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Filed Trip Schedule

Day Date Time Activity

Tuesday 10/02/2009|6am-8am Drive to Ngezi

Tuesday 10/02/2009|8am -9am Induction and Introduction

Tuesday 10/02/2009(9am - 12am Examine Typical and unusual core
Tuesday 10/02/2009]12-1pm Lunch

Tuesday 10/02/2009{1pm-3pm Tour Open pit and selected outcrops.
Tuesday 10/02/2009|3pm-6pm Drive to Antelope Park to camp the night
Wednesday 11/02/2009|6am-8am Drive to Unki

Wednesday 11/02/2009|8am -9am Induction and Introduction

Wednesday 11/02/2009(9am - 12am Examine Typical and unusual core
Wednesday 11/02/2009(12-1pm Lunch

Wednesday 11/02/2009|1pm-4pm Tour selected outcrops.

Wednesday 11/02/2009|3pm-5pm Drive to Zvishavane - Shabani Club Camping
Thursday 12/02/2009|6am-7am Drive to Mimosa

Thursday 12/02/2009| 7am-8am Induction and Introduction

Thursday 12/02/2009]8am-10am Examine Typical and unusual core
Thursday 12/02/2009(10am-12:30pm ___ | Tour selected outcrops.

Thursday 12/02/2009]12:30pm-1:30pm |Lunch

Thursday 12/02/2009(1:30pm-5pm Drive to Bulawayo ( Find own accommodation)
Thursday 12/02/2009(5pm MacGregor Lecture - School of Mines
Thursday 12/02/2009 Overnight - participants own arrangements
Friday 13/02/2009 Return to Harare

Zimplats Schedule

Introduction and Induction at Selous Core Shed.

View following Core

oM~ wn R

Outcrop Visits

Xenolith near DP010

South of East Pit - structures at Base of Gabbronorite
Portal 3 — box cut - * potato reef’

DPO015 - Deepest hole with magnetite gabbro
DPO008 — Hybrid lithologies
DP016 — variety of the rock types
MLCO08 — Mulota disrupted profile
HNOO4 - typical Hartlyy hole
MLC 49 - typical hole
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Unki_Schedule

1 VRS7 Normal MSZ with fwf

2 MR 240 Normal MSZ without fwf

3 VRS8  Abnormal MSZ (replacement pegmatoid)

4 MR 139 Abnormal MSZ (serpentinite xenolith)

5 MR 235 Normal MSZ with xenoliths in the hanging wall

OQutcrops

MSZ intersection-road cutting
Xenoliths- serpentintes and pyroxenites-Unki South

Nodular Weathering-Potato Reef- Unki South
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Figure 2 The geology of the north-central zone of the Selukwe Subchamber. The plan shows mapped
outcrop, layering features, and localities of mapped xenoliths. The position of the Unki prospect shaft is
indicated. (From Wilson et al, 2000b)
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1.1 THE GREAT DYKE - GEOLOGICAL SUMMARY
AH. Wilson

Introduction

The Great Dyke (Fig. 1.1.1) is a narrow, tinear NNE-trending body of mafic and witramafic rocks 530 kam in length and
vkes, the Great Dyke was intruded about 2460 Ma

between 4 km and 11 km wide. Together with & suite of satellife d
(Hamilton, 1977: see Bibliography of the Great Dvke for ll references in the text) into a set of paraliel fractures cutting the
granitoids and greenstone belts of the Archacan Zimbabwe Craton and the granulites of the Archacan Limpopa Province
to the south. The northern extremity was deformed by the Pan African arogeny {Zambezi Province) at 500 Ma.

The lower ultramafic rocks of the Great Dvke are very well lavered and are overlaii several areas by erosional Tenmants
of the upper gabbroic rocks. The latier mark: the centres of up to five discrele cuhchambers or compaitments of the Great
Dvke magma chamber system each with an elongate boat-tike or doublv-plunging svnciinal struciure.

The first extensive mapping of the Great Dykewas carvied oul in the 1950s resulting in the first comprehen SIVE accounts
of the entire body (Worst, 1938, 1960}, This was followed in the 1960s by detailed studies of the upper chronutite lavers
and the Main Sulphide Zone (MSZ) in the Darwendale Subehamber (Bichan, 1969, 1970} and in the 1970s and 1980s by
major investigations of the minerelogical associations, fextures, petrology and structure of ihe Darwendate Subchamber
(Wilson, 1982, 1992). Revived industrial interest in the MSZ l#d n the 1580s and 19903 to further detailed stadies of the
MS7 in the Wedza Subchamber (Prendergast. 1988a, 1990, 1691 Prendergas: and Keays, 1989; in the Darwendale
Subchamber (Wilson and Naldrett, 15989: Naldrett and Wilson, 1989, 1990; Wilson ef al., 1959, Wilson and Tredowm
16907, and in the Selukwe Subchamber {Coghill and Wilson, 1993).

Tectonic setting

To explain the co-linear fracture patiern which controlled the emplacement of the Great Dyke and its sateliites, a pure shear
model with intrusion of magma during a period of erustal extension has been suggested {Wilson. 1987). In this model, the
sequence of events relating o the emplacement of the Great Dyke are as follows (Fig.1.1.2).

Stages | and 2. A north-northwest-directed maximum compressive stress, caused by overthrusting of the north marginal
zone of the Limpopo Province onto the southern part of the Zimbabwe Craton, indaced the major Popoteke fracture systern,
together with the conjugate Mchingwe fault set. Sinistral strike-slip movement occurred atong the faults.

Stage 3. Extension occurred along these faults by rotation of the maximunl compressive stress (from north-northwest to
north-northeast) with subsequent emplacement of Great Dvke magma, periodically and over an extended period, into the
dilated fracture system. as a series of linked magma chamber compartments. At the same time, quartz gabbros were
emplaced as flanking sateltite dykes that extend almost the entire length of the Great Dyke (ast and Umvimeela Dykes).

Stage 4. Subsequent rotation of the maximum compressive stress back o the north-norihwest direction caused dexiral
movement along the Mohingwe fault set together with further dyke emplacement on the north-northwest fracture patters
(Bubi and Crystal Springs Swarms; Robertsen and van Breemen, 1570).

Stratigraphic subdivisions and eyclic units

The stratigraphy of the Great Dyke is formally subdivided into a Jower Uliramafic Sequence and an upper Mafic Sequence
(Wilson, 1982) (Fig.1.1.3). The upper part of the Ultramafic Sequence comprises well-developed cyclic units cach made
up of a lower dunite or harzburgite layer and an upper pyroxenite layer. Cyclic unjts in the lower part commence with &
thin basal layer of chromitite followed by a thick dunite layer, pyroxenites are absent. On this basis, the Ultramafic
Sequence can be further subdivided into an upper Pyroxenite Succession and a lower Dunite Succession {Wilson and
Prendergast, 1989), each made up of readily-definable cyclic units.

Although smaller layering units exist in all the major cyclic units, they can be readily defined only in the well-exposed Cyclic
Unit 1 at the top of the Ultramafic Sequence. Cyelic Unit 1 has been formally subdivided on the basis of changes in
lithology and the presence of several chromitite lavers. By jocal convenlion, a ‘P’ notation 1s used in numbering the
pyroxenite layers so that the pyroxenite in Cyclic Unit 1, for exampte, is the P1 pyroxenite (or P1layer) (Fig. 1.1.4}.
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Fig. 1.1.2  Schematic representation of events associated with the emplacement of the Great Dyke. (1) Collision of the
Zimbhabwe and Kaapvaai Cratons and novthward overthrusting of the norih marginal zone of the Limpopo
Province: (2} development of sinistral strike-slip faults of the Poporeke Joult set (F in Figure 1] 1) together with
the conjugate Mchingwe fault set (MF in Figure 1.1.1): (3) rotation of meximum compressive stress causing
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At surface. dunite has been totally replaced by serpentinite. Deep drilling in the Mutorashanga area has shown that the
degree of serpentinization decreases with depth and unatiered dunites are encountered in unfractured areas at depths of about

300 m.

Chambers and subchambers

A significant feature of the Great Dvke is the longitadinal varaticn in the stratigraphy of the Ultramafic Sequence and the
distribution of remnants of the Mafic Sequence (Fig. 1.1.5). On the basis of these variations, and of the existence of a major
break at Lalapanzi (Prendergast, 1987), the Great Dyke is now subdivided nto two major chambers and five subchambers
with a further possible chamber at the extreme north end (Table 1.1.1; Wilson and Prendergast, 1 985,

In the North Chamber. the Ultramafic Sequence is characterizad by relatively few, thick cyelic umgte (100 m thick on
average) with well-developed pyroxenite Javers  In contrast, the South Chamber has a greater number of thinner eyche umits
(10-30 m thick) with olivine pyroxenites predominating over pyroxcnites in the upper pars of the units. The Ultramafic
Sequence is often well exposed and the lavening iz well displayed on surface by the different ouicrop expressions of the more
resistant pyroxenites and clivine pyroxenites and the less resistant serpentinitss.  In the South Chamber, there is no
indication of 4 lower Dunite Succession on surface although thick intervals of fresh dunite were intersected m & borehole
below a depth of 700 m. Uniike the different development of the lower uitramafic units I each of the five subchambers,
the stratigraphy of Cyelic Unit | and the overlying Mafic Sequence is verv similar throughout the Iength of the Great Dvke.

Structure of the magma chambers

The structure and shape of the Great Dvke and its magma charabers have heen determined from gravity mvesiigations
{Podmore, 1970; Podmore, 1982, Fig. 1.1.6)  Each subchamber is essentially Y- or trumpet-shaped with gently mward-
dipping margins steepening at depth. A major deep structure is suferred along almost the entire length of the Great Dyke
hut is absent where the North and South Chambers abut at Lalapanzi. This deep structure is interpreted as 4 continuous
feeder dyke through which magma was emplaced into the developing magma chambers.

Some gravity profiles indicate local asvmmetry and tilting of the structure; this is supported n ssveral areas by the
asymmetrical distribution of layering across the Great Dyke. Some models also require the existence of deep-seated magma
chambers or deep extensions of the main chambers. The gravity profiles also suggest thal the size of the magma chamber
varies along the length of the Great Dyke. In particular, the North Chamber is significantly broader and deeper than the
South Chamber, and a progressive mcerease in chamber volume is evident fromi the Wedza Subchamber northwards.

Transverse structure of the layered sequence

A variably-developed Border Group is present in many places along the margins of the Great Dyke and at several different
stratigraphic and structeral levels of the Ulramafic Sequence (Wilson, 1982; Wilson and Prendergast, 1989; Fig. 1.1.7).
Up to several tens of metres thick, the Border Group varies from a very fine-gramed massive zone o a sieeply-dipping,
complexiy-lavered package of diverse rock types. Acicular cumulus pyroxenes aligned perpendicular to the wall rocks are
COMMOI.

The transverse shape of the layered sequence is synclinal, the layers lying fiat in the axis, steepening towards the margins
and then flattening again in the upper, broader part of the structure {Fig. 1.1.7; Wilson and Prendergast, 1989). The
transverse layered geomietry is largely primary with minor accentuation due to Jater downwarping in the axial zone.

In the Ultramafic Sequence, all layers which can be traced from the margin to the axis and those for which deep drilling data
are available become progressively thinner, more fine-grained and richer in postcumulus phases towards the margins.

As it approaches the margin, each layer becomes asymptotic to the walls of the mégma chamber and gradually merges with
the Border Group (Fig. 1.1.7). Thus, the Border Group is essentially a steeply-dipping favered zone. or extreme marginal
facies, in which each layer successively dies out against the chamber walls.
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Tabie 1.1.1. Main subdivitions of the Great Dyke magnia chamber system

Chamber South North Mvuradona
Subchamber Wexdza Selukwe Sebakwe Da;wendaie Musengezi -
Length (km) 30 26 120 210 - -
Thickness {m) 1800 1860 3350 3350 2450 -
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Fig 1.1.6 Bouguer gravity anomaly profiles for six raverses across the Greal Dyke. Locations of traverses are shown in Figure
- i ].1. Transverse sectional modeals consistent with surface geology provide best fits with the gravity dota Sample siaiions
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of the layered sequence consistent with field observations. () Various fits all showing the presence of deep-seated magma

chambers beneath the lavered sequence in the northern pari of the Darwendale Subchamber.
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The Ultramafic Sequence

Cyclic units

The stratigraphy of the Ultramafic Sequence m the Darwendale Subchamber is shown 1n Figure 1.1.4. The wdeal cyvelic unit
encowntered in the Ultramafic Sequence of the Great Dyke comprises a thin basal chromitite overizin by a thick dumic laver
- which grades upwards through harzburgite and olivine pyroxenite mnto a pyvroxenite which marks the top of the wnit. The
' ideal cyelic unit is not always complete.

Chromiilite

The development of chromitite layers may be related to ihe size of the subchamber, with the thickest. inost economically-

o viable and bes-known lavers vecurring in the Drarwendale and Sebakwe Subchambers. Eleven main chromuitite lavers (Tgs
1.1.4 & 1.1.5) have been ideniified in the Ulramafic Sequence of the [Dearwendale Subchamber (Prendergast. 1987
Prendergast and Wilson, 1989 Wilson, 1982; Wilson and Prendergast, T9RG: Worsi, 1060, 1964, together with manv thir,
variablv-continuous, minor chromitite layers whose relationship to the main cyclic units 18 not clear.  Although the
chromitites were formerly identified from the top down hy seam nunbers derived from mining praciice {e.g. No. | scam.
No. 2 seam, etc.), each is now numbered geologically from the top down. using a *C’ notaijon, according Lo ihe evelic unit
in which 1t ocours. '

The main chrormitite lavers are divided, jargely on 2 chemical besis, ialo two mam stratigraphic groups: the jow grade upper
group chromitites (Cle, Cld, and C2a) of the upper Pyroxenite Succession, and the high grade lower group chiromiines (C5-
C12) of the lower Pyroxenite and Dupite Successions.

- Along the axis, chroniiiites C5 to C12 average 10-15 em in thickness and are generally massive, comprising s dense

- linearly-interlocking, monomineralic mosaic of chromite grains averaging 0,5-10 mm. Primary interstitial phases are rare,
The fower contacts are generally sharp. An upward decrease of both modal chromiic abundance and grain size is observed

i towards the upper contact which is commoniy gradational and often finely layered over several cenfimetres {or up 10 150
cm above chromitite C6). Postoumulus fine-grained nodular textures are rare.

! Towards the margins, the chromitites become finer grained and at least one (C7 north of Darwendale) gradually changes
il from a massive chromitite in the axis to a disseminated olivine chromitite nearer the margin. In strongly-disserminated
olivine chromitites, the chromites form clusters of polygonal grains concentrated at olivine triple junciions. Transverse
variations in chromite composttions are observed in chromitite C7 near Darwendale. The MgO content and Cr/Fe ratio,
respectively, decrease from 14,2% and 3,6:1 near the axis to 12,9% and 3,3:1 near the margin over a distance of 3 km.
Several features of chromitite C5 distinguish it from the other lower group chromitites C6 to C12: (1) a relatively-coarse
prain-size, (23 a thick P6 pyroxenite footwall, (3) an olivine — orthopyroxenc reaction zonc in the hanging wall increasing
to 100 e thick near the margins, and (4) a2 2-10 em-thick poikilitic harzburgite laver with fine-gramed chromite between
the chromitite and the pyroxenite footwall. In one place near the margin, chromitite C6 is broken up inio small lenses,
locally upright or folded, probably due to gravitational instability in the steep marginal zone.

Unlike the lower group chromitites, the upper group chromitites Cle and Cld can be readily correlated at the same
stratigraphic leve} in all five subchambers, Throughout the Great Dyke, these two chromitites are significantly thicker, more
complexty lavered and more disseminated than the lower group chromitites of the Darwendale Subchamber. Posteumulus
T fine-grained nodular textures are common and increase in size and abundance towards the margins. In general, the finest
- chiromite grain size and the largest nodules are commonest in the narrower portions of the Great Dyke and towards the
margins of the wider portions. Marginal facies of the chromitites within a few hundred metres of the wall rocks comprise

a mass of fine-grained chromite poikilitically enclosed by large orthopvroxene crystals.

i Significant longitudinal and transverse variations in inlernal stratigraphy, olvine/chromite modal ratio. and chromite
-y compositions are a feature of chromitites Cle and Cid. These chromitites vary from a single chromule-rich layer to composite
sl layers of two or more chromite-rich layers separated by harzburgite. Each layer may grade laterally from massive chromitite
" to strongly-disseminated olivine chromitite, the lower layers and the lower portions of each layer tending 1o be the most
= massive. Single layers vary in thickness from 5 em to 100 em. In composite zones, the combined thickness of massive and
- disscminated chromitite lavers, together with the intervening harzburgite(s). may reach several metres. Chromitite Cld is
= the most variable of all the Great Dvke chromitites and unique among the upper group chromitites i several features that
i 3




it shares with chromitite C5 of the lower group: a (very thin) pyroxenite footwall, upper and lower zones of olivine —
orthopyroxene reaction and coarse grain size. These variations are well displaved at Darwendale and Latapanzi.

All the Great Dyke chromitites have been affccted to varying degrees by sccondary progesses that operated after
consolidation (Prendergast and Wilson, 1989). Thesc melude slight subsidence along the axis and consequent ransverse
thrusting along the chromitite planes near the margis, serpentinization, and ground water percolation in hilly terrain leading
to precipitation of secondary minerals. These processes in large part account for the strong transverse variations i batk
composition and physical quality (¢.g. friability) and in thickness and wall rock conditions observed between the margins
and the axis of the chromitite lavers n the Mutorashanga area. Inits nos-sheared state away from the margins, chromitite
'S js essentially in pristine form with physical properties typical of the massive chromitiies enclosed by dunite below the
serpentinized zone. (s Jow Friahility 1s probabilv caused (1) by anpealing and intergranular adbesion and (23 by the enclosing
footwall pyroxenite and hanging wall olivine—orthopvroxene reaction zone which together protceted the chromitite from
the effects of serpentinization of the overlving dunite.

Dunite and poikilitic harzburgiie

The dunite comprises interiocking olivine prains with typical planar boundaries and triple-point junctions. Fine-grained
chromite is an ubiquitous primarv mincral {1-4% by volume) and is generally concerrated at olivine grain margins or at
triple-point junctions. The olivine grains typically show strain or dislocanon twinning related to the wiple-pomt
intersections. This may be explained by grain-coarsening of annesling Processes. Srnall-scale fayering within cvelic unis
can ofien be defined by variations in grain-size and olivine/chromite modal ratio. Towards the margins. there is a reduction
in grain-size and an increase i the propartions of interstitial pyroxene and plagicclase, In all subchambers, dumile layers
in the axis appear to grade mfo harzburgite towards the margins. '

Poikilitic harzburgite is distingnished iu the field by the presence of large (1-5 cm i diameter), opuically-contiouous
orthopyroxene crystals with weathering characteristics different 1o those of the surrounding olivine grains. Olivine 1s
contained within the orthopyroxens but is kighly corroded and irregular in form. That the olivine grains were originally
targer and evhedral is indicated by the mantle of fine-grained chromite outlining the original olivine grains.

The relative abundance of dunite and poikilitic harzburgite it differant pasts of the Ultramafic Sequence is dependent on
stratigraphic position and the size of the magma chamber. The Darwendale Subchamber has extensive dunite in the lower
Thumite Succession whereas poikilitic harzburgite is an important component of the Pyroxenite Succession. In the Ultramafic
Sequence of the smaller Wedza and Selulowe Subchambers, poikilitic harzburgite 15 more COBMNON than duniie, and the
dunites contain more interstitial pyroxene that those in the Darwendale Subchamber.

Gramuler harzburgite and olivine pyroxenite

Granular harzburgite marks the textural transiion from poikilitic harzburgite to ohvine orthopyroxenite 1 which the
pyroxene becomes granular and no longer encloses olivine. Olivine occurs as discrete grains. With increasing proportion
of orthopyroxene, the rock-type grades mto clivine pyroxenite.- As the proportion of clivine decreases, its textural form
changes from discrete grains to highly-irregular crystals interstitial to and partiy enclosing rounded orthopyroxene crvstals.
This texture contrasts with that of the poikilitic harzburgites where rounded olivine crystals are entirelv enclosed by
orthopyroxene. In the smaller subchambers, olivine pyvroxenite predominates over pyroxenite. Postcumulus plagioclase
and interstitial phlogopitg become important minoy constituents of harzburgite in Cyclic Unit 1 of the Selukwe and Wedza
Subchambers and near the margin of the Darwendale Subcharaber.

Pyroxenite

Pyroxenite 1s the dommnant rock-type in the Pyroxenite Succession where it forms the uppermost rock-type of the eyche
ugits. In the lower cyclic units, it is very coarse-gramed with crvstals up to 10 mm long and consists almost cntireiy of
orthopvroxenc. The pyroxene crystals show well-defined glide twins with planes related to nick points on the crvstal margin.
Plagioctase and clinopyroxene are mifior COMponents and these commonly occur at the well-developed triple-pomt junctions
between the minerals. In general, the average grain-size of the pyroxenes in the Iower cyelic units 1s noticeably dependent
on the size of the magma chamber with the largest grain-size in the Darwendale Subchamber and the smailest in the Wedza

Subchamber,
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The Mafic Sequence

The Mafic Sequence is best preserved and achieves its maxunum thickness in the Darwendale Subchamber, bul the general
characteristics observed there alse apply to the other subchambers. The Mafic Sequence is subdivided into the Lower,
Middle and Upper Mafic Successions on the basis of mappable textural charactertstics (Fig. 1.1.4: Wilson and Wilson,
1981 Wilson and Prendergast, 1989). Further subdivisions are based on chamical reversals and detailed changes
T texturc. The rock-types and thickuesses of the subdivisions in the Darwendale Subchamber are summarized as follows,

- Lower Mafic Succession (approx. 700 m thick). Medium- t¢ coarse-grained gabbro. norite and gabbronorite contuinmg
primary orthopyroxene. These rocks are [ree of oliving except for 4 narrew olivine gabbro laver at the basc.

Aiddle dafic Succession {approx. 100 m thick).  Fine-to meditrn-grained gabbro and feldspatic erthopyroxemics some
of which contain olivine. Many of these latter rock-tvpes are texturally similar 1o those of the P1 pyroxenize

Upper Mafic Succession {approx. 300 m thick). Dominantly nontes with won-rich erthopyroxene derived by inversion
of pigeonite. Towards the top of the preserved succession, prmary magncetite 1s present.

The base of the Lower Mafic Succession is marked by a thin Javer {1-20 m) of olivine gabbre. Preferential weathering of
olivine gives rise to a distinctive “pock-marked” weathered outcrop. Ths unit is overtam by & thick sequence of monotonous
gabbronorites whick show an upward-increasing abundance of orthopyroxene and a gradual transition from cumulus
orthopyroxene at the base to large oplicaliy-continuous poéi:{:umuius orthopyroxens at the top  Fine-scale layering 1s
common, and, in the lower part, cross-bedding and erosion structures indicate the operation of magma densily curenis.
Similer features are seen in the fower gabbroic rocks of the Wedza and Selukwe Subchambers. A nartow chromitie layer
- also oceurs in places at the very base of the mafic rocks in these subchambers.

- The Middie Mafic Succession is a complexly-lavered package of rocks that are more primitive than those of the Lower
: Mafic Succession. The basal pvroxenite is characierised by extreme clongation of cumulus orthopvroxene. Other rock-
types inchude olivine-bearing gabbro, and feldspathic pyroxenites in which the feldspar forms large interstitial and opbicallyv-
continuous crystals..

The Upper Mafic Succession is characterized by the presence of cumuius pigeonite {with well-developed clinopyroxene
_ herringbone exsolution) now inverted to large plates of opiically-continuous orthopyroxene. Magnetite appears as a
cumulus phase, but iron-rich olivine and apatite-rich rocks, characteristic of the upper portions of many large layered

3 intrusions, are absent. Based on mineral composition trends. approximately 150 m have been eroded from the top of the
~ Mafic Sequence. Quartz gabbro occurs in the central downfaulted block of the Wedza Subchamber but the relatively
- magnesian pyroxenes contained in this rock-type indicate that it formed as a hybrid from extensive roof contanmination rather

than from extreme fractionation of mafic magma (Wilson and Prendergast, 198%).

Crclic Unit 1 and the P1 pyroxenite layer

Cyclic Unit | and the P1 pyroxenite layer occur at the critical point in the crystallization of the Great Dyke where clivine
i and orfhopyroxene give way to clinopyroxene and plagioclase, and have been investigated in detail becavse of the economic
) importance of the chromitite layers and the PGE-rich sulphide mineralization they contain. Cyclic Unit 1 and (particularly)

the P1 laver are the most complete and stratigraphically complex of the entire Great Dyke sequence (Fig. 1.1.4}. Both

display well-developed transverse variations i stratigraphy and petrology and, unlike the lower ultramafic units, both are

found with little significant stratigraphic change in all five subchamibers (Wilson and Prendergast, 1989).

Poikifitic harzburgite generally comprises the lowest silicaie lithology of the lower subunits of Cyciic Umt I. This rock-
= type is characterized by large (1-5 cm) orthopyroxene oikocrysis. Upwards within each subunit, there 1s a progressive
change in modal proportions and textures, interstitial phases Increasing at the expense of olivine, and orthopyroxene
= oikoerysts becoming more sbundant, but decreasing in size. Plagioclase also begins to form oikocrysts, the adjacent olivine
' showing cuhedral crystal faces. Poikilitic harzburgite grades upwards into granular harzburgiie as the orthopyroxene
st oikoerysts give way to aggregates of individual orthopyroxene crystals. Initiatly, the granular harzburgile occurs as
o discontinuous lavers 2-30 cm in length, the granular texture becoming pervasive higher up. Some subunits display the
- normal upward progression from granular harzburgite to olivine orthopyroxenite: others exhibit a reversal to poikiliic
P harzburgite.
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Tn places, for example near the western margin of the Darwendale Subchamber, plagioclase is an important constituent of
the harzburgite. Phlogopite may also be an important minor constituent of the feldspathic harzburgites forming large

poikilitic and opticatly-continuous crystals.

The orthopyroxenite of the P1 layer 15 the dominant and most complex lithology of Cyclic Unit 1. displaying marked changes
in grain-size and texture, modal proportions of cumuius and interstitial constituents, and mineral compositions (Prendergast
and Keays, 1989; Wilson, 1992). It is generally much finer grained than pyroxenites Jower in the sequence. Oikoerysts
of both plagioclase and clnopyroxene become comenon fowards the top of the P1 orthopyroxenite. In places, the plagioclase
oikocrysts give nse 10 2 characteristic nodular weathering feature - termed the ‘potato reel” - comprising nodules up fo &
om i dismeter and resulting from differential weathering of large. spherically-zoned. posteumulus plagioclase crysials. Al
the very top of the P layer is a prominent websterite, also with nodular weathering in places. Imerstitial pliopopite.
magnetite, K feldspar. quartz, sphene, amphibole. apatite, zircon and sulphide are ubiquitous mimor constituents of the Pl
laver as a whole. '

Cyclic Unit 1 in the Darwendale Subchamber is divided into six subunits. The four lower subunits {1c-113 arc delined hy
basal chromile concentrations and upper orthoprroxene-bearing rocks. Sybunit 1b contains the major P1 orihoprroxenite
at the top. The base of subunit 1a is marked by the re-appearance of olivine in an olivine pyroxenite laver, the Pi websteric
forming the upper part of the sub anit. At lenst three subunits are distinguished m the P1 layer n the Wedza Subchamber
on the basis of pyroxene compositions and mineralegical and texiurel changes.

Considerable fransverse variation cecurs chromitite lavers Cle and Cld (see above]. Towards the west margm of the
Darwendate Subchamber, the harzburgites have 2 higher proportion of orthopyrexene than in the ax1s, and plagioclase and
clinopyroxene becoms increasingly mmportent mierstitial phases. The ofivine pyroxenite at the base of subunif 1 a lenses
out towards the margin. The P1 layer is 220 m thick in the axis of the Darwendale Subchamber but thing to about 150 m
near the west margin. Similarly the websterite is 33 m hick in thc axis but enly 7 m near the west margin. The same
outward thinning is observed in the Wedza and Sehikowe Subchambers where average thicknesses are less. Each of the
subunits of the D1 laver also displays significant transversc lithological and compositional changes. The size and Mg
content of the cumtius pyroxenes decrease, and the 5izes and modal proportions of the postcamulus and interstitial phases
increase towards the margins. These vanauons are less marked in the narrow Wedza than in the wide Darwendale

Subchambers.

Towards fhe east margin of the Wedza Subchamber, websterife appears as a major lithology within the orthopyroxenites,
and gabbro interdigitates with the websterite at the top of the P1 layer (Prendergast, 1991). This gives rise to important
discordant relationships between phase and modal layering with new phases appearing on the liquidus at progressively
lower levels towards the east margin. Along parts of the east margin of the Wedza Subchamber, the upper levels of the P
layer, including the orthopyroxenites immediately below the websterite, were eroded by magma currents, the resulting
depressions being subsequently filled by fine-grained mafic rocks (Prendergast, 1991). Similar structures are present at
the same level of the Darwendale Subchamber (Wilson, 1992},

PGE mineralization ’

Tn contrast to the very low sulphide content of the pyroxenites of the lower cyclic units, sulphides are an nhiguitous minor
component of the P1 1ayer (Fig. 1.1.8). Their overal] distribution is broadiy corrclated with the proportion of postcumulus
phases and they are concentrated in several distinet zones. Two such zones are important: (1) the PGE-rich Main Sulphide
Zone (MS7) situated at, or a few metres below, the basé of the websterite, and (2) the Lower Sulphide Zone (LSZ)lying
about 30-65 m below the websterite layer. Each zone occurs within a separate subunmit. The MSZ is economic (or, in
places, potentially economic) and is discussed further below. The LSZ is normally much thicker and fower grade than the
MSZ but displays broadly the same vertical metal distributions. Fxisting knowledge of the LSZ suggests ils economic
potential is mostly very Hmited. The MSZ. and LS7, are both found in all five subchambers and are cssentially contmuous
and regularly developed throughout the preserved P1 laver.

At the top of the websterite and sometimes encroaching on the overlying mafic rocks is & semi-continuous, iregulariy-
developed zone of sulphide-bearing pegmatoid up to two metres tuck. The sulphides are often coarse grained but devoid
of significant PGE values.

A major and constant characteristic of the MS7, wherever it occurs is (1) the offset vertical metal distribution profile, and
(2) the bimodal diswribution of both Pt and Pd (Fig. 1.1.9). Thus the MSZ comprises two main subzones - a lower PGE
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Fig. 1.1.8 Sulphide distibutions {based on Ni = Cu assavs; sofid black) in the P1 pyroxenite loyer in four subchambers of the Greo:
Dvke. The orthopyroxenite (open) and websierite (stippled) lavers are indicated, gs are the Main Sulphide Zone (MS7}
and Lower Sulphide Zone (LSZ). Note the difference in sulphide distribution between the axis and west margin of the
Darwendale Subchamber.
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subzone rich in Pt, Pd and other precious metals and an upper base metal (BM) subzone with a very low PGE content - and
the lower PGE subzone itself consists of two main portions (upper and lower) defined on the basis of hoth Cu, Ni and Pd,
Pt contents. Within the PGE subzone as a whole, and within both the upper and lower portions, bulk base- and precious
metals contents increase upwards, whereas Pd/Pt ratios and Pd + Pt conlents per unit sulphide {as bulk Cu + Ni content)
increase downwards, so the highest metal contents and the lowest Pd/Pt ratios and Pd + Pt contents per unit sulphide ocour
at the top of the PGE subzone.

The thicknesses of the MS7, and its component subzones vary significantly in different areas. In the Wedza and Sehukwe
Subchambers and towards the west margin of the Darwendale Subcharmber, the MSZ 1s 2-3 m thick, the PGE subzone bomg
about 1.5 m thick with well-defined upper and Jower portions. Elsewhere, especially in and near the axis of the Darwendale
and Musengezi Subchambers, the MSZ comprises very Jow grade raineralization distributed through a ToRCh greater
thickness (up to 20 m m some cases).

In: the parrower. higher grade parts of the MSZ., sulphide minieralizanon {pvrrhotite, chalcopyriie, pentiandiie and mnor
pyrite) varies from fincly-disseminated grams (o almost net-textured concenirations.  The MSZ is affecied by varving
degrees of late magmatic-hydromagmatic alteration with primary textures often partially to completely replaced by an
intergrown assemblage of suiphide, vdrosilicaic{tremolite, tale), magnetite, bintite, cblorite, quartz, carbonate and chromian
spinel, together with remnartt pyroxenc and plagioclase. Alteration is generally correlated with sulphide and tapped liguid
sinandances and is inense near the margins but insigpificant in the axis where cumulus textures are oftent well preserved.

The PGE mostly ocour as discrete phases (Coghill and Wilson, 1993 Evans and Buchanan, 1997 Johan er al,, 198%;
Prendergast, 1990) the most important platinum-group mmerals (PGM) being high tsmperature species such as braggite
([Pt.Pd]S), cooperite (PtS), laurite (RuS,) and low temperature species such as moncheite (PtTe, 3, merenskyite (FdTe, ),
maslovite (PtBiTe), michenerite (PdBiTe), kotulskite (PdIe), polaritc (PdBi), sperrylite (PtAs:} and holiingworthite
(RhAsS). The PGM are intimately associated with sulphides at or near their contacts with silicates. A amall amount of Pd
resides as a solid solution in pentlandite.

From the margins ©ewards the axis, totel sulphide contents in the MSZ decrease and there is 4 strong decrease in Cu/Ni and
PA/Pt ratios and an increase in Pd + Pt contents per unit sulphide. The trapsverse variations in MSZ metal contents are
pronounced in the wide Darwendale Subchamber but relatively slight in the narrow Wedza Subchamber.

Satellite intrusions

Satellite intrusions associated with the Great Dyke are an important part of the magmatic episede (Fig. 1.1.1). Broadly,
these are subdivided into two groups called the Southern and Outer Satellite Dykes.

The Southern Satsllite Dvkes (also calted the Main Satellite Dykes) outcrop over a total distance of 80 km immediately
south of the Wedza Subchamber. Thev comprise a series of elongate and aligned mafic bodies between 150-600 m wide.
The dominant rock-types of these dvkes are norite and gabbronorite together with layers of websterite (some olivine-
bearing) and feldspathic harzburgite. In texture and composition many of these rock-tvpes are sitpilar to those occurting
in the Border Group of the Great Dyvke. Layering, where it ocours, 15 also subvertical and paralie! to the dvke margms. One
group of dgkes has been dated at 2545120 Ma (Robertson and van Breemen, 1970) and is therefore strongly indicated 1c
be part of the Great Dyke magmatic event. The largest of these dykes is postulated to be a feeder to, or a root zone of, &
higher suhchamber of the Great Dyke, now entirely eroded.

The Outer Satellite Dykes, associated with the extensive fracture system lyving parallel to the Great Dyke, comprise the
extensive Umvimeela Dvke (see Fig. 1.1.1) sitwated 1-18 km west of the Greal Dyke, and the Bast Dyke, 10-24 fan to the
east. Space shutile imagery and acromagnetic surveys show that the East Dyke is virtually continuons along the entire length
of the Great Dyke. Both dykes extend 80 km south of the termination of the Wedza Subchamber and intrude the northern
marginal zone of the Limpopo Province. The Umvimeela and East Dykes are simiiar in bulk composition and mineralogy
and are essentially quartz gabbros and gabbronorites with sabophitic tc intersertal texturcs. Pyroxene and plagioclase are
strongly zoned and generally simitar in composition to those of the Border Group of the Great Dyke. There is strong
evidence for local wall-rock contamination.

Xenoliths

Inclusions of country rocks are found in many parts of the Great Dyke. Xenoliths of greenstone Dbelt lithelogies (diorite,
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magnetite gabbro, serpentinite, quartzie and banded iron formation), ranging in size from several metres to many bundreds
of metres, are especially common ia the upper part of the Mafic Sequence in the Darwendale Subchamber. Extensive
recrystallization and partial melting of the mafic xenoliths have resilied in the formation of coarse-grained pegmatitic quartz
gabbro. Ulramafic inclusions are essentially unmodified and oross-bedded quartzite and pebble-bearing arkoses have
clearly resisted recrystallization. Some banded iron formation shows exlensive recrystallization of magnetite to grumerite

Smail granite xenoliths arc also observed in the marginal zones of the Darwendaie Subchamber.

In the Selulowe Subcharmber, both the Ultramafic and Mafic Sequer.ces contain many hundreds of autoliths from the Border
Group as well as xenoliths (including large chromutite bodies) from the adjacent Shuragwi Greenstone Belt.

Mineral compositions

Variations in mincral chemisiry reported from many different zections of the Great Dyke (Coghill and Wilson, 1593,
Drepdergast and Keays, 1989; Prendergast. 1991; Wilson, 1682, 1992 Wilson and Prendergast, 1983) are all consistent
with fractionation of a relatively silica-rich tholeiic magma. Mincral comnosition trends are most compreliensively
documented in the Darwendale Subchamber {e.g. g 114}

In chromiles in chromitite layers, Mg and Cr,C, contents and Cr/Fe ratios increase upwards from chromitite C13 1 C10
and then decrease upwards from chromaitite C9 to C'le. Olivine compositions in the middle portions of the Dunite
Suceession show normal fractionation trends within individual evelic units. Major reversals are coincident with. or lie
immediately above, the basal chromitite laver, and are associated with very magnesian olivines (Fog). Olivine in Caclic
Unit 1 is more evolved and also shows a regular upward Fe errichinent trend from Fog, to Fog,. Orthopyroxene compositions
display a steady upward Fe-carichment through the Pyroxenite Succession. The most magunesian pyroxenc is tn,,. Near
the top of the orthopyroxenite of the P1 layer, {he composition 1s Eng,. A very clear feature of the pyroxeng chemistry 1s a
progressive reversal to more magie sian compositions towards the tops of the pyroxenite lavers. Orthopyroxens
compositions in Cyclic Unit 14 near ‘he base of the Ultramafic Sequence are comparabie {0 those in Cyelic Units 2 and 2
at rmuch higher stratigraphic levels and display a reversed fractionation trend. In the websterite unit of the P1 layer, the rate
of Fe-ensichment increases sharply and this trend persists into the overlying mafic rocks, Treads of chnopyroxene
compositions are similar io those of orthopyroxene where the two pyroxenes co-exist in the websterite and gabbroic rocks.
One major reversal in orthopyroxene compositions takes place in the Middle Mafic Succession, but the normal trend s
resumed in the Upper Mafic Succession.

The chemistry of fine-grained chromites enclosed by olivine and pyroxene between the main chromitite lavers provides
strong evidence for varying degrees of down-temperature subsolidus re-equilibration between the chromites and the silicate
minerals, and, in poikilitic harzburgite. reaction between chromites and trapped liquid (Wilson, 19823, The principal
process is the diffosion of Fe? into chromite, thus decreasing the Cr/te ratio, and the migration of Mg inte olivine.

Initial liguid composktion

The early crystallization of high-Mg orthopyroxenes following extensive olivine crystallization indicates that the Great Dyke
magma had relatively-high 10, and MgC comntents. The compositions of the most magnesian olivine and curmuius
orthopyrexene are Fog,, and Eng, . respectively. A further mdicazion of the ultramafic nature of the Great Dyke magma is
the high Cr,O, contents of orthopyroxene (up to 0,7 1%},

The initial ¥Sr/*Sr ratic of 0,70261 =4, and the essentially-constant initial Sr values of minerals and whole rocks from many
different paris of the Great Dyke (Hamilton, 1977}, rule out exzensive contamination of the magma by felsic gontinental
crust. The high silica content of the parental magma therefore reflects its source in siiica-enriched subcontinentsl
lithospheric mantle. :

The composition of a chilled margin of a dyke considered to be an offshoot of the East Dyke (Wilson, 1982 with about [6%
MgO and 53% $i0, is in good agreement with obaerved mineral compositions and modelling using ths compositicn is
consistent with the observed crystallization sequence (see belovs). This composition (Table 1.1.2} 1s therefore regarded
as the parenial magma composttion of the Great Dyke,



Table 1.1.2. Composition of the East Dyke chill phase

Wilsoxn, 1981 ' Prendergast
and Heays, 1989
S$10.(%6) 52,77 52.07
ALQ, 11,04 10,69
Fe,Ch 1,23
FeQ 8.20 10,77
MnO 0,14 To0a7
MgQ 15,66 14,61
Cal 7,60 7.25
g Na,0 1,77 1,54
K0 0,69 0,74
i Ti0, 0,55 0,51
. P04 0,11 0,07
o Cr,0, 0,29 0,34
- NiO 0,06 0,06
C Pt(ppb) 0,64
- Pd : 4,20
- Au 0,08
I 022
: Us 0,14
Ru 0,92
Co(ppm) £3
s Co 70
S 341
i}:
¥
N 8a



Petrogenesis

The macrocvelic layering of the Ultramafic Sequence and the cousistent compositional reversals at the bases of the cvelic
umits are readily explained by repeated injections of parental magma mio the chamber and by mixing between parcntal and
evolved resident magmas. Mineral compositional trends and the major lithological sequence refiect the gradually-evolving
Hquid composition throughout the crystallization history (Wilson, 1982). The amount of mixing between parental and
resident magmas would have depended on the fluid dynamics of the system and the relative densities and viscosities of the
two magmas. The contrast botween the sharp reversals in the dunites and the much more gradual reversals i the
nyroxenites suggests that mixing dynamics differed in the Dunite and Pyroxenite Successions {Wilson, 1582),

The greater rate of compositional change shown by pyroxenes from the top of the P1 laver upwards indicates o marked
decrease in the frequency of magma influx and there is no evidence of any new magme injection i the Lower Mafic
Succession (Fig. 1.1.4) A further influx gave rise to the reversal in the Middie Mafic Succession. The first appearance
of plagioclase and the formation of the entire Malic Sequence by jection of more differentiated iagma cannot be ruted
out {Witson, 19967, This in itself would not have affected the raze of differentiation within the chamber.

The prominent reversals evident in both rock-types and mineral compositions at the base of the Ulramafic Sequence is &
common feature of large lavered intrusions (*basal reversal”) and probably relates o the mode of initial emplacement of
hot primitive magma into the cool juvenile chatmber.

The order of crystallization deduced from cumulus assemblages is chromite-olivine-crthopyroxene-clinopyroxenc-
plagicelase-pigeonite-magnetite. (he same as in the microphenocryst and groundmass assemblage of the Fast Dyvke chiil
phase ( see above). The arrival of each new carmnulus mineral on the phase boundary is heralded by the prior appearance
of the mineral as an abundam postcurmulus phase {e.g. orthopvroxene in poikilitic harzburgite bencath orthopyroxenite,
clinopyroxene in orthopyroxenite beneath websterite. and plagioclase in the P1 layer beneath gabbro).

The differences in ultramafic stratigraphy between each chamber and subchamber and the striking stratigraphic sipulanty
throughout the Great Dyke from the level of Cyclic Unit 1 upwards suggest that either the barriers separating the
compariments were eventually breached as more magma was mmjected, or the Great Dvke magima chamber system was
compartmentalized at lower levels but physically inked at higher levels.

The preserved thickness of the Mafic Sequence is very small compared with that of the Ultramafic Sequence. Modelimg
of the fractionation frends combined with mass balance considerations indicates that either the magma chamber was
effectively an open system during the formation of the Ultramafic Sequence, or there existed a large sill-like lateral extension
accommodating the upper Ultramafic Sequence and most of the Mafic Sequence, now entirely eroded eway (Podmore and

Wilson, 1987}, :

Origin of the PGE minerakization

The stratigraphic association of the MSZ and LSZ with pyroxenites af the top of the Ultramafic Sequence and the oceurrence
of the mineralized zones within (and not at the base of) major evclic uaits contrast with the association of important PGE-
rich sulphide zones in several other lavered infrusions with later mafic rocks and with major magma replenishment and
mixing events. Sulphur saturation and the precipitation of PGE-rich sulphides within the P1 iayer was the result of
progressive cooling and fractionation, and of progressive enrichment of the magma in incompatible elements including S.
(Orther important factors mcluded a minor replenishment between the LSZ and the MSZ, periodic overturns of the stratified
mapma column (giving rise to the modally- and cryptically-layered naturc of both mineralized zones), and possibly, in the
case of the MSZ, mixing between the resident magma and an evolved magma derived from higher levels of the magma
chamber. The order of metal enrichment in the sulphides (Ir-Pd-Pt-Au, Cu, Ni) is attributed (o the different apparent
partition coefficients of the metals into sulphide and is consistent with fractional segregation of sulphide at the floar of the
magma chamber and the extraction of PGE, Au and bzse metals from the overlying convecting magma i the order of their
apparent partition cocfficients. i :

The mineralogy and textures of altered MSZ is a function of the complex, multisiage postounulus development of the
mineralized zone involving (1) cooling of silicates and PGE-enriched sulphudes, (2) the extreme evolution of the trapped
liguid and its subsequent interaction with the suiphides leading to the production of smali amounts of a highly-reactive thud
phase, and (3) the release of metals from the sulphide and their incorporation into new phases. ( Coghill and Wilson, 1993;
Prendergast, 1990).



Thus, the origin of the MSZ and L8 is readily cxplained by pnmary magmatic processes (Naldrett and Wilson, 1950,
Prendergast and Keays, 1989; Wilson et a/., 1989 Wilson and Tredowx, 1990). There is no evidence for the invelvement
of large volumes of hydromagmatic ftuids which, in any event, could not account for the exceptional regularity of the metal
distributien profiles over large areas.

Lateral variations

Significant lateral variations ocour across the layered structure. These are considered (o be related to the transverse shape
and narrow width of the magma chamber, the effect that this had on heat flow and therefore on erystatlization provesses,
and to the replenishment process {Prendervgast, 1991 Wilson and Prendergast, 1989 As aresult of the upward-flaring
structure. the most marked transverse variations oceur in Cyelie Umit 1 which lay closest to both the fioor and sidewalis and
16 the rouf of the intrusion. Besides major heat loss tirough the roof, significant heat would also have beeu losl laterally
rcugh the floor/walls. Thus, there was & sirong lemperature gradient {rom the hot axial enviromrnent underlain by thick
hot cumuletes and 2 deep feeder dvke outward io the cool marginal environment close o the foer and walls This would
have had a profound effect op erystallization processes and magina evolution.

1t is likelv that compositional and thermal stratification in the magine column was also Important i developing the
discordant lavering relationships chserved towards the margims (Prendergast, 1991).




