggenerally a feature14o£“_the phenocrysts and

microphenocrysts core to rim analyses..



ik

b

Several zonation trends from core to rim and with respect to
forsterite and NiO have been qbsefved in olivines from the
different morphological groups. Thege-are as follows:

1) Decreasing forsterite apdiNiO;

2) Increasing forsterite wigh'decreasing NioO;

3) Unchanged forsterite wifh aécreasing Nio;

4) Increasing forsterite and Nio;

5) Unchanged forsterite with increasing Nio;

6) Decreasing forsterite-and- increasing NiO;

7) Increasing forsterite unchanged NioO.
A histogram of the frequency of occurrence of the various
trends, per olivine group, is shown.in Figure 5.3.

LV AT S O
Lt

5.2.1 OLIVINE XENOCRYSTS Land ML
Discrete xenocrysts and olivines ;in microxenoliths are, in
general, characterised by high fq;stgrite and NiO and low MnoO
and Ca0 contents when compared to the remainder of the olivine
groups (Figure 5.1). Forsterite, MnO and Ca0O show a fairly
wide compositional spread while . NiO;.is relatively restricted.
Xenocrysts compositions overlap ;;slightly with the more
ﬁagnesian olivine macrocrysts ,and_ microphenocrysts (Figure
5.4). They are diétinguished gpom;thgu;atter by their lower

calcium contents.

Olivines with the highest forsterite, 88.60 to 91.06, and NioO,
0.33 to 0.43 wt% occur in the 1lherzolite group of micro-

xenoliths (Figure 5.4). These - olivines have the lowest MnO



and Ca0O of all the olivine morphological groups. Olivines in
a dunite microxenolith have 1lower forsterite and NiO and
higher MnO and Ca0O than the former and are compositionally
similar to the more magnesian macroérysts. A discrete olivine
xenocryst with a mosaic texture"plofs amongst the bulk of the
macrocrysts (Figure 5.4). An olivine within the pyroxenite
microxenolith is compositionally distinct from any of the
other olivine groups. It is distinguished by having a
relatively high NiO (0.31 wt$%)- with- a relatively 1low
forsterite content (83.7). The olivines define a continuous
trend of decreasing forsterite and NiO from the most magnesian
lherzolites to the more iron, rich: macrocryst compositions

(Figure 5. 4) . J,(.,u 2.7 b

5.2.2 MACROCRYST CORE COMPOSITIQNS o

Macrocrysts are uniform in composition across almost the
entire width of the grain and chemical =zonation, where
detected, is confined to a narrow, approximately 0.02mm rim at
the grain boundary. The cores have relatively restricted
compositions (Figure 5.1) particularly with respect to
forsterite which ranges between. 81.71 and 87.39 (mean 84.11).
Two populations of macrocrysts are -present (Figure 5.4): 1) a
high forsterite and nickel population; and 2) a 1lower
forsterite and nickel population. In the former group
forsterite in the bulk of the macrocrysts varies from 84.2 to
85.4 and NiO between 0.25 and 0.3 wt%. The latter population

is typified by forsterite contents of from 82.5 to 84.2 and

e
A
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NioO of 0.15 to 0.21 wt%. No other chemical differences are
apparent between these two populations, manganese ranges from
0.15 to 0.25 wt% (mean 0.19 wt%) and CaO from 0.10 to 0.17 wt%

(mean 0.13 wt%).

5.2.3 PHENOCRYST CORE COMPOSITIONS' ‘

5.2.3.1 COMPLEX PHENOCRYSTS

Core compositions for the comple#-‘phenocrysts overlap the
range of macrocryst core compositions but show a slightly
wider spread of forsterite, MnO, Ca0 and NiO (Figure 5.1).
Forsterite varies from 79.6 up to 87. Mean forsterite, 83.52,
is slightly lower than that of the macrocrysts but the bulk of
the grains fall between Fo 83.8;; and 85.6. The complex
phenocrysts appear to bridge the gap between the two
macrocryst populations. Two distinctive populations of
complex phenocrysts are evident (Figure 5.1): a high iron low
nickel population (rare grains) and a more magnesian and

higher NiO group (most abundant population).

T Y
5.2.3.2 PHENOCRYSTS Ko Cea
Phenocryst cores completely overlap the extent of macrocryst
and complex phenocryét compositionsmwith respect to forsterite
NiO, Cca0 and MnO but tend to have slightly lower forsterite at
similar concentrations of NiO (Figure 5.1). Some phenocrysts

do show similar compositional;:, features to the main

microphenocryst population but thesg,are”in the minority (see

o el
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below) . When compared to all the above olivine groups
phenocrysts generally have a relatively more restricted range
of forsterite, NiO and CaO contents. ..--Rare grains do contain
higher Ca0, up to 0.29 wt%. The spread of MnO contents is

similar to that of the macrocrysts and complex phenocrysts.

$5.2.3.3 MICROPHENOCRYSTS ' L

Microphenocryst cores are characterised b& a much wider spread
of forsterite, NiO, CaO and MnO contents, than the macrocryst,
complex phenocryst, and phenocryst core chemistries (Figure
5.1). They completely overlap ;the;extent of all the 1latter
morphological groups and some qfﬁghe_xenocrysts with respect
to forsterite and NioO. In general they have slightly higher
forsterite at similar concentrations . of NiO and trend to much
higher and, at the other extreme,  lower NiO contents. Ca0
contents of the microphenocrysts are generally relatively
higher than in all of the other morphological groups. One
small population of microphenocrysts shows closer
compositional similarities to the, bulk of the phenocrysts than
to the predominant microphenocryst population (Figure 5.1).

S

SR et

5.2.4 RIM COMPOSITIONS AND ZONATIOﬁLPATTERNS

As mentioned above rim compositions of all the olivines show a
more restricted spread of fors;eripe when compared to cores.
They also have a wider range of calcium contents compared to

core compositions and there is, almost without exception, a

A T U B S
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distinctive increase in Ca0 at grain rims. MnO variably
increases, remains unchanged or decreases in rims but, in
general, the trend is towards highér manganese. Nickel
contents show a wider range and trend to higher and/or lower
amounts in rims of macrocrysts and complex phenocrysts than in
their cores. 1In the rims of phenocrysts and microphenocrysts
NiO generally has a more restricted spread and is lower than
in their respective core compositions.

Olivine macrocryst rims usually contain higher forsterite, MnoO
and Ca0O relative to their cores. Ca0O ranges from 0.10 to 0.52
wt¥ with a mean of 0.25 wt%. A more detailed look at core to
rim chemistries, with respect to forsterite and NiO, shows a
wide variety of differing zonation' trends are present. As
mentioned above this is restricted to a narrow margin at grain
rims and only one or two patterns are apparent on a single
grain, ie. zonation is simple. Six different trends, from
core to rim, have been observed on a variety of grains. These
are zonation trends 1 to 6, as defined above. The dominant
trend is to increasing forsterite and NiO, pattern 4 (Figure
5.3) and olivine macrocrysts with lower forsterite values tend
to show the strongest rim zonation patterns.

e

In general, forsterite contents of the complex phenocryst rims
are similar to those of the cores but the range is slightly
more restricted. Calcium ranges from 0.12 up to 1.04 wt% with
a mean of 0.35 wt%. A characteristic feature of these

olivines is that they display unusual and complex zonation
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patterns, with respect to forsterite and NiO, ie. they show a

. P
HELE [

pattern of two or more trends from core to rim as opposed to

the relatively simple patterns shown by the macrocrysts. This

‘

zonation occurs over a relatively‘gfggdhafain margin which can

be up to 0.2mm in width. f&iIJ"éhemiéal zonation trends

observed on macrocrysts are found”gn thé complex phenocrysts
1 TS i

but in addition pattern 7 is a£56 brésené. The most frequent

PN
[N ! -

trend from core to rim is that of'incfeasing forsterite and

NiO, pattern 4, followed by either--decreasing or increasing

forsterite and decreasing NiO, patterns 1 and 2 (Figure 5.3).

Phenocryst rims generally have similar, levels of forsterite to
those in the cores but the ranggliﬁ much more restricted. caoO
ranges from 0.12 to 1;04 wt% (mean j0.35, wtd). Core to rim
-zonation patterns of phenocrys§§,by@§h'gpspect to forsterite
and NiO, are simple. Fewer 2zonation trends are evident in
these grains than are present ;pafgg méé}ocrysts and complex
phenocrysts. Four patterns hayg-?ggnﬁggcognised, patterns 1
to 4 (Figure 5.3) and the predominant. trends are those of
decreasing NiO and either decreasing or increasing forsterite,

patterns 1 and 2. PR WA

In general, forsterite in the microphenocryst rims is lower
and has a more restricted range thghipgphe cores. Core to
rim zonation patterns of micrephgpqqusts, with respect to
forsterite and NiO, are again §gpp%%ugnqﬂthe variety is even
more restricted than for the ph&qgg;¥§t§eXFigure 5.3). Three
patterns have been recognise%ﬂ tgﬁtEssps 1 to 3. The
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predominant trend is of decreasing forsterite and NiO, pattern
1, but in all cases NiO decreases and it is the forsterite

trend that varies.

5.3 SPINELS

5.3.1 GROUNDMASS SPINELS

The groundmass spinels are essentially titanomagnetite solid
solutions that incorporate chromium-.,---:- aluminium and magnesium
(Figure 5.5). Cr,0; contents range from 0.05 up to 5.34 wt$%
with the cores of the 1larger grains having the highest
chromium. Aluminium contents are fgenerally between about 3
and 4 wt%, but can be as low ﬁ-j“as_;0.23 wt%, and titanium is
between 11 and 22 wt%. The grains contain FeO ranging from

29.31 to 36.72 wt% and Fe,0, from 24.31 up to 52.42 wt%.

The titanomagnetites, are characterised by a distinct decrease
in Cr,0; and TiO, from core to rim and from large to small
grains. Similarly Al,0; and FeO jshow a variable decrease,
increase or no change while Fef%‘shows a' consistent increase.
Y ER ST

Initially the grains show a normal magmatic trend of
increasing titanium and ferriccsiron.., . At concentrations of
37.5 and 16 wt% (Fe,0; and TioO, respeétivély) this trend shows a
distinct change to one of increasing ferric iron associated

with decreasing titanium. IR T



5.3.2 XENOCRYST AND CONCENTRATE SPINELS

Two populations of concentrate spinels are present (Figure
5.6): a titanium-poor magnesian, aluminous chromite population
and a titanium magnesium aluminium chromite that shows a trend
towards magnesian ulvospinel compositions. The xenocrysts
analysed show a similar division into the two populations.
Two "xenocrysts" were optically identified as such but are
large groundmass titanomagnetitésSs that have nucleated on the
corroded rim of a clinopyroxene-macrocryst. These grains are

excluded from this discussion.

The titanium-poor grains contain less than 1 wt% TiO,, chromium
contents range from 21.21 up toiggz.z wt% and aluminium is
between 12.74 and 38.82. Ferrous; and ferric iron contents
generally fall between 6 and. 14.- wt%; and 3 and 9 wt%,
respectively. TR I

fua dase o
These grains plot along the base iof .the prism (Figure 5.6).
They show a strong negative ;,correlation of chromium and

aluminium but no other trends are apparent.

The titanium chromi{:esss contain up to 14.93 wt% Tio,, between
14 and 46 wt% chromium and aluminium ranges from 4 to 26 wt%.
Ferrous iron contents are between-8.81 and 33.64 wt% and
ferric iron is from 5.86 to 35.3§_wt%. .

¢ 04
The grains show a distinct trend of increasing ferrous iron

and titanium associated with increasing ferric iron. There is
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also a strong negative trend of increasing titanium with
decreasing chromium. These ,features. suggest that this

population shows a normal magmaticltrend from more chromium
_ iah S
rich compositions to more iron and titanium rich compositions.
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FIGURE 5.3

FREQUENCY OF OLIVINE CORE TO RIM ZONATION PATTERNS
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