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PREFACE

Welcome to the Pre-Symposium Excursion to the Great Dyke of Zimbabwe sponsored and organized by the Geological
Society of Zimbabwe as part, and on behalf. of the 8th International Platinum Symposium, Rustenburg, South Africa.
28th Junc to 3rd July, 1998,

The Great Dvke is onc of several major malic layered intrusions world-wide, including the Bushveld Complex. all
broadlv similar in structure. stratigraphy and petrology, that were emplaced into stable cratonic arcas i the laie
Archacan 1o carlv Proterozoic. The geology of the Great D\k@ provides imy wommt llustrations of many fundaniental
features of the emplacement and ervstalhization of mafic lavered intrusions. By virtue of its unusual, narvow. elongate
structure, it also displavs. 1o better effect than 1 many other lavered imtrusions, the variations that can davelon across
magmns chambers 1n responsce to a stong lateral heat gradient. The Great Dvke 15 also host e several world-class
mineral deposits including high-grade chromite, platinum-group element (PG )-nch sulphides, and mckel lateries
The chromite deposits have been mined contmuously for 80 vears. and. after several {alse starts smce the 1920s, Jarpe-
scale platinum muung has recently commenced and s expecled to expand significantdy i he near future.. For thew
part, the mckel laterites sulil awart substantive exploration and evaluation

This is onlv the second major mnternational excursion atong the Great Dvke in it Jong history of raining development
and geological v usugauon The first. also organized by the Geoiogical Society of Zitnbabwe was a 5-day event held
in August, 1987, as part of IGCP Project 161 s 5th Magmate Sulplndes Field Conterence. At that time. no platinam
mines were it operation and no underground visits were possible.

The object of the 1998 excursion 1s (o provide delegates with an overview of the geology and mineralization of the Great
Dvke with speaial reference o current platinum resource development. Besides touring areas of tie northern part of
the Danvendale Subchamber and the central part of the Wedza Subcharuber that demonstrate the major laycnng and
transverse vanations of the Great Dvke, delegates will also visit Hartiev and Mimosa Platinum Mines to view not only
underground exposures of the PGE-rich Main Sulphide Zone and its host rocks, but also the different mmm" technigues
emploved at the two mines. and, at Hartley Platinum, the metallirgical processing plant. Again al Hartlev, delegates
will attend presentations on exploration and evajuation of the Mhondoro and Ngezi Platinum Projects

This guidebook is designed as both a descriptive guide to the excursion programme and 2 summary of current geological
ideas and mineral resource development. A large literature on the Great Dyke has accumulated since the first paper
written in 1913, and so included with this guidebook 1s a comprehensive up-to-date bibliography.  Because overseas
participants will no doubt be mterested in the wider geological, geographical and economic aspects of Zimbabwe, g
travel log has been integrated with the excursion guide.

Our industrial sponsors {listed below) are thanked, variously, for their generous financial assistanice o the organization
of the excursion and the preparation of the guidebook, and for welcoming the excursion to their mining operations.
I’mxpeetmg Ventures Limited provided the support vehicle. MDP is grateful to all the authors and others who have
assisted 1n one wayv or another with the production of the guidebook, mdudmg Dr 11 Gewald and Mr C. Murahwi
(Anglo American}, Mr I, Butcher (Zimasco) and Mr H. Wilhelmij (Delta Gold) for their contributions to the section
on Mineral Resowrces and Mining Development. and Mrs R Mot of Prestige Business Services for word processing.

Tables 1.2.1 and 1.2.3 and Tables X1 and X2 are reproduced by permission of The Institution of Miming and
Metallurgy and Argosy Publications, respectively. Figares 1.1.1, 1.1.6 fmd 1.1.8. I 1gmm 112,113,119, 1.24. X8
and X9, Figures 5.1 to 5.8, and Figures X4. ‘<6 K10 and X12 to X153 are reproduced by permission of Elsevier. The

Institution of Mining and Metallurgy, the Cambridge University Press dnd Argosy Publications, respectively.

Allan Wilson, University of Natal
Martin Prendergast, Independent Exploraton Consultant
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1.1 THE GREAT DYKE - GEOLOGICAL SUMMARY
A.H. Wilson
Introduction

The Great Dyke (Fig. 1.1.1) is & narrow, linear NNI-trending body of mafic and ultramafic rocks 550 ki in length and
between 4 km and 11 l\m wide. Together with a suite of satellife dvkes, ﬁ}c Cmat Divke was intruded ahout 2460 hia
(Hamilton, 1977: see Bibliographv of the Great Dvke for all references in the text) mto a set of parallel fractures cutting the
granitoids and greenstone belts of the Archacan Zimbabwe Craton and the granuiites of the Archacan Limpopo Province
to the south. The northern extremity was delormed by the Pan Asrican orogeny (Zambez Provinee) at 500 Ma

The lower ultramalic rocks of the Grear Dvke are very well lavered and are overiamn i several areas by erosional reninants
of the upper gabbroic rocks. The latier mark the centres of up o five discrete subchambers or compartments of the Great
I3vke magma chamber system each with an clongate boai-like or doublv-plunging syncimal struciure.

Yy
/

The first extensive mappmg of the Great Dvke was carried oul in the 19305 resulting i the first comprehensive accounis
of the entire body (Worst, 1933, 19607, fhz\' was followed in the 19605 by detatied studies of the upper chromitite layers
and the Main Sulphide Zone (MSZ1 in the Darwendale Sebchamber /Bichan, 1969, 1970 and m the HN < and 1980x by
major investigations of the mineralogical associations. textures, petrology and structure of the Darwendale Subchamber
(Wilson, 1982, 1992). Revived industrial mierest in the MSZ led in the 1980s and 1990s (o further <1~tzv1«‘~l studi
MSZ in the Wedza Subchamber (Prendergast, 1988a, 1995, 1991 Prendergas: and keays, 195891 in the Darven
Subchamber (Wilson and Naldrett, 1989 Naldrett and Wilson, 1989, 1990, Wilson er ¢f.. 1989; \R tzon and Tredou,
19907, and 1n the Selukwe Subchamber (Coghill and Wilson, 19933

Tectonic setting

To explain the co-Imear fracture pattern which contrelled the emplacement of the Great Dvke and its s‘a‘”liitcc a purc shear
maodel with intrusion of magma during a period of crustal extension has been suggested (Wilson, 1987). T this model, the
sequence of events relating to the emplacement of the Great Dyke are as follows (Fig. 1.1.2).

Stages I and 2. A north-northwest-directed maximum compressive stress, caused by overthrusting of the north marginal
zone of the Limpopo Provinee onto the southern part of the Zimbabswe Craion, induced the major Popoteke fracture svstem,
together with the conjugate Mchingwe fault set. Sinistral strike-slip movement occurred along the faults.

Srage 3. Extension occurred along these faulis by rotation of the maximum compressive stress {(from north-northwest to
north-northeast) with subsequent emplacement of Great Dvke magma, periodically and over an extended period. mio tiw
dilated fracture system as a series of linked magma chamber compartments. At the same lime, quartz gabbros were
emplaced as flanking satellite dvikes that extend almost the entire length of the Great Dyke (East and Umvimeela Dvkes).

Stage 4. Subsequent rotation of the maximum compressive stress back (o the north-northwest direction caused dexiral
movement along the Mchingwe fault set together with further dyke emplacement on the north-northwest fraciure patter
(Bubt and Crystal Springs Swarms; Robertson and van Breemen, 1970).

Stratigraphic subdivisions and cyclic units

The stratigraphy of the Great Dvke 1s formally subdivided into a lower Ultramafic Sequence and an upper Mafic Sequence
(Wilson, 1982} (:ig.1.1.3). The upper part of the Ultramafic Sequence comprises well-developed cyclic units each made
up of a lower dunite or harzburgite laver and ain upper pyroxentte layer. Cyclic units 1 the lower part commence with a
thin basal tayer of clromutite followed by a thick dunite laver: pyroxemtes are absent.  On this basis, the Ultramafic
Sequence can be further subdivided into an upper Pyroxenite Succession and « lower Dunite Succession (Wilson and
Prendergast. 1939), each made up of readily-definable cyclic unts.

Although smaller layering units exist m all the major cvelic wnits, they can be readily defined only in the well-exposed Cychic
Unit 1 at the top of the Ultramafic Sequence. Cyclic Unit 1 has been formally subdivided on the basis ol changes in
lithology and the presence of several chromitite lavers. By local convention, a ‘P’ notation 15 used in numbering the
pyroxenite layers so that the pvroxenite in Cyclic Unit 1, for example, is the P1 pyroxenite (or P1 layer) (g, 1.1.4).
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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 unaltered dunites are encountered in unfractured areas at depths of about
300 m

Chambers and subchambers

A significant feature of the Great Dyvke 1s the Jongitudinal vartaticn i the Qtra[ifzraphy of the Ultramafic Scquence aud the
distribution of remmants of the Mafic Sequence (Tig. 1.1.5). On the basis of these variations, and of the existence of a mjor
break at Lalapanzi (Prendergast. 1987, the Great Dyke 1s now subdivided into two major chambers and ive subchambers
with a further possible chamber at the extreme norih end (Table 1.1 10 Wilson and Prendergast, 19891

In the North Chamber. the Ultramatic Scquence 1s characterizad by refatively few, thick evelic umts (100t tuck on
average) with well-developed pryroxenite lavers I contrast, the Seuth Chamber has 4 greater number of thinner cvehie nnt

(16-30 m thicky with olivine pyroxenites predominating ever pyroxenites i the upper parts of the umits, The ¢ ,‘ln'zm‘.af}b
Sequence 15 ofien well exposed and the lavering 12 well displaved on surface by the different outerop expressions of the morg
resistant prroxentezs and oltvine pyroxenites and the Jess resistant serpenunites. I the South Chamber. there 13 no
mdication of a lower Dunite Successton on surfuce although thick itervals of fresh damic were mu..\ww 1 a boreliole
below a depth of . Uniike the different development of the lower ultramalic umis m ”'«’s*h of the {ive subchambers,
the stratigraphy of Cvelic Umit | and the overlving Mafic Sequencc 1s very similar throughout the lengtiy of the Great Dvke.

’w’)/\

Structure of the magma chambers

The structure and shape of the Great Dvke and its magma charabers have becn detenmned from gravite ivestigaiions
(Podmore, 1970; Podmore, 1982: Fig. 1 1.6) Each \uochinnb/‘% is essenually Y- or trumpet-shay mLJ 1th pentd mx\‘nJ-
dipping margins steepening at depth. A major deep structure is snferred ainnL almost the entire length of the ( cat Divke
but is absent where the North and South Chambers abut at Lalupanzi. This deep structure is interpreted as a contimuous

feeder dvke through which magma was cmplaced mto the developing magma chambers.

Some graviwy profiles indicate local asvimetry and ulting of the structure: this is supported 1 several areas by the
asymmetrical distbution of lavering across the Great Dvke. Some models also require the existence of deep-sealed magma
chambers or deep extensions of the main chambers. The gravity profiles also suggest that the size of the magma chamber
varies along the length of the Great Dvke. In particular, “the North Chamber is significantly broader and deeper than the
South Chamber, and a progressive merease in chamber volume is evident from the Wedza Subchamber northwards,

Tranpsverse structure of the lavered sequence

A vanably-developed Border Group is present in many places along the margins of the Great Dvke and at several different
stratigraphic and structural Jevels of the Ultramalic 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-grained massive zone 10 a steeplyv-dipping.
complexiv-lavered package of diverse rock types. Acicular cumulas pyroxenes aligned perpendicular to the wall rocks are
common.

The ransverse shape of the lavered sequence 1s synclinal, the layers lving fat in the axis, steepening towards the margins
and then flattening again 1n the upper, broader part of the suucture (Fig. 1.1.7, Wilson and Prendergast, 19893 The
transverse lavered geometry is largely primary with minor accentuaton due to later downwarping  the axial zone.

In the Ultramalic Sequence, all layers which can be raced from the margin to the axis and those for which deep dritling data
are avatlable become progressively thinner. more fine-gramed and ncher in postcumulus phases towards the margins.

As it approaches the margin, cach layer becomes asymptotic to the walls of the magma chamber and gradually merges with
the Border Group (Fig. 1.1.7). Thus, the Border Group is essentiallv a steeplv-dipping lavered zone. or extreme marginal
facics, in which each laver successively dies out against the charuber walls,

[y
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Tabie 1.1.1. Main subdivigions of the Great Dyke magma chamber system

Chamber South North Mvuradona
Subchamber Wedza Selukwe Sebakwe  Darwendale Musengezi -
Length (kam) 80 96 120 210 - -
Thickness (m} 1900 1800 3550 3350 2450 -
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Fig. 1.1.6 Bouguer gravity anomaly profiles for six traverses across the Great Dvke. Locations of traverses are shown in Figure
111 Transverse sectional models consistent with surface geology provide best fits with the graviny dara. Sample stations
are indicated by dots on the anomaly profile and residuals 10 the model fit are shovwn on a seale of =70 to -10 gu Rock
densities are given i kg m3. Each traverse provides important information on the structure of the Grear Dvke. taj Tipical
section of the Sowth Chamber. (b) Southern extremity of the Sebakwe Subchamber showig a thin lavered sequence and
the lack of a deep voor zone. (c). (d) Deep structures of the North Chamber indicating a feeder dvke. (e Tilted structure
of the layered sequence consistent with field observations. (f) Various fits all showing the presence of deep-seaied magma
chambers beneath the lavered sequence in the northern parvt of the Darwendale Subchamber.
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Fig 1.1.7 Transverse section of the layered sequence of the Grear Dvke in the Darwendale Subchamber based on borehole
intersections. and field and gravity data. Note the small angular decrease and progressive thinning of the layers towards
the margin, and the off-lapping relationship of the lavers to the wall rocks.
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The Ultramafic Sequence
Cyclic units

The stratigraphy of the Ultramafic Sequence m the Darwendale Subchamber s shown i Figure 1 1.4 Theadeal evehic unit
encountered in the Ultramafic Sequence of the Great Dvke comprises g Unn basal chromiute overlan by a thiek dumie fave
which grades upwards through harzburgite and olivine pyroxenite into a pyroxenite which marks the top of the unit. 'i‘hc
ideal cvelic unit 1s not alwavs complete.

Chromitite

The development of chromitite lavers may be related to the size of the subchamber. with the thickest mast economicallv-

viable and best-known lavers oceurming the Dirwendale and Sebakwe Subchambers. Eleven main chromitite tavers (Fips

1.4 & 115 have been 1Jcnulwd in ihe Ly

Prendergast and Wilson. 1989 Wilson. 1982 Wi l\on 'md Prendes

varigblv-continuous, minor chromitite ] ners whose relationshp 1o
{

chromitites were formerly identficd firom the top down by seam numbers dernved from mining practice teog, Noo | oscan,

&

¢ Sequence of the Darwendale Subchamber (Prendergast. 1987
rpast, L 9R9 Waorst, 1960, 1964, together with many thin
man: evehie units 18 not clear. Although the

No. 2 seam, etc. . each iz now numbered geologics )U from the l()x‘ (JU\\I\ using a “C’ notation, uC‘L(‘IdHIL’ 1o the CVel Lo oum
£ 2 ga
m which 1t occurs

group chromuiites (Cle, Cld, and C2a) of the upper Pyroxenite Succession, and the high grade fower group chronuties (C3-
C12) of the lower Pyroxenite and Dunite Successions

The mamn chromitite lavers are divided, largely on a chenucal basis, islo two main strauigraphic groups: the Jow grade upper

Along the axis, chromitites C5 to C12 average 10-15 cm in thickness and are generally massive, comprising a dense
linearly-interlocking, monomineraiic mosaic of chromite grains averaging 0.5-10 mum. Primary interstitial P hases are rave.
The lower contacts are generally sharp. Anupward decrease of both modal chromute abundance and gran size 15 observed
towards the upper contact which 1s commoniv gradational and often finelv lavered over several centimetres (or up 1o 150
em above chromitite C6). Posteumulus fine- grained nodular textures are rare.

Towards the margins, the chromitites become finer grained and at least one (C7 north of Darwendale) gradu 1\ changes
from a massive chromitite in the axis to a disseminated olivine chromitite nearer the margin. o sir ()ngl ssciminated
olivine chromitites, the chromites form clusters of polygonal grains concentrated at olivine triple junctions. Jxansverse
variations in chromite compositions 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 C3 distnguish it from the other lower group chromitites C6 to C12: (1) a relatively-coarse
gram-size, (2) a thick P6 pyroxenite footwall, (3) ap olivine — orthopyroxenc reaction zone in the hanging wall increasing
to 100 em thick near the margins, and (4) a 2-10 cm-thick poikilitic harzburgite laver with fine-gramed chromite between
the chromitite and the pyroxenite footwall. In one piace near the margin. chromitite C6 is broken up into smali jenses,
locallv upright or {olded. probably due to gravitational instabilitv in the steep marginal zone,

Unlike the lower group chromitites, the upper group chromitites Cle and Cld can be readily correlaied at the same
stratigraphic level m all five subchambers. Throughout the Great Dyke, these two chromitifes are significantly thicker. more
complexly lavered and more dissenunated than the lower group chiromitites of the Darwendale Subchamber. Postcumulus
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 comunonest in the narrower portions of the Great Dyvke and towards the
margins of the wider portions. Margimnal facies of the chromitites within & few hundred metres of the wall rocks comprise
a mass of fine-grained chromite poskilitically enclosed by large orthopyroxene crystals,

Significant longitudinal and transverse variations in internal stratigraphy, ohvinc/chromite modal ratio. and chromite
compositions are a feature of chromittes Cle and Cid. These chromitites vary from a single chromute-rich Javer 1o composite
layers of two or more chromite-rich lavers separated by harzbwrgite. Each layer may grade laterally from massive chromitite
to strongly-disseminated ohivine chromitite. the Jower layers and the lower portions of each layer tending to be the most
massive. Single lavers vary in thickness from S em to 100 cm. In composite zones, the combined thickness of massive and
disseminated chronutite layers, together with the mntervening harvburgite(sy, may reach several metres. Chromitte Cld is
the most variable of all the Great Dyke chromitites and unique among the upper group chromitites in several features that



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

All the Great Dyvke chromitites have been afiected (o varving degrees by sccondary processes that operated after
consolidation (Prendergast and Wilson, 1989 Thesc include s ‘w h x.msuic.mcc along the axis and consequent transverse
thrusting aloag the chromutite planes pear the margms, serpentinization. and ground water percolation i hilly terrain leading
10 precipitation of secondary mincrals. These processes n large part account for the sirong transverse variations in bulk
composttion and physical quality (e.p. fmabilityy and in thickness and wali rock conditions observed between the margms
and the axis of the chromitite lmus n the Mutorashanga area. In 1y non-sheared state away from the margins, chromitiie
C3 s essenually s prisune form with physical properties tvpical of the massive chromitites enclosed by dunite below the
serpentinized zone. Its Jow friabiliy 15 probabidy caused (1) by an mm » and intergranular adhesion and (23 by the enclosing
footwall prroxenite and hanging wall (J]I\IHC’"”)ﬂhUp\ -oxene reacion zone which together protected the chromtite fram
the effects of serpentinization of the overlving dunite.

Dunite and poikilitic harzburgiie

The dunite comprises mieriocking olivine gramns with typical planar houndanes and wiple-point jmmimw' Fiuc-gramed
chromite is an ubiquitous primary mmeral (1-4% by volume) and is generallv concenirated at olivine grain

triple-pomt junciions.  The olivine grams typicalhy show sirzin o dislocation Gvinning related o the wiple-poins
interscctions, This may be e\plmmd by grain-coarsening or annealing processes. Small-scale lavering within cvelic unns
can ofien be defined by variatons i gran-size and olivine/chiromite modal ratie. Towards the margins. there iz a reduction
in @rain-size and an icrease in the propovtions of interstitial pyroxene and plagioclase. In all subchambers, dunite lavers

T Ovam midi gins or at
o

(83

in the axis appear Lo grade inte harburgite towards the margins.

Poikilitic harzburgite 1s distinguished 1o the field by the presence of large (1-3 cm in diameter). opncah\ CONURIOUS
orthopyroxene crystais with weathering characteristics different 1o those of the surrounding olivine grams, Olivine is
contained within the orthopyroxene but 1s highly corroded and rreguler in form. That the olivine grains were originally
larger and cuhedral is indicated by the mantle of fine-grained chromite cuthimuog the originel olivine grains.

The relative abundance of dunite and poikilitic hzn“/baxrx'*ite i diYerent parts of the Ultramalic Sequence 1s dependeni on
stratigraphic position and the size of the magma chamber. The Darwendale Sumnamhcr has extenstve dunite i the lower
Dunite Succession whereas poikilitic harzburgite 1s an important componen: of the Pyroxenite Succession. In the Ultramafic
Sequence of the smaller Wedza and Selukwe Subchambers, poikilitic harzburgite 1s rore common than dunite, and the
dunites contain more interstitial pyvroxene that these in the Darwendale Subchamber.

Granular harzburgite and olivine pyroxenite

Granular harzburgite marks the textural transition from poikil:tic harzburgite to olivine orthopyroxenitc in which the
pyroxene becomes granular and no longer encloses olivine. Olivine occurs as diserete grains. With increasing proporiion
of orthopyroxene, the rock-type grades into olivine pvrovenitc As the proportion of olivine decreases, 1ts textural form
changes from discrete grains to highly-irregular crystals interstit Io and partly enclosing rounded orthepyroxene crvstals
This texture contrasts with that of the poikiliue harzburgites where rounded olivine crystals are entirelv enclosed by
orthopyroxene. In the smaller subchambers, olivine pyrovenite ;mdominateq over p\'ro\'cnite Posteurnulus plagtociase
and interstitial phlogopite become important minor constituents of harzburgite in Cyelic Unit 1 of the Selukwe and Wedza
Subchambers and near the margin of the Darwendale Subchamber,

Pyroxenite

Pyroxentte 1s the dommant rock-type in the Pyroxenite Succession where it forms the uppermost rock-tvpe of the cvelie

units. In the Jower ovelic units, it 1s very coarse-gramned with ervstals up to 10 mm long and consists almost entirely of

orthopyroxene. The pyroxene crystals show well-defined glide twins with planes relaled to mick points on the crvstal margin,
Plagioclase and clinopyroxenc are minor components and these comsnonly oceur at the well-developed triple-point junctions
between the minerals. In general, the average grain-size of the pyroxenes in the lower cvelic units is noticeablv de pcndcz
on the size of the magma chamber with the largest grain-size in the Darwendale Subchamber and the smallest in the Wedz:
Subchamber.



The Mafic Sequence

The Mafic Sequence 1s best preserved and achieves its maximum thickness in the Darwendale Subchamber, but the general
characteristics observed there also apply to the other subchambers. The Mafic Sequence 1s subdivided into the Lower.
Middle and Upper Mafic Successions on the basis of mappable textural characteristics (Fig. 1.1.4. Wilson and Wilson.
1981; Wilson and Prendergast. 1989). Further subdivisions are based on chemieal reversals and detatled changes in
1<.\turL The rock-types and thicknesses of the subdivisions in the Danwvendale Subchamber are summarized as follows,

Lower Mafic Succession (approx. 700 m thick). Medium- to cearse-grained gabbro. norite and gabbronorite contanng
primary orthopvroxene. These rocks arc fiee of oliving except [or @ narrow olivine gabbro laver at the hase,

Middle Mafic Succession (approx. 100 m thick)y, Fine- to medivn-gramed gabbro and feldsp me orthopyvroxenies some
of which contain olivine. Many of these latter rock-tvpes are teviurallv similar 1o those of l I pyToNemie

Lpper Mafic Succession (approx. 300 m thicky, Dominantly norites with zro’l-rich orthopyroxene derved by mversion
of pigeontte. Towards the top of the preserved succession, primarny magnetite 1s present.

The base of the Lower Mafie Succession is marked by a thin Javer (1-20 n1) of olivine gabbro. Preferential weathering of
olivine gives nse o a distinctive “pock-marked” wea thered outcre sp. This unitis overlam by a thuck sequence of monotonous
pabbronorites which show an upward-icressing avundance of orthopvroxene and & gradual tansiion from cumulus
orthopyroxene at the base o large opticaliv-continuous posicumulus orthopyroxens at the top. Fine-scade lavermg 1s
common, and, in the lower part, cross-bedding and erosion structures indicate the operation of magma density currents.
Sinular features are seen i tm lower gabbrote rocks of the Wedza and Selukwe Subchambers, A narrow chiromitie layer
also oceurs in places at the very base of the mafic rocks in these subchambers.

The Middle Mafic Succession 1s a complexlyv-layered package of vocks that are more primitive than those of the Lower
Maiic Succession. The basal pvroxenite 15 characterised by extreme clongation of cumulus orthopyvroxene  Other rock-
types include olivine-beating gabbro, and {eldspathic pyroxenites in which the feldspar forms large interstitial and opticaliv-
continuous crystals..

The Upper Mafic Succession 1s characterized by the presence of cumulus pigeonite (with well-developed chinopyroxene
herringbone exsolution) now inverted to large plates of opucallv-continuous orthopvroxene. Magnetite appears as a
cumulus phase, but ron-rich olivine and apatiie-rich rocks. characteristic of the upper portions of many large lavered
intrusions, are absent. Based on mineral composinon trends, approximately 150 m have been eroded from the top of the
Mafic Sequence. Quartz gabbro occurs in the central downfaulted bleck of the Wedza Subchamber but the relativeiy
magnesian pvroxencs contained in this rock-type indicate that 1t formed as a hybrid from extensive roof contamination rather
than from extreme fractionation of mafic magma (Wilson and Prendergast, 1989),

Cyclic Unit 1 and the P1 pyroxenite layer

Cvelic Uit 1 and the P1 pyrexenite laver oceur at the critical point in the crystallization of the Great Dvke where olivine
and orthopyroxene give way to clinopyroxene and plagioclese, and have been investigated in detail because of the economic
importance of the chromitite layers and the PGE -rich suiphide mineralizaton they contain. Cyclic Unit 1 and ¢ partxcumrly)
the P1 laver are the most complete and stratigraphically complex of the entire Great Dvke scquence (Fig. 1.1.4). Both
displav well-developed transverse variations wn stratigraphy and petrology and, unlike the lower ultramafic uniis. both are
found with Iittle significant stratigraphic change in all five subchambers (Wilson and Prendergast, 19891,

Poikilitic harzburgite generally comprises the Jowest silicate lithology of the lower subunits of Cyelic Unit 1. This rock-
type 1s characterized by large (1-5 em) orthopyroxene otkocrvsts. Upwards within cach suburut, there s a progressive
change i modal proportions and textures. interstitial phases increasing at the expense of olivine, and crthopvroxene
oikocrysts becommg more abundant, but decreasing in size. Plagiozlase also begins to form oikocrysts, the adiacent olivine
showing cuhedral crystal faces. Poikilitic harzburgite grades upwards into granular harzburgite as the orthopyroxenc
otkocrysts give way to aggregates of individual orthopvroxene crystals. Imtially, the granular harzburgite occurs as
discontinuous lavers 2-50 cm in length, the granular texture becoming pervasive higher up. Some subunits displav the
normal upward progression from granular harzburgite to olivine orthopvroxenite: others exhibit a reversal (o poikilitic
harzburgite.



In 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 opticallv-continuous crystals.

The orthopyroxenite of the P1 laver 1s the dominant and most comiplex lithology of Cycelic Unit 1, displaying marked changes
m gram-size and texture, modal proportions of curnutus and nterstitial consutuents, and mineral compositions (Prendergast
and Keays. 1989 Wilson, 1992). 1t 1s generally much finer gramed than pyroxenites lower in the sequence. Otkoervsts
of both plagioclase and climopyroxene become common towards the top of the P orthopyroxenite. In places, the plagioclase
oikocrvsts give rise o a charactertstic nodular w c:xmu g feature - termed the ‘potato reel” - comprising nodules up 1o 8
cm in diameter and resulting from differential weathenng of large. spherically-zoned. posteumulus plagioclase env: A
the verv top of the P1 layer 1s a prominent websterite. also with nodular weathering m places.  Intersutial phiogopie
magnelite, K feldspar. quartz. sphene, amphibole. apatte, zircon and sulphude ars ubiquitous minor constituents o the 11
laver as a whole.

Cyelic Umit I m the Darwendale Subchamber 15 drvided mto ssubumits. The four Tower subanits (le-10 are defmed T
basal chromife concentrations and upper orthepyroxene-bearing rocks. Subunit 1h contams the major P11 orthopvroxeiite
at the top. The base of subunit a1s marked by the re-appearance of oliving 1o an olivine pyroxenite laver, the P} websterite
forming the upper part of the subunit. At jeasi three subunits gre distungiished o the P Javer in the Wedza Subchomber

on the basis of pyroxene compositions and mineraiogical and texiurel changes.

Considerable wransverse variation occurs m chiromitite lavers Cle and Cld (see above). Towards the west margis of the
Darwendale Subchamber, the harzburgtes have o higher nroportion of orthopvroxene thau i tie axis, and plagioclase and
clinopyroxene hecome increasiingly impormm interstitial phases. The olivine pyroxernite at the base of subunit ] leases
out towards the margim. The P1layer 1s 220 m thick m the axis of the Darwendale Subchamber but thins o about 130 m
near the west margin. Similarly the websterite 15 33 m thick in the axis but only 7 m ncar the west margm. The same
outward thinning is observed i the Wedza and Selukwe Subchambers where average thicknesses are less. Each of the
subunits of the 1 laver also displavs significant transverse lithological and compositional changes. The size and MgO
content of the cumutus pyroxenes decrease, and the sizes and modal proportions of the postcumulus and interstitial phases
increase towards the margins. These variavons are less marked in the narrow Wedra than i the wide Darwendale

Subchambers

Towards the cast margin of the Wedza Subchamber, websterite appears as a major lithology within the orthopyroxenites,
and gabbro interdigitates with the websterite at the top of the P1 laver (Prendergast, 1991). This gives rise to importan
discordant relationships between phase and modal layering with new phases appearing on the hquidus at progressively
lower levels towards the east margin. Along parts of the east margin of the Wedza Subchamber, the upper levels of the P1
layer, including the orthopyroxenites unmediately 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 ’

In contrast to the very low sulphide content of the pvroxenites of the lower cyclic units, sulphides are an vbiguitous minor
component of the P1 laver (Fig. 1.1.8). Their overall distribution 15 broadlyv corrclated with the proportion of postcurnulus
phases and they are concentrated in several distinet zones. Two such zones are important: (1) the PGE-rich Mam Sulphide
Zone (MSZ) situated at, or a few metres below, the base of the websterite, and (2) the Lower Sulphide Zone (LSZ) iving
about 30-63 m below the websterite laver. Each zone occurs within a separate subunit, The MSZ is economic (or, in
places, potentially econonne) and is discussed further below. The LSZ is normally. much thicker and lower grade than the
MSZ but displays broadly the same vertical metal distributions. Existing knowledge of the L.SZ suggests its cconomic
potential is mostly very mited. The MSZ and 157 are both found in all five subchambers and arc cssentiallv continuous
and regularly developed throughout the preserved Pl laver.

At the top of the websterite and sometimes cncroaching on the ov’crl_\’ing mafic rocks is 2 semi-continuous, uregularhy-
developed 7one of sulphide-bearing pegmatoid up to two metres thick. The sulphides are often coarse grained but d vord
of significant PGE values.

A major and constant charactenistic of the MS7, wherever it oceurs 15 (1) the offset vertical metal distribution profile; and
(2) the bimodal distribution of both Pt and Pd (Fig. 1.1.9). Thus the MbZ comprises two main subzones - a lower PGE
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Fig 1.1.8 Sulphide distributions (based on Ni + Cu assavs, solid black) in the PI pyroxenite laver in four subchambers of the Greai
Dyke. The orthopyroxenite (open) and svebsterite (stippled) lavers are indicaied. as are the Main Sulphide Zone (MSZ)
and Lower Sulphide Zone (LSZ). Note the difference in sulphide distribution between the axis and west margin of the
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subzone rich in Pt, Pd and other precious metals and an upper base metal (BM) subzone with a verv low PGE content - and
the lower PGE subzone itself consists of two main portions (upper and lower) defined on the basis of both Cu, Ni and Pd
Pt contents. Within the PGI subzonc 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 contents per umit sulphide (as bulk Cu + Ni content?
ncrease downwards. so the highest metal contents and the Towest Pd/Pt ratios and Pd + Pt contents per unit sulphide oceun
at the top of the PGE subzone.

The thicknesses of the MS7. and s component subzones varv significantly i different areas. In the Wedza and Selukwe
Subchambers and towards the westmargin of the Darwvendale Subchamber, the MS7 15 2-3 m tinek, the PGE subzone bemg
about 1.5 m thuck with weli-defined upper and lower portions. Elsewhere. especially in and near the axis of the Darvendale
and Musengezi Subchambers, the MSZ comprises very tow grade mneralization distributed through o much greater
thickness (up © 26 m 10 some cases),

In the parrower. higher grade parts of the MSZ. sulphide nmuneralization (pyirhotie. chalcopyrite. pentandite and ninor
prrite) varies from finely-dts

ninaied grams W ahnest nei-textared concentrations. The MSZ 1s affected by varving
degrees of late magmatic-hvdromagmatic ;'11!;‘!‘&1'}(’\:} with primay wextures often partally 1o compl
mtergrown assemblage of suiphide, hvdrosiheaeinemolite, tale). magnetie. biotite, chlorite. quartz, carbonate and chromian
spinel, together with resmnant pyroxenc and plagiociase. Alleration 1s gz heralty correlated with suiphide and trapped hiquid
abundances and is mtense near the margins but insignificant in the axis where cumulus textures are often well preserved.

etelv replaced by an

The PGE mosty occur as discrete phases (Coghill and Wilson, 19931 Evans and Bucheanan. 19910 Johan e o/ 1084
Prendergast, 19907 the most inportani platinum-group mincrals (PGM; being high temperature species such as braggite
([Pt.Pd]S). coopertte (P15, laurite (RuS,) and low temperature species such as mon\,nu"* {PtTe,:, merenskvite (FdTe
maslovite (PtBiTe). michenerite (PdBiTe), kotulskite (PdTe), polamc (PABI), sperrviite (PLA

(RhASS). The PGM are intimately associaled with sulphides at or near their contacts with sili
resides as a solid solution in pentlandite

J.

- and holiingworthite

icates. A small amount of IPd

From the margins wowards the axis, total suiphide contents in the MSZ decrease and there is a strong decrcase m Cu/lNi and
Pd/Pt ratios and an increase in Pd + Pt coutents per unit sulphide. The transverse variations in MS/Z metal contenis are

pronounced in the wide Darwendale Subchamber but refatively slight in the narrow Wedza Subchamber,
Satellite intrusions

Satellite mtrusions associated with the Great Dvke are an important part of the magmatic episode (Fig. 1.1.1}). Broadly,
these are subdivided mto two groups called the Southern and QOuter Satellite Dykes.

The Seuthern Satellite Dykes (also called the Main Satellite Dvkes) outcrop over a total distance of 80 km immediatelv
south of the Wedza Subchamber. They comprise a series of elongate and aligned mafic bodies between 150-600 m wide.

The dominant rock-types of these dvkes are nerite and gabbronorite together with layvers of websterite (some olivine-
bearing) and feldspathic harzburgite. In texture and compositions many of these rock-types are sumilar to those occurmng
in the Border Group of the Great Dyvke. Lavering, where 1t oceurs, 15 also subvertical and parallel to the dvke margins. One
group of dvkes has been dated at 2345£120 Ma (Robertson and van Breemen, 1970) and is therclore stronglv imndicated to
be part of the Great Dyke magmatic event. Tne largest of these dvkes is postulated to be a feeder to. or aroot zone of, a
higher subchamber of the Great Dyke. now entirely eroded.

The Outer Satellite Dyvkes, d\\OlelLu with the extensive fracue system Iving parallel to the Great Dyvke., comprise the
extensive Umvimecela Dvke (sce Fig. 1.1.1) situated 1-18 ki west of the Great Dyvke. and the East Dyvke, JG-24 ki to the
cast. Space shuttle imagery and aeromagnetic swveys show that the East Dyke 1s virtually continuous along the entire lengih
of the Great Dvke. Both dykes extend 80 km south of the termination of the Wedza Subchamber and intrude the norther
marginal zone of the Limpopo Provinee. The Umvimeela and East Dvkes are simular n bulk composiiion and mimeralogy
and are essentially quartz gabbros and gabbronorites with suhophmc o mtersertal extures. Pyroxene and plagioclase are
strongly zoned and generally similar in compositon to those of the Border Group of the Great Dyke. There 15 strong
evidence for local wall-rock contamination.

Xenoliths

Inclusions of country rocks are found in many parts of the Greal Dvke. Xenoliths of greenstone belt lithologies (diorite.




magnetite gabbro, serpentinite, quartzite and banded iron formation), ranging in size from several metres to many hundreds
of metres, are especially common n the upper part of the Mafic Sequence in the Darwendale Subchamber. Extensive
recrvstallization and partial meling of the mafic xenoliths have resulted in the formation of coarse-gramed pegmatitic quartz
gabbro. Ultramalic inclusions are essentially unmodified and cross-bedded quartzite and pebble-bearmg arkoses have
clearly resisted reervstallization. Some banded tron formation shows extensive reervstallization of magnetite 10 grunerite
Small granite xenoliths arce also observed in the marginal zones of the Darwendale Subchamber.

In the Selukwe Subchamber, both the Uliramabe and Mafic Sequerces contain many hundreds of awtoliths trom the Border
Group as well as xenoliths (including large chromitite bodies) from the adiacent Shurugw Greenstone Belt

Mineral compositions

Variations m mincral chenusty reported trom many different zections of the Great Dyke (Coghill and Wilson, 1593
Prendergast and Keavs, 1989 Prendergast. 1001 Walson, 1982, 1992 Wilson and Prendergast, 1989 are alf consisie
with fractionatien of a relauvely silica-rich tholeitic magmea, Mincral composition trends are most comprehensively
documented in the Darwendale Subchamber ieg e 1.1 43

et

In chromites i chromitite lavers, MgO and Cr,G, contents and CrFe ratios increase upwards from chromiite C13 10 C10
and then decreasc upwards from chromitite LQ to Cle. Ohivine compositions in the middle portions of the Dunic
Succession show normal fractionation wends within 1ndx\'1dual cvehe units. M a]m reversals are comeident with. or 'he
immediately above, the basal chromitite Taver. and arc associated with very magnesian olivines (Fo,,). Olivine i Uvels
Unit | 1s more evolved and alzo showsa *‘c‘f'ulzn'upu'm'd Fe enrichment trend from Fog, toI o Orthopyroxene composition:
display a steady upward Fe-cnrichment through the Pyroxenite Succession, The most mugncsian pyroxence 1s L, Neay
the top of the orthopyroxenite of the P1 laver. the composition is Fng. A very clear feature of the pyroxene chenustiy s 4
progressive reversal o more magnesian compositons towards the tops of the pyroxenite lavers.  Orihopyroxene
compositons 111 Cyclic Unit 14 near the base of the Ultramafic %(:qucmr are comparabie to those in Cyveiie Units 2 and 3
at much higher stratigraphic levels and displav a reversed {ractionation trend. In the websterite urnt of the P1 laver, the rate
of Fe-enrichment increases sharply and tius trend persists into the overlying mafic rocks. Trends of clinopyroxene
compositions are sumilar 1o these of orthopyroxenc where the two pyroxenes co-exist in the websterite and gabbroic rocks
One major reversal in orthopyroxene compositions takes place n the Middle Mafic Succession, but the normal trend 13
resumed in the Upper Maflc Succession.

w0
In

The chemistry of fine-grained chromites enclosed by olivine and pyroxene between the main chromitite layers provides
strong evidence for varying degrees of down-temperature subsolidus re-cquilibration between the chromites and the silicate
minerals, and. in poikilitic harzburgite, reaction between chromiles and wapped iquid (Wilson, 19821, The principal
process is the diffusion of Fe™ into chromite, thus decreasing the Cr/le ratio, and the migration of Mg into olivine.

Initial iguid composition

The early ervstallization of high-Mg orthopyroxenes following extersive olivine erystallization indicates that the Great Dvke

magma had relatively-high $10, and Mrv() contents. The compositions of the most magnesian obivine and cumulus
orthopyroxene are Fog and En,, .. respectivelv, A further indication of the ultramafic nature of the Great Dvke magma s
the mgh Cr,O, contents of orthopyroxene (up t0 0,71%).

The nitial ¥SrASr ratio of 0,70261 44, and the essenpiallv-constant imtial Sv values of minerals and whole rocks from manv
different parts of the Great Dvke (Hamilton, 1977), rule out exiensive contamination of the magma by felsic continental
crust. The high silica content of the parental magma therefore reflects its source in silica-enriched subcontinental
lithospheric mantle.

The composition of a chilled margin of a dyke considered to be an offshoot of the East Dyke (Wilson, 19825 with about 16%
MgO and 33% $10, 1s in good agreement with observed mineral compositions and modelling using this composition is
consistent with the observed crystallization sequence (sec belovo). This composition {Table 1.1.2) is thercfore regarded
as the parental magma composttion of the Great Dyke.
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Table 1.1.2. Composition of the East Dyke chill phase

Wilsor, 1982 Prendergast
and Keays, 1989

S10,(%) 52,77 5207
AlLO, 11.04 10,69
Fe,0, 1,23
FeD 8,20 10,77
MnO 0,14 0,17
MgO 1560 14,61
Ca0 7,60 7.25
Na,0 1,77 1,54
K,0 0,69 0,74
Ti0, 0.55 0,51
P.0, 0,11 0,07
Cr,0;, 0,29 0,34
NiO 0,06 0,06
Pt(ppb) 0,64
Pd 4,20
Au 0,08
Ir 0,22
Os 0,14
Ru 0,92
Cu(ppm} &3
Co 70
S 4]

Sa
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Petrogenesis

The macrocvelic layering of the Ultramafic Sequence and the consistent compositional reversals at the bases of the evelic
units are readily explained by repeated injections of parental magma mto the chamber and by mixing between parental and
evolved resident magmas. Mineral compositional trends and the major lithological sequence reflect the gradually-eveiving
liquid composition throughout the ervstalhization lustory {Wilson. 1982). The amount of mixing between parentel and
resident magmas would have depended on the fluid dvnamucs of the svstem and the relative densities and viseo

two magmas.  The contrast between the sharp reversals in the derites and the much more gradual reversals i the
piroxenites suggests that nuxing dvnamics differed in the Dunite and Pyroxenite Successions (Wilson. 1982)

stues of the

The greater rate of compositional change shown by pyroxenes {rom the Lop of the P1 laver upwards indicates oomarked
decrease n the Ire-lumq of magma infiux and there is no ev Mcrw of any new magma mjeciion i the Lower Mafic
Suceession (g, 114, A further influx gave rise 1o the reversel 1n the Middle Mafic Succession. The first appearance
of plagiociase (md the formauon of the entive Malie Sequence by injection of more differentiated magma cannoi be ruied
out {Wilson, 19963 This matself would not have affected the rave of differentiation within the chamber.

The prominent reversals evident m hoth rock-tipes and mineral compoesiions at the base of the Ultramafic Sequence 15 4
COMINON f“"hn of large lavered mtrusions (“basal reversal ) and probably relates 1o the mode of intal emplacement of

hot primitive magma into the cool juvenile chamber.

The order of crvstallization deduced from cumulus assemblages s chromite-olivine-orthopyioxene-chnopyvroxene-
plagioclase-pigeonite-magnetite. the same as m the microphenocryst and groundmass assemblage of the Easi Dvke chiil
phase ( sce above). The arrival of each new cumuius mineral un the phase boundary 1s heralded by the prior appearance
of the mneral as an abundant postcumulus phase (e.g. o'i'hz‘w\'rm;en& in poikilitic harzburgite beneath orthopyronenite,
chinopyroxene in orthopyroxenite bencath websterie, ‘md agioclase i the P1 laver beneath gabbyo).

The differences i ultramafic stratigraphy between each charmber and subchamber and the striking stratigraphie similarity
throughout the Great Dvke from the level of Cyelic Unit 1 upwards suggest that cither the barriers separating the
compartments were eventually breached as more magma was injected, or the Great Dyvke magma chamber svstem was
compartmentalized at lower levels but physically hnked at higher levels.

The preserved thickness of the Mafic Sequence 1s verv small compared with that of the Ultramafic Sequence. Modelling
of the fractionation trends combined with mass balance considerations indicates that either the magma chamber was
effectively an open svstem during the formation of the Ulramafic Sequence, or there exisied a large sill-like lateral extension
accommodating the upper Ultramafic Sequence and most of the Mafic Sequence, now entirely eroded away (Podimore and
Wilson, 1987).

Origin of the PGE mineralization

The stratigraphic association of the MISZ and 1.S7. wit‘x pwoxcnilcs at the top of the Ultramafic Sequence and the occurrence
of the mineralized zones within (and not at the base of) major cvelic units contrast with the association of important PGIi-
rich sulphide zones in several other layered intrusions with later mafic rocks and with major magma replenishment and
mixing cvents. Sulphur saturation and the precipitation of PGE-rich sulphudes within the P1 laver was the result of
progressive cooling and fractionation, and of progressive enrichment of the magma in incompatible elements including S.
Other important factors included a nunor replenishment between the LSZ and the MS7,, periodic overturns of the stratified
magma colunmn (giving rise (o the modally- and cryptically-lavered nature of both mineralized zones). and possibly, in the
ase of the MSZ, mixing between the resident magma and an evolved magma derived from higher tevels of the magma
hambv . The order of metal enrichment in the sulphides (Ir-Pd-Pt-Au. Cu. Ni) is attributed to the different apparent
partition coeflicients of the metals into sulphide and 1s consisient with fractional segregation of sulphide at the flooy of the
magma chamber and the extraction of PGE, Au and base metals from the overlying convecting magma in the order of their
apparent partition coctlicients.

The mineralogy and textures of altered MSZ is a function of the complex, multistage posteumulus development of the
mineralized zone involving (1) cooling of silicates and PGE-cnriched sulphides, (2) the extreme evolution of the wapped
liquid and 1ts subsequent interaction with the sulphides leading to the production of small amounts of a highly-reactive fluid
phase, and (3) the release of metals from the sulphide and their incorporation into new phasces. (Coghill and Wilson, 1993,
Prendergast, 1990).



Thus, the origin of the MSZ and .87, is readily cxplained by primary magmatic processes (Naldrett and Wilson, 1990:
Prendergast and Kcays, 1989 Wilson ¢f al., 1989, Wilson and Tradoux, 1990). There is no evidence for the involvement
of large volumes of hvdromagmatic ftuids which, in any event, could net account for the exceptional regularity of the metal
distribution profiles over Jarge areas.

Lateral variations

Significant lateral variations oceur across the lavered structure. These are considered (o be related to the transverse shape
and narrov. width of the magma chamber. the . f‘ll‘m that this had on heat low and therefore on ervstathzation processes.
and (o the replentshment process (Prenderpast. 1991, Wilson and ‘)nA\w gast. 1989y Asaresult of the upward-farng
structure. the most marked transverse vanatons ccewr in Cvehe Dt 1 which Tay closest 1o both the [Joor and sidewalis and
o the roof of the in m\mn Besides mwor heat loss through the roof, \.g.nﬂ,am heat would also have been lost laterally
dirough the floor/walls. Thus. there was u strong temperature gradient from the hot axial epvironment underiam b thick
hot cumulates and a deep f 2der dvke oniward 1o the cool marginal environment close (o the Noor and walls This would
have had a profound effect on ervstallization processes and magma evolution.

It is hikely that composiional and thermal stratification in the magine cofumn was also mnpocant m developing e
discordant lavering relationships ebserved towards the margins (Prendergast, 19910,

1.2 THE GREAT DYKE - MINERAL RESQURCES AND MINIMNG DEVELOPMENT
M.D. Prendergast
Chromite

The main chromitite layvers of the Great Dvke represent a total chromite resource of about ten billion tomics. About 90%
is lugh-grade chromite m the lower group chromitites. Most lies below present minmg depths and far from railheads, but
enough chromuite 1s available at or near the establis wd mining centres for many vears to come. Chr Ommtcx Cle and Cid
of the upper group, and chromitites C3, ( 6, C7, C& and C1{ of the Darwendale Subchamber, and Cle and Cld of the
Sebakwe Subchamber, are the best developed and over the vears have been the most intensively mined (Prendergast, 1984,
1987: Prendergast and Wilson, 1989). The mining and metalhrglcal properties of these chromitites are sommarized in
Table 1.2.1.

Fhe highly-variable mining and metallurgical properties of the Great Dvke chromiutites have umportant consequences for
thewr utilization m the forrochromuum industry. The narrow thicknesses of the chronutites necessitate exceptionally labour-
intensive minag methods with 53% of operating costs being accounted for by labour. Consequently, variations in thickness
have a major impact on labowr productivity, Mining costs are also affected by the mechamcal strength and hardness of the
wall-rock. The serpentinized dunite 1s soft and disintegrates rapidly when exposed in underground workings, which
necessitates costly support but also allows the use of relativelv-cheap electric coal drilling. More expensive compressed-air
drilling 1s necessarv for harder harzburgite and pyroxenite wall-rocks.

The high Cr,O; content and Cr/Fe ratios of most Great Dyvke chromite ores potcntlal} y allow the production of high-Cr
grades of ferrochrome alloy. Agamst this advantage are the relatuvelv-high umit muning costs and the high friabihty of nch
of the chromitite rendering it unsuitable on its own for high-carbon ferrochrome production by conventional arc smeltng.

Chromite was first recorded at Aireys’ Pass south of Mutorashanga m 1907, and chronufe mimung had conunenced mn severa!
parts of the Great Dvke by 1919, Since then. Zimbabwe s clivorium industry has undergone continuous development and
transformation i a highly-competitive environment. Up (o World War 1. mining was contined to surface workings up to
40 ki north of the rallheads at Darwendale and Lalapanzi. In the late 1940s. deteriorating surface mining conditions {orced
a shifl to underground mining in the Mutorashanga area via inclined shafts and adits. Traditionally regarded as unecononiic.
the new underground operations were made profitable by the introduction of electric coal drills and box scrapers, the
development of resue mining methods and the extension of the ratlway and clectricty grid northwards. (Resue mining. now
standard on Great Dyke underground chromite mines, involves stoping between seam drives on levels spaced at fixed
mntervals down an inclined pilot shaft. the drilling and blasting of sn 80 cm hanging wall cut, the packing of as much waste
as possible n the stope behind, and the lifting of the chromite by hand prior to rampung to the shalt).

10



o

Table 1.2.1 Summary of mining snd meialksrgical properiies of chrowmitites in the Darwendale and Sebekwe

Subchambers

Upper group

Lower group

Bulk % Cr,O,
Bulk refractory ratio*
Chromite Cr/Fe ratio

Friability at present mining deptiis

Form/thickness

Wallrocks/mining conditions

-~

36-40

Ore lumpy to semi-friable

Composite layers (up 10 400 cm +)
COmprising one or mMore Massive (o
dissemnated layers each 5-100 cm
thick

Harzburgite wallrocks (except
footwall pyroxenite of chromitite
Cld). Serpentinized form relatively
hard; good ground conditions, but
1ackhammers required

43-54
3,9-4,4
2,739

Chromitite C3 = lumpy throughout
Chromitites C6-C172 highly friable
with some lumpy ore

Single massive layers 10-15 em

thick

Dunite wallrock (except for
footwall pyroxenite of chromitite
C35). Serpentinized form very soft
poor ground conditions, but
suiteble for electric coal drills
Chromitite CS requires
jackhammers and special
extraction techniques

*Bulk refractory ratio: (Cr,C; + MgO + ALO,)/(total Fe as FeO + Si0,).
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Up to the early 1950s, the country s entire chiromite output was exported as unrefined ore. To offsel the cost of long sca

routes o market, ferrochrome smelters were established in Gweru in 1953 and in Kwekwe mn 1961, and a third smcelier at

Fiffel Flats near Kadoma in 1974 the proportion of chromium exported as refined alloy began (o increase steadily through

the 19505-60s. Deep level mining of multiple chromitite lavers. principally C7. C8 and C9. via vertical shafls o the axs.

was seriously considered at this ime. These plans were never put info effect largely because of the hngh capital expense.
{

although some inclned shafl systems serving two chromitite lavers (C7 and C8) were suceessfully developed at o fater stige

By the late 19605, Zimbabwe ranked third ondv o South Afiiea and the USSR as a producer of metaliurgieal grade chromite
Production levels were dctennmw largelv by world cconomic condiuens, and internauonal frade sanctions. imnoscd on ihe
demand
m all-tune record production of 876 000 ( of chronuie in 1975, This penod saw the acne z:}"dcq

county from 1960 to 1980 had hitde efleet on the focal chroniium industv which ook full advantage of increasing
in the 1970510 achieve ¢
mning ot Mutorashanga where farge mining sectons were develooned with long melined shalts hauling o :

o Faced with the pecd to disguise 1ts product, the mdustry accelerated the wrand towards loca z""mmc. and

from up w

74 terrochrome allov accounted 107 93%4 of ali chy "»mimn exparted Fhroal chromite mining ¢ see later secuon) had bepun

in the 1930s near Mutwrashanga, prine .;m"\ iy Tow-carhon ferrochrome production. As new stainfess sieel technology
reduced the demand for this tvpe of u*'a Sdosal s ‘nc: s switched increasmgly w high-carbon ferrochrome producton and
the mining of eiuvial chrosmate, wihich, like e T aver chronple, 13 unsuttable for conventional are siicliung. coased
1973,

From a large aumber of producers up o the 1960x, the Zimbabwe chromuwn industy has sinee become concentrated in
the hands of only two companies, Jimasco and Zimbabwe Allovs The former (bought by local myvestors from Uhon

Carbide Corporationm 195315 a ]c«l gz v o]umc preducer of high-carbon itrochrome based i Kwekvve, whereas the fatie
{fowned bv Anglo Amencan Corporation’s, amns aniche as g smadler producer of specialty fow-carbon Terr ;
ferrochrome silicon alloys. Since the boom vears of the 1970s. these two companies have been affectec
inereasing labour and power costs as well as by fluctuating market conditions.

Initially, these factors foreed o steady shift in la: cale company production from deep-level mining operations on ihe

high-grade. but thin and friable, lower group chromities near mulm ashanga to the low-grade, but thicker and less friable.
upper group chromitites. which occur at relatively hhd”(“‘ fepth in the Lalapanzi and Ngest areas. This procoss was

accompanied by an increasing trend towards extensive small-scale, low-cost production by co-operatives and tributors from
shallow wimzes and adits, particularly near Muiorashanga. On the larger mines at Mutorashanga, experunents were

conducled in the use of road-headers in development and continuous ininers o stoping operations, and stoping apphicatons
of diamond wire and chan cutters, pneumatic and eiectyic picls, and hvdraulic monitors were also investigated. 1t s now
thought that mechanization emploving large underground unuts is inappropriate to the relatively small-scale chromite Amu;ng
operations on the Great Dyke. and smaller scale mechanical stoping methods have vet to demonstrate their effectiveness

Meanwlule, amid the fast-dwindling supply and quality of the country’s Archacan podiforni ores - especiathy those ai
Shurugwi, jong the mainstay of the chromium industry producir g approximately 50-60% 0{ the ore since 1906 and now
not expected to last beyond 2015 - it1s now recoguized that the industry s future lies in deeper surface and underground
muning of the Great Dyke chromitites and that systems must be established to mine these ccormn‘nically. These factors, plus
detertorating market condiions. have recently led 10 a fundamental change in approach. Most company-muning has now
ceased, except at Shurugwi, and both Zimasco and Zimbabwe Allovs now draw almost their entire Great Dyvke ore supply
from contractor and tributor operations. These range in size and degree of sophistication from traditional “hole-in-the
ground” artisanal workings to well-capitalized operations emploving heavy machinery. The companizs confine their direct
role. where necessary. (¢ management and technical support and to provision of mfrastructure. Reliable contractors have
been encowraged to develop mechanized surface mining operations on the thicker, upper group chromitite lavers where the
geology and topography permit Jow stripping ratios. These operations produce chromite at a fower cost than underground
muning of the same chromitte. and several are now established. or are being planned, m the central and southem paris o
the Great Dvke. Resources anmenable to mechamzed surface nuning are limnted, and such operations offer only a short- w
medium term ‘stop-gap’ (up to 15 years),

At the same tme. new methods designed to reduce underground m:ning costs in the longer term are being tested in suitable
company-supported operations.  Critical advances are being made in the limited mechanization of duuopmun using
trackless mini-loaders and of stoping operations using scrapers. Cost reductions of 25-50% arc anticipated together with
increases m productivity by up o 60-70% to 8-12 { per man-month. depending on chromitite tuckness. The companies’
role in providing infrastructure will also enable such operations (o mine up to 700 m down dip and thus achieve a mine hifc

of 20-30 vears. Such measures, aided by increased co-operation between Zimascoe and Zimbabwe Alloys, are expecied to
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kecp Zimbabwe 1o the low part of the international cost curve Much of the chromite won by this new approach will be
relatively low grade (44% Cr,O), with a Cr/le ratio of 2, 1-2,2:1). Ttis constdered that the production of 60% Cr allov from
such low-cost ore will be more cconomic than at ilizing h1gn—w\1 high-grade ore from the lower group chromitifes to
produce the more valuabic, traditional 63% Cr alloy. Despite adverse conditions. the Zimbabwe chromum indusiy 1s
confident that it can remain a major plaver well mto the new millenium provided it can suceessfully manipulate its varied
Great Dyvke resource base to keep costs down. This confidence 15 reflected i the recent entry of two small potential

1

producers. one of which plans to refurbish the old Eiffel Flats smelter.
Platinum
Developmenis 1o 1957
The likeh oceurvence of PGE m the Great Dvke was predicted by P Mennell as early as 19080 and the earhestrefercive
1o the MSZ was made in 1918 by AL, Zealley who rcpomd H presence of disseminated sulphides on Felveus bam
, i in 10

near Shurugwi. The discovery of PGE i the Merensiov Reel of 1‘ Bushveld Complex m South Alncs
immediately to a platinum-prospecting hoorn on the Great vke A Mr 120 Sacchy s eredited with the first discovery of BFGE

foud

in the MSZ., in the Makwiro arca in 1925, and manv similar discoveries were soon made elsewhere in the Darvendade
Sebakwe, Sejukwe and Wedra Subchambers by local farmers, private entreprenewrs and nuning L\\Idltdl!)
prospectng activity reccived considerable official encouragem ent and the Southern Rhodesia Geological Survev was ch;;m:‘:‘
10 send its officers 1o mvestigate the geology of thie MSZ (c.g. Lightfoot)

The Gramger brothers” Wedra Mine, which operated from carly 1926 (o late 1928, was the ‘,\*'ii significant of e caris
attempts at producmg platinum from the MSZ

Its eventual fatlure was dircelly attributable to low recoveries
interest in Great Dyvke platinum soon waned when it was realized that the fine-grained platmun: miner
economically recovered from the exidized surface ore with existing wet-gravity separation teehnologs.

< could not be

The next attempt at exploiting the 0\'idi'/cd MS7 was made iz 1951-53 by the Great Dyke Wedza Svndicate m the Wedza

area under Exclustve Prospecting Or ;}}P( ) 12, Metallurgical testwork showed that the PGE could be LC()ﬂUﬂ])(?E‘ln_\'
recovered in terronicke! by smelting mc ore in an electric furnace, but nothing came of this project.

By the middle 1960s, much of the potential PGE-bearing ground was held under EPOs 127, 128 and 130 bv Anglo
American Corporation whose intial interest was chiromite. Angic American later 100k out new EPOs ( (188, 189 and 260)
over the same areas to investigate the MSZ. Meanwhile. Union Carbide Corporation acquired through its local Suhwl ary,

Rhodesia Chrome Mines, most of the remaining prospective ground not then held by Anglo American. This covered all
the Snakes Head arca in the Musengezi Subchamber (EP0 193). most of the Wedza arca (EPO 194) and large areas arcund

Selous in the Darwendale Subchamber. Rio Tinto became involved i the carly 1970s acquinng small scattered parcels

of ground in the Scbakwe and Darwendale Subchamber under EPO 437,

Subsequently, between the late 190605 and earlv 1980s, all three companies together drilled several hundred boreholes and
proved the existence of the MSZ at depth in all four princip"? remnants of the P1layver. Umon Carbide set up tal mining
and metallurgical extraction projects to mnvesi gat wiable mining and recovery processes at Wedza (1969-71). Sclous
(1971-72) and at Mimosa {close (o Wedza, 1974- 78}. Despite the Targe potential resources. the Selous project failed.
essentially because of rock mechanics problems, difficultics mn following the MS7., and ore difution. Work at Wedza mae:
with more success and a techmcally-feasible mining scheme and extraction process was established right through to the sale
of refined metal. Anglo American considered that, of all their holdings on the MSZ, the Selukwe Subchamber held the
greatest potential. Trial mining was carried out at Unki (9 kma ENE of Shurugwi) in the late 1960s and early 1970s but no
metallurgical testwork was attempted. Work carried out by Rio Tinto al its Zinca prospect (38 km SSW of Selous: i the
Sebakwe Subchamber in 1980-83 met with mam of the probiems encountered at Selous, although appropriate mining and
grade control systems were considered o have heen satisfactorily established.

Despite considerable, technicallv-successiul, exploration and evaluation effort between the mid-1960s and eartv 1980s. and
the proving of a huge tonnage of potential ore in 4 persistent zone up to 1,8 m thick, an economucally-viable producing mune
was not developed and all the Great Dyke platimum projects vwere firmiy i mothballs by 1984, There were several reasons:
(1) the relatively marginal grade which could only be oflset by cost-¢fficient mining and extraction, and by higher metal
pricee than prevailed at the time, (2) the high capital costs required to develop a mine of the opumum economic size. and
(3 poor market percepuion of the Jocal investinent climate. All these companies matntamed their holdimgs with the
LXLLDUOD of Union Carbide which abandoned its Selous prospeet by the mid-1980s.
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The long history of failed attempts to mine the MSZ was turned around in 1987 when the Australian junior resource
company, Delta Gold, acquired the old Selous prospect under EPO 623 and immediately put in train a scries of re-
evaluation studies. This single most significant development in recent years provided the necessary stimulus and catalvst
for all subsequent activity on the MSZ, including the Hartley, Mimosa. Unki, Mhondoro, Neezi, Sclous and Snakes Head
Platinum Projects.

The MSZ of the Great Dyke has several inherent ad‘.'amwes as an cconomie source of PGE (Prendergast. 1988h:
Prendergast and Wilson, 19891, (1) With uniform grades and thicknesses over wide areas. it 1s a persistent mineralized
zone with no significant magmatic dwtuz bance features such as 1m pothoies which affect parts of the Merensky Reel (23
The dollar value and revenue distnbution is comparable (0 parts of the Merensky Reef and TIG-2 with Au and W1 accounting
for significantly greater proportions of revenuc. 3 A large propartion 1z mineable at relatively shaliow depth and is also
amicnable to a high degree of mechanization. {4y Metallurgical -ecoveries are expected 10 be margimatiyv higher than on
South African p]dnmun mines. i addition, labowr costs in Zimbabwe are refatvely Jow, and the MSY provides mn importan:
alternative PGl source to South Africa and Russia

Passibly the most significanCinherent disadvanta 1ges of the MS7 ax a mineahle resource are the probiom of grade contro
in a weaklv-mineralized vone with complex metal distributions, gradational boundaries and no visual s 1l
standard of managerment required (o overcome 1t

MSZ resource estimates vary with stope width, ('(m\‘cr\"’ti\'t estimates amournt o several billion tonnes mostly s
in the Darwendeale and Sebakwe Subchambers. [About 9%, is ncar-surface oxidized MSY. Interest i these chea
surface resources has centred on exiraction processes, mclmzmg clectine smeltng (sew above and feach metho

Hartiey Platinum Mine

In 1990, Delta Gold announced the conclusion of a joint venture agreement with BHP to develop and minc the MSZ a
Selous, renamed the Hartlev Plaunum Project. Following initial confirmatory work by BHP (67%, project operator),
including 34000 m of additional drilling, rock mechanics investigations, trial mining and metallurgical testwork, a Mining
Agreement - including a special marketng clause - was signed between the Hartlev Platinum partners and the Government
of Zimbabwe in August, 1994, Mine consiruction commenced soor. after, and the mine is now i preduction with the build-
up to full planned capacity under way.

The mitial resource is 50.9 Mt mineable at 2.6 p/t Pt 1,8 g/t Pd. 0.2 ¢/t R, 0.3 g/t Au, 0.2% Ni and 0.1% Cu (Chadwick,

996). Total resources are 160 Mt. At current planned production rates. Hartley Platinum wil] produce annuaily 1350 000
0z Pt, 110000 0z Pd. 11 500 0z Rh, 23 000 oz Au, 3 200 t Ni, 2 300 ¢ Cu. 351 Co and 6 400 t sodium oulpnam. Hartley
Platnum is expected to be in the lowest quartile of platinum production costs and well able to compete with South African
producers (Chadwick, 1996). Ata l’otal capital cost of 264 million US dollars, Hartley Platinum 1s Zimbabwe s most
important invesiment project in nany vears, and at full production will contribute aboul 8% of the counuy’s foreign
exchange carnings.

AMimosa Platinum Mine

In 1989, eleven vears afler the closure of the Mimasa trial mmine, Union Carbide revived its mterest n the Mumosa Platinum
Project and commenced a programme of re-cvaluation involving dewatering, bulk sampling and metallurgical testwork,
mechanized mining trials and tmited additional diilling  Tn 1995, this work culminated in the expansion of the refirbished
concentrator from 200 ¢/d to 700 ¢/d and Mimosa Platinum Mine - now owned by Zimasco (sce above) - has been
production at a rate of approximately 250 000 v since then. By contrast with Hartley Platinum Mine. the mimng svstemi
at Mimosa 1s designed to take advantage of the relatively flat dips and reduce costs by the use of mechanized trackicss
mining in 1,5 m-high stopes and by carrving all development on reef. At that stope width the miring probable reserve is
5T Mt contamnng 2,17 g/t Pt 1,55 g/t Pd. 017 g/t Rh, 043 g/t /~\u, (‘.2% Niand 0.16% Cu. Zimasco has completed
feasthility studies for expuansions to 750 000 vy and 3 MYy, although no decision on expansion has vet been made.




Unki Platinum Project

Anglo American resumed C\plox‘ation and evaluation work at Unki in 1989. Besides further drilling, the vertical shafl was
rehabilitated and trial mining and bulk sampling for metallurgizal testwork were carried out. In February. 1998, after
detailed feasiility studies, Anglo Amencan announced plans to proceed st once with the developmert of a mining operation
n partnershiy with government. The Unki mine plan envisages an annual producuon rate of 118 000 o7 of PGE and Au
and 2 300 t of basc metals, about half the capacity of Hartiev Platinuin.

Mhondoro, Ngezi and Selous Platinum Prajects

In the late 1980s. interest was also redivected 10 the substantial prospective ground adjacent 1o the Hartley Plasnum Project
tbig. 1.2, Covering the cast and wost merginal zones from Hartdey Plaunum i the northuto the old Zincs prospoct in
the south, the Mhondoro Platinum Project was miually owned jomtly by Rie Tow, Angle 1»\311"*1'1(‘(:.\ and Plateau Rimng
and Finance of the UKL I a senies of deals, Mhondore was eventoally cequired by BHP (61%05 and Dol Geld (3490,
Exploration m this area, managed by BHP, 15 presently concentrated on the west margm, Meanwhtle, Delie Gold hax
contnued exploration at its 100%-ovned Sclous Platinum
portion of EPQO 623, now converted 1o claims. In 19953,

the south of the Mhondoro Platinum Project.

oject o the east and south of Harticy Platmun: e remaning

Fioy
Delta Gaid bought Anglo Amencan s clairs in te Ngezi aren (o

With 125 diamond dnitholes completed and @ defimuve feasibilin studv undcr way. the Ngezi Plaunum Project 1 now the
most advanced of the three platunum projects near Hartley Platinan:. At Ngez, the MSZ along the west side is comparabic
to Hartlev in dip (16°) and thickness (1.2 mj (Chadwick. 199605 In the centre and along the cast side, the thickness s
significantly greater (1.9 m) and the dip much flatter (11°1 Although lower i grade, the MSZ i these latter areas contams
more recoverable metal and its thickness and dip make 3 ¢ for Jow cost mechamzed mining.

i
3t petentially suntable {o

R source estimates {or the Mhondoro, Naezi and Selous Flaunum Projects, supphed by Delta Gold, ave given in Table

1.2.2
Snakes Head Platinum Project

The Snakes Head ares s situated 1n the northernmost Musengezi Subchamber where the MSZ occupies a remote 100 km?
tract of ruggad ground made up of at Jeast five major fault blocks. The most accessible and least deformed western part has
now been partially explored by three different companies (Fig. 1.2.2). The remainder, straddling the Musengezi River to
the east, 13 stli largelv unknown.

Under EPQ 193 (see above) in the late 1960s. Urnion Carbide drilled four boreholes about 160 m apart down dip. In 1988-
90, under PO 634, Cluff Resources carried out initial mapping o define the major structure and the posiuon of the mafic-
ulramafic contact and then drilled four boreholes. one close to Union Carbide’s boreholes and three to the north and east.
Between 1995 and 1997 further borcholes were drilled in the same area by the Metal Miming Agency of Japan as part of
an aid agreement between the Governments of Zimbabwe and Japan. The results were very similar to those of earlier
drilling and added little nev information.

The combined results of the three dnlling campaigns at Snakes Head show the following. (1) Both the MSZ and LSZ are
present throughout the area diilled, the MSZ at the base of the websteriic and the LSZ Iving about 50 a: below the MS7 (Fig
1.2.3). (2 The MSZ and LSZ are very similar in thickness, grade and intemal meta! distnibutions (F1g 1.2.4). (3) The
1,87 1s exceptionally well developed refative to its development in other parts of the Great Dvke, although metal values are
significantly lower than in the MSZ, at Hartley and Mimosa Platinum Mines. (4) The thickness, lithologies and textures
of the pyroxenite host rocks, as weli as the grades and thicknesses of the MSZ and LS7. make it Tikely that the preserved
P1 laver in the drilled area 1s part of the axial facies of the primany transverse lavered strusture. (33 Ne Hardev-nvpe,
narrow, high grade, marginal facies MSZ appears o be present i the drilled area.

According to Cluff Resources’ data, the Pt, Pd-enriched lower parts cor PGE ‘ubzones) of the MSZ and LSZ are 4.2-5.5
m thick and contain 0,88-1,16 g/t Pt + Pd, and are overlain by a BM subzone 5-7 m thick contaming 0, 1% Cu +Ni. The
total PGE-beanng vesources mn both the MSZ and LSZ in the western and central parts of the arca shown mn Figure 1.2.2
amount to about 535 Mt The eastern part. plus the area straddhng the Musengez River. may contain further large
resources, some of which may be in Harlleyv-tvpe marginal facies MS7. Apart from significant modifications that are now
neceessary to carlicr mapping (e.g. Worst, 1960), one important implication of recent mapping is that substantial PGE
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Fig. 121 Plan showing the area underiain by the Main Sulphide Zone in the Darwendale and Sebakwe Subchambers and te
—i locations of the Hariley Plamum Mue resource and the Mhondoro. Selows and Ngezi Platinum Projecis. (Plan supplied

by Delra Gold).

. Table 1.2.2. Resource estimates for the Mhondors, Ngezi and Selous Flatinum Projects
G
" Project Mt g/t Pt g/t PGE+Au Moz Pt
) Mhondoro 816 2.0 - 54
m Ngevi 370%* 24 4.4 29
M Selous 878 2,0 - 57
* Not including 68 Mt in undrijled extreme south,
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Fig. 1.2.3 Simplified drill section through the weslernmosi portion o/the P1 laver in the Snakes Head area. For the locaiions of
the drill holes. see Figure 1.2.2. Note the positions and thicknesses of the MSZ and LSZ and the major stratigraphy
intersected by Clutf Resources’ decp horehole SH2.
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resources, perhaps including Hartley-type marginal facies MS7Z, may exist in a possible fault block to the north cast of the
area shown in Figure 1.2.2.

Because of their remotencss and  verv low grade, and the lack of infrastructure, the MSZ and 1.S7. in the Snakes [lead arca
are not suitable for development m the foreseeable future. Nevertheless, there would be merit (17 in v ut:gzmng the
apphication to these resources of low-cost bulk-mining svstems. including surface mining. which take advantage of the

thickness of the muneralized zones, and (2) i pursung the scarch for Hartlev-tvpe resources m both the MSZ and 1.57 1
the cast and north east.

Eluvial chromite and nickel laterites

Chromile-bearing ehivial soils are well developed w the hillv ](\I‘J]“' part of the Gireat Dvke north of Mutorashangs where
total relief approaches 400 m (Prendergast and Wilson. 19893 The lm‘ln t concentrations of cluvial chromite oceur in the
flat vallev bottoms, where the sotls average 50 em o thickness and contain 5-40%6 chromite. The chromiie, which s
associated with magnetite and nickelierous hndrated silicates 15 very fine-gramed (90% -500 microns) and was mosty
derived by weathering from the scrpentinite. In the Mutorashanga area. the t(‘\pf)gmpmc clevation 1s 250 m ingher on the
east than on the west side, where broad valievs dissect the >->11velmni‘ae terrain as far as the axts. On the cast side. the
eluvial chromites are strongly altered to 1"*11‘1%@“:0::::(»' and are associated withr & ngh proportion of magnetite; on the west
side the chromites are much less altered and magnetite is less abundant. Farther north, the topographiv 1s more svmmetrical
across the Great Dyvke: the chiromite-bearing soils are similar 1o those on the west side at Muiorashanga. but more evenly
distributed. Between Murf\rashanga and Darwendale 1s 4 central tidge of pyronenite hnu with few wransverse vailevs, so
eluvial soils are poorly developed.

In the Impinge arca, 35 ki north of Mutorashunge, the serpentinile bedrock underlying the e lu\ 1al chromite-bearing soils

s lateritized 1o depths of up to 2 m, and coptains (,5-2.0% Wi (] ’z'undcmasa and Wilson, 1989} ’\Jml\ct laterites are also
developed farther north. where grades of 0.8-2,3% have been recorded. Little 15 knovwn of’ thv.» deposits, but they appear
to conform in general features to the Ni laterites developed over serpentmite terrains elsewhere in the world.

Both the cluvial soils and Nilaterites are associated with the African erosion surface, and probably began to form between
the mid-Cretaceous and end-Oligocene. The origin, size and grade of these deposits are attributed to (1) the relatively-high
Ni content (€,26-0,43% NiO i olivine} of the primary dunite, and the abundance (1-8 vol%) and relatively high Cr/Fe ratio
(generally >2,5:1) of the fine-grained chromites enclosed within the dunites of the Jower part of the Ultramafic Sequence.
(2) the long weathering time-scale since the mid-Cretaceous and the donunance of mechanical erosion associated with the
African cycle, (3) the relatively high local mean rawnfall (760 mun), and (4) the development of wide valley bottoms.
The eluvial chromite deposits were mined 111 the Mutorashanga and Impinge areas b&.m een the 1950s and mid-1970s. A
chromite concentrate (average, 52-55% Cr,0, and 2" 2 S10, witn a Cr/fe rato of 2,3-2,5:1) was produced by combined
gravity and wet-magnetic methods with 90% mu)'v@ry I'he fine grain-size of these L()ll(;bl]tfdtb& made them unsutlable for
conventional arc smelting to high-carbon ferrochrome for manv vears; modetn technology allows the smeltng of greater
proportions of fines, and interest in the eluvial chiromite resources has recendy been revived. The Ni laterites, and the Ni-
bearing waste product from the soil treatment plants (0.6-1,2% Ni), arc relatively low-grade by world standards. The
laterites arc the more refractory silicate (rather than the Emonitic) variety and can only be processed economically by electric
arc <11101[i11g Testwark has shown that 1% Ni laterites from the Great Dyke can be smelted to 25% Ni in ferronickel
(Bartlett. 1972). To be viable, a large resource of at least 2% Ni weuld be require

The chromite concentrates, however, can be smelted together with varving proportions of the underlying laterites in an arc
furnace, n thc absence of flux, but with different amounts of uducz'm . to produce various grades of stainless-steel alloy
(Table 1.2.3; Slatter. 1979). Where they exist together, the so1ls and LdI(JL}\ could be stripped in sequence at relatively
Jow cost. Although smelting costs would be high, targe energy savings may be possible in unit metal terms by smelting th
laterites and chromile concentrates wgether, rather than by conventional refining of Cr and N1 units separatelv, and thi\'
scheme represents a potentially energy-efficient direct route to stminiess-steel production. The eluvial chromite resource
15 relatively limited (~2 Mt contained chromite) and could not support more than a modest scale of output, perhaps aimed
at a small, specialty alloy, niche market.

A very considerable tonnage of Ni laterite 1s probubly present from Mutorashanga northwards. These areas are relatively
remote and future exploitation depends, in large part, on the provision of appropriate infrastructure. The Ni laterites of the
Great Dyke are amongst the most significant of Zimbabhwe's mineral resources vet (o be fully evaluated.
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Table 1.2.3. Production of stainless-steel alloyvs frem Great Bvke gicket laterites and eluvial chromite
concentrates by electric nre ymelting (after Slatter, 2479

Composition of nickel laterite snd elovial ehromite concentrate

Nicke! Chromite
Iaterite, %6 concentrate, %o

My -2.02 N

Cr0, -1, BERS

FeO) 16 198

Si0e 403 3.5

55,0 -0,5 138

MgO 290 7.0

Cs0O 0,8 0.z

LoI 15,5 -

Charge ratios, alloy compesitions and smelt performances in 72-kV A furnace

Nj laterite/ Coke Aloy composition, %o Average alloy vield, k¥Whit
chromite cone. Cr Ni C Si kg/30kg charge* alloy+
1:] High 51,0 3,6 75 0,05 3,5 3540
2:1 459 59 6.8 ¢,08 5.6 4210
41 382 50 6,4 1,2 4.5 4810
6l 313 11,3 53 1,2 3.9 5650
8.1 20,4 11.8 4,9 30 32 6620
101 low 23,5 123 5,1 2,6 3.0 6660

HCFeCr - - - 6,2 4000

* Experimental tests in 72-kKVA fumace.
T Estimated equivalent for 18-MVA furnace.
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2.1 HARTLEY PLATINUM MINE - GEOLOGY AND GRADE CONTROL
RT Brown
Local stratigraphy and structure

the P70 prToNenie P42y thack s and the websierite

In the vieiity of Hartiey Platmum Mine, Cvahic Dl s 200
Javer O m thick. The MSZ ore bodv. ving at or immediaiely be
al @ maximum 1R® east flattening fowards the ¢

Al the base of the websterie, dips with mnos deviation,

s where the success

ss1on plunges <7 (o the south, The paroxeniies ae
affected by strike faulung and shearmg and by deiise joming z‘cs‘l,ihing, g Blocky ground, Diaplacemenis are nonmathy
ni and fzulls and joints commoen)y displayv advanced hvdraion i ihe form of
more rarely, small oceurranees of ehrvsotije ashestos. Manv of the falis e associated with dolerite anc :
tormer generally bemg ticker and more promment Ooly a feve Jundis lio eblique 10 strikes these faults im'\;; thriws o

to 20 m.

serpentiie tale, amphibole. L‘i:aj\ minerais and

Minecralization

The Main Sulptude Zone (MSZ) at ] 12111.5&? 33 Jatinum Mone s a persestens pmevalized zone with no magimantc disturbance
It 15 hosted by & medinm-grained pord _
Ccomposiion Eli, ¢, and ~] 5% postcumuius nuncrals mmm'xl:w [ _

base metal sulphudes and minor phiogopite. guarts attie amd mucrograpnic miergrowths of K feldspar anc i

quartz.  The texturaliv-intercumulus sulpindes consist of pyivhoute. chaleoprrite, pentlandite and pyvrite n oider of

e, consisung of ~85% cumulis o

wociase and aughie as randomby -distr m»wsu ISTENRTERRS

decreasing abundance. Pyrite 1s a munor consuivent and Jargely oceurs as a replacement product of chaleopyrite. The
suiphides occwr es anhedral 0.2-3 mm grains intersis
to net-textured concentrahom around oikocrvsis. Pyroxenc ervatals in contact with sulphide grains are commeonly aliercd.
with redistribution of sulphides along the pyrosene cleavage planes.

i the cumtdus pyroxenes, and vary fom finelv-disseminated grames

Al Hartley Platnum Mine, the MSZ vertical inetal distnbution profile 1s very simuar to thatl observed clsewhere comprising
a lower I’GL subzone relatively rich in PGE zmd base metals (BM), and an upper BM subzene relatively rich m BM bt
very low in PGE. As clsewhere, the PGE subzone 1s further subdivided into an upper portion relanvely enriched in both
PGE and BM, and a lower portion relatively enrichied in PGE but very low in BM. In underground exposures, the visibalin
of the sulphide concentrations 1s highly variable. The most readilv-visible mineralization is a 10-30 cro-thick zone of
relatively denselv-concentrated sulphides the base of which normaliv ies 15 om below the top of the PGE subzone. For
mining purposcs, this level 1s termed the MSZ base. The highest .’( il- and the second highest B} vaiues oceur Within the
15 cm interval immediately above the MSZ base. Between 0,7 m and 1.2 m above the MSY base s another thin sulphide
concentration identical in appearance (o the MSZ base. xh1.~< c<.;ncenu‘;m<>r1 mav represent the peak of the BM subzone.
although underground sampling to date has not confirmied this,

wverage PUPd ratio 1s 1,300 and the average Cu?

Typical grade distributions are illustrated in Figures 2.1.1 and 2.1.2. The«
Pd G382 Rh 0,042 Au 0,078

ratio 0.60. The tvpical 4-element PGE + Auratio1s PL0.497:
Grade control

Stope width

The highest-possible combined PGL + 3M g:md s are achieved by ming ¢ 90 em stope width (SW. ata best cut of MSZ
base+30 cm hangig wall fhw) and MSZ base-00 em footwall (fw). Due o the current tonnage build-up progranime.
however. the sloping instructions require & 105 cm SW at & cut of MSZ base430 em hw and =735 ain fiv, with a pessibiliy
of Turther increases to a maxumum of 120 cm SW (30 cm hw ana -90 em fw), Once steadv-state production has been
reached, the stope widths will be appropriateis reduced to maxirnize erade.

P
A
05
I

tis immediately evident from the PGE distributions that primary emphasis must be placed on stope hanging wall contol
Tt has been demenstrated that hanging wall overbreak has a far greater negauve effect on stope grade than does footwali
averbreak over the range of ,'1ccepthb ¢ best cuts. s for this reason that the blanket hangimg wall cut imstruction 1s set af

MSZ base+30 cm. In practice. it 1s silll acceptable for tus cut to increase to o maximum of +35 ¢, provided there 1s no
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apprcciable grade loss. Localized incidents of high grades extending into the hw have been noted, and are being investipated
for possible impact on the hanging wall cut.

Panel and raiseAvinze MSZ marking

Due to the difficulty in ore body identitication. all raise/winze and panel faces arc water-jetted clean prior to cach drithing
and blasting cvcle. In the normal procedure, the responsible geological technical assistant and shift supervisor scrutmiee
the faces and 1denuly the MSZ, base together. and if both partics are satisfied that the pane! or raise/winze is fullv on-reef
collar marking. drilling and blasting mav proceed. Although visible along the entire length of a panel, the MSZ base can
usually be identified at suflicient points to allow 1t 1o be marked by paint line. Yellow paint only is used for this purposc
and is only carried by geologcal stafl.

Sampling

Raise and ASG channel samipling  Channel sampling is carried out with single-blade hvdropower diamond saws  Twa
slots are cut normal to the laverng rom MSZ base+6C cm down to MSZ base-120 ¢m (exposure pmmttmgl. followed
by thirteen cross-slots to give twelve 15 em-wide samples (or walers).  The walers are numbered from the top down us /13
1o 224, 216 1s always the MSZ base+15 om wafer. so that the ’mmnm‘xm svstern can be used 1o denudy arrors. Lach
sample 1s assaved by the mine laboratory for l*\tai PGE. Au, Ny, Cu and S, with one compmxtc assav per chamel for each
individual PGE (Pt Pd, Rh) and Au. and one tor i and Cu. x,h annel samples are taken m every raise and ASG (ad

strike gullvy at 10 m ntervals, and, where required, in anv on-reef large end development (11711, Channel samiple results
are emploved primarily to caleulate individual mining block planned grades over a range of stope widths and best et

planned grades for ASGs, raisesAvinzes and [.UD. and acwial mined grades for individual panels, ASGs, vaises/winzes argd
LED.

ance

Panel and raise chip .samplino Where the MSZ base 1s visible, panel and raise ehip sampling 1s carried out by chipping
one hand specimen-sized sampie off each face before cach drill and blast at 4 position within the MS7Z base+13 em interval,
The sample 1s taken immediately afier the vellow MSZ base line has been painted. preferably at a point where the MSZ hase
is most visible. These samples are treated as routine samples and are assayed for total PGE, Ni and Cu. They serve as both
immediate checks and confirmation that the panej or raise is either on- or off-reef, and as permanent records of the on'‘ofi-
reef history of any panel or raise.

Where the MSZ base is not visible, either along an entire panel, or in the upper or lower portion thereof, one or two
positions along the panel are selected and three chip samples taken across the probable zone. They are numbered from the
top down and submitted to the laboratory as special priority samples, and assayed for total PGE, Ni and Cu. Results are
usually available within 24 hours. From the distribution of the PGE, Ny and Cu values, 1t 1s possible to identifyr very closely
where the samples were taken 1n the sequence, and therefore 1o be able, if necessary, 10 issue confident mstructions to re-
establish on the MSZ. Inn all cases where the MSZ base cannot be identificd, the drilling and blasting cycle is delaved until
such time as positive identification has been effected

Waste dump grab sampling. Waste dump grab sampling has been introduced to monitor reef being trammed to waste. 1t
takes the form of daily grab samples, consisting of a range of gram-sizes, taken from the belt discharge point and assaved
for total PGE onlv. Grab sampling 1s considered adequate for this application, as the presence of any appreciable values
indicates reef trammed o waste,

Stop width control

Routine stope measurements. Stope width control 1s the most eritical element of grade conurol. Not only the SW itsel{ but
also the best cut must both be controlled. Before cach blast, geolegical technical assistants take four sets of measwrements
throughout the stopes. (1) Total stope width measured at 3-3m back from the panel face at 3 m intervals down the panel,
where permancent support 15 mstalled. the footwall is clean, and the SW 1s believed to be stable (2) MSZ. basc o hanging
wall, measurcd at onc metre back from the panel face where the MSZ, base can be accurately estimated, and where the
hanging wall profile is not expected to change significantly with the next blast. Mceaswrements are taken similarhy at 3
intervals down the panel. Total stope width measurerments are not taken in such cases as the footwall 1s seldom .sufﬁcxem v
clean. (3) ASG, raise and reraise heights. widths and MSZ base to hanging wall at 4 m intervals. (4) Winch cubby heights.
widths and MSZ base to hanging wall. The results of these four sets of measwrements arc used 1o caleulate actual grades
and tonnages, and are presented on thetr own as average dimensions on both a weekly and monthly basis,
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Special panel measurements. Whenever a panel is visited by a geologist or a geolechnician, a series of special
measurements 1s taken on the face at the top. middle and bottom of the panel. (1) Total stope width. (2) MS7, hase to
hanging wall. (3) MSZ base to lop socket, and top sockel to bottom socket. (4) MSZ base to top drill collar and top drill
collar to bottom drill collar. (5} Top and botlom row drilling angles, cither measured on the drill sieel in place or inside
the completed hole

Individual results arve plotted on a diagrammatic measurement sheet designed to give @ quick and detaiied preture of the
panel face for rapid remedial action. I'rom the measurements given, anv other measurement which affects stope width
control can be readily derived (for example, the critical measurerments between op socket and hanging wall, and bottom
socket and footwall). This 1s uscful for deternuming the cﬂw of the explosive action, 1 the effect 1s excessive. remedial
action 1s taken by flattening dridhing angles, jowering collar positions. or hoth.

Waste and recf tramniing conirol
In a further effort to control both the tramming of wasic 1o reef.

numbered steel dises which are reguiarly planted i the respective source areas underground. Recovery 1s via the transfer
tower belt magnet, which s monitored on botl; reef and waste tramming,

2.2 HARTLEY PLATINUM MINE - MINING
R.T. Brown
Introduction

Hartley Platinum Mine. a modern and well-equipped trackless mining operation, consists of thres dechine shaft svstems.
known as South Decline, Midramp Decline and North Decline. Midramp Decline is also served by the shallow No.
vertical shaft sunk for trail mining purposes during the feasibility stage. The declines are collared i the hanging wall and
penetrate the gabbronorite and underlying pyroxenite in a westerlv direction before accessing the cast-dipping MSZ below
the sulphide-oxide interface.

Mine access
Large end development

Each decline system 1s developed at -11°, and is in two parts, one carrying the conveyor belt and charlifl svstems, and the
other serving as a material roadway for trackiess vehicles. Material dechine dimensions are 4,5 m high and 4.5 m wide, and
the belt/chairlift declines 2,75 m high and 4.5 m wide. The declines lead to the level stations, the first being O level.
approximately 100 m below surface, followed by 1, 2 and 3 levels (Fig. 2.2.1). The verucal inter-level spacing 1s 50 m
which gives a stope back of ~165 m at a dip of 18°; this has recently been increased 1o 55 m giving a stope back of ~180
m. Levels are accessed by short main crosscuts \'\’hich breax off the declines approximately normal o strike direction. The
main crosseuts access the haulages, also 4,5 m by 4,5 mends, which are driven along strike and positioned at approximately
15 m vertically below the MSZ. From the main crosscut point, the haulages are split mto north and south haulages. The
haulages, in turn, aceess the crosscuts to reef, orlented normal 1o strike. Crosscuts fead to smaller dimension travelling wavs
to reef which are inciined at +45° Cl‘cmcul\* are spaced 108 m apart. Adjacent to cach crosscut 1s a short, shightlv-angied.
drawpomt crosscut which accesses the vertical b'\\hok from the stope above (Fig. 2.2.2).

Small end development

From each crosscut and travelling way configuration, the MSZ plane is accessed, and a raise and a winze, both 2,5 m kagh
and 1,5 m wide, are developed up and down on true dip. to hole with the levels above and below, xupcctx\ elv. Advance
strike gullies (ASGs) are developed off the raises at 12° updip of strike at an apparent dip of +3,6° at a centre-to-centre
ASG spacing of 30,5 m. The ASGs are developed as 2.2 m-high and 1,5 m-wide access tunnels to the 235 m-long breast
panels, which are established to the updip side of the ASGs. Both the large end and small end access development lavouts
are Hlustrated i Figure 2.2.2.

and reef to waste, the geology deparunent holds sets of
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Stoping
Layout

The typical stopmg cycle consists of three main parts: (1) cleaning. (2) supporting, and (3) drilling and blasting. Since the
cvele 1s usually considered in that order, the following explanation is ordered sinularly, following a brief introduction to the
stoping lavout

Currently. Hartley Platinum Mine uses 4 one-sided scattered breast stoping lavout, w heu, ASGs and panels are mmed from
a ralse-winze connection in ene direction only. to mine out agamnst a 6 m-wide dip nb o left agamst the adjacent rasc-
winze connection (Fig. 2.2.2). The one-way breast configuration has largely been edopwu (o1 rock mechanies reusons, bui

xpanding to a two-way hchithonc scattered breast Javout 1s & possibilitv. The latter ix advantageous as it doubjes the
number of panels per raise connection,

Ledging 1s carried for 5 m i from the raise cenue line, whereby the pa ne} \\'idt}‘ slot of MSZ base+30cm and MS7 hase
-75 em 1s mined along the length of the raise. apd ‘~’)p1‘opr1mc}\.' supported. Foorwall 1s thep lifted a1 30,5 m miervals hom
which the ASGs are then established. No downdin sidings are carried with the ASGs. Panels are cstablished on the up 'hr
side of the ASGs with the faces orientated normal to the ASG direction. The raise-winze connection becomes known ax
a centre gully once the stope ts established. Usiiess ASGs are predeveloped, panel faces commenly lag behind the /\,‘m

faces by 2-4 m.

=,

Fach stope 1s equipped with one boxhole located ai the downdi ipe *nc‘ of the centre gully. Boxboles are vertically ortentate
and open mie the drawpoint crosscuts below. They are typicaliy constructed by drithng with a crawler-mounted Atlas
Copco® Robbins’ Bodek blind raise-boring machine, which (;ciuc:s 2 smooth, circular, open-ended hioie of 1.5 m
diameter.

Cleaning

Following the blast, a four-hour re-entry period is mandatory (o allow for the noxious gases to be expelled via the venulation
svstem, after which cleaning commences. The broken rock frow the blast is essentially contained at the face with the aid
of HDPE blast barricades which arc set diagonallv within the two rows of hvdrauhic props placed 2 m and 3 m behind the
face respectively. The blast barricades are angled towards the face in the downdip direction. The faces are cleaned with
both scrapers and water jets. The scrapers are connected to 35kW ¢lectric winches located m cubbies at the centre gully,
and scrape the rock into the ASGs. The water-jetting guns are connected to the hydropower manifolds end clean
simultaneously with the scrapers, the operator working from within the updip open slots between the blast barricades. The
scrapers are then rerigged to scrape rock from the ASGs into the centre gully. There, the centre gully winch, located behind
the boxhole at the bottom of the stope, cleans the rock mio the boxhole.

Tamrock® EJC load haul dumpers (LHDs), cqui ped with 3.2 m’-capacity buckets (~3 ¢ broken ore), arc used to clean
the drawpoint crosscuts and load the rock onto 25 t Bell® B2SL 4x4. low profile, articulated dump trucks (ADTsy. The

trucks transport the ore to the level reef tip, which opens out onto the decline conveyor belt svstem below.
Support

Natural stope support takes the form of stabilia: pillars left in sinv, including barrier dip pillars and m-siope grid pillars.
Crush pillars are not used at the current shallow mining depths. The configurations take the form of long ¢ m-wide barrier
dip pillars left on the virgin side of each centre gully, and a pattern of strike grid pillars left immediately dovwndip of cach
ASG. The strike grid pillars are 8 m long and 4 m wide with a 2 m-holing between each.

Artificial support falis mio the (wo categories of iemporary and permanent support. Temporary support consists of a row
of mechanical props at 1 m back from the face and spaced at 2 m intervals on dip, followed by two rows of 20 t hvdrauhe
props at 2 m and 3 m back from the face, respectively. and set at 1.5 m intervals on dip. The permanent mn-panel support
takes the form of permanently-nstalled. 15 cm-thick wooden poles which are hammered into place. The strike spacing
between sticks 1s 1 m. and the dip spacing 1.5 m. Fvery sixth row of pole support is arow of four-stick cluster packs set
at the same spacings. Where the panel meets the ASG and centre gully. every second stick support 1s a six-stick cluster
pack, with a single stick between. ASGs and raises/centre gullies are supported with 1.3 m roof bolts.
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Drilling and blasting

At the start of the drilling and blasting cyele, the faces are washed clean with water jets in preparation for members of the
geology department to mark the MSZ base with a vellow paint line. In accordance with the best cut insu'ncmmx two red
drill hole collar lines are then painted at the appropriate distances above and below the vellow MSZ ine (i.c. one above
and one below the MSZ base line for the top and bottom row collar positions. respectively).

Panels are duilled with an ~]4“-hoic, 3-row box pattern, with a 0,5 m burden between holes, and the centre row holes
staggered between the paratlel top and botiom row holes. Drill holes are both angled slightlv up and doven for the top wnd
bottom row, respectively, and laterally angled at 70° to the face. The 70% angle 1s measured from the plane of the tuee trom
the updip side of the | banel. 5o that the drill sieels are pomnting 20° towards the downdip side.

Dritling 1s carried out with hand-held Gullick® bvdropower rock dilis, using 1.3 m dnll steels and 36 mm knock-of bution
s, Dl steel effective penetration 1s ~1.03 m. Tach knock-off bit drills sbout 80 m. whereas the drill steu
100 m. Holes are charged with Explogel® emulsion explosive and detonated using Ezeestepe® shock

s fast for about

Stoping 1s currently cartied out on a two-dav cvele ( ie the complete ovele of cleaning. supporting, drilling and b mku\f‘
is completed every sccond dav). The average advance per blast is 0,9 m.which produces about 81 1 of reei per 23 1 paned
per blast (not including ASG). flerts are being madce to reduce the evele 1o one dz‘z). Average panel advance = m the arder

of 8 m per month.

Hydropower drilling was selected in preference (o prieumatic driliing essentially because hydropower rock drills consiume
30% less power, diill at about twice the rate, arc considerably quieter, and do not produce the oily mist caused by preumatic
drlling. The water used to power the drilis ts pressunised 1o about 18MPa on surface. Waste waler quantities i the stopes
present certain challenges, as 1015 essential (o keep ore and weter separate as far as possible. Better wavs of controlling in-
stope water are being investigated on an ongoing basis.

2.3 HARTLEY PLATINUM MINE - METALLURGICAL PROCESSING
C. M. Rule
Introduction

The metallurgical operations of the Hartlev Platinum Mine are housed at one integrated site. They comprise 4 concentrator,
smelter, base metal refinery and the analvtical laboratory. The site lavout has been designed to allow a future cost-effective
expansion to three times the mitial project capacity. The plant control will be by a state-of-the-art Scadal’ L.C. control
svstem. This fully-integrated computer svstem will significantly assist the management of the operation. The metatlurgical
operation 1s supported by a centralized engineering department with main workshops adjacent 1o the plants. The total
workforce of the metallurgical department is 330 personnel, the organisational structure being flat with the emphasis placed
on multi-tasking.

Concentrator

Planned grades of cre to the mill are 2,64 g/t Pt 1,79 ¢/t Pd, 0.47 g/t Au, 0.21 g4 Rh, 0,18% N1 (sulphide) and 0,14% Cu.
In the mitial phase of operation, the concentrator will treat 180 000 t of run-of-mine ore per month. The design grnind is 80%
-75 microns.  The concentrator flow sheet (Fig. 2.3.1) was developed from a series of pilot plant tests done in both South
Africa and North America. The plant s simplv dese ribed as a SAG-ball mill. bulk sulphide flotation operation.

The ore storage for the weckend mining shortfall 1s accommodated m a 20 m-diameter conerete silo with a live capacity
of 13 500t SAG mull feed 15 by a six-point silo draw-off svstem using frequency-controlled vibrating feeders. The SAG
millis 80 x3.2mmsize. The ball mill 1s 5.6 x 8 8 m. Design tonnage 1s 290 t per hour. Both mulls were manutactured
by Fuller-Travior and are driven using the low-speed, svnchronous motor (capacity 4,475 MW), air cluteh, single pinion
o ring gear system. A {lash flotation cell 1s mswko m the milling corewit to recover the metal sulphides as ﬂlc‘ are liberated
i the cireult.
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Milled product is treated mn two parallel flotation circuits to produce a low grade bulk sulphide concentrate containing 75
g/t PGM (platinum-group metals) + Au. The circuit was designed to allow circuit and reagent optimization. Due to the
relatively-high talcose content, significant depressant is added to the normal industy reagent suite. The concentrate is
pumped to the smelter. Tailings arc treated in the thickener/clarifier plant to maximize the water recovery. The tnckened
tailings are pumped to the tailings dam across the road from the plant site.

Smelter

The smelter design (Fig. 2.3.2 ) cm.w(hu the best technologics from the PGM industn. The testwork and comparauve
analvses of the concentrate feed were used to dclmnme, the design critena.

The concentrate is thickened, and the overflow clarificd to minumize matal losses back to the water ciremt.
concentrate 1s filtered m a plate and frame pressure filter. The product. at 3% masture. 1s fed to o tlash drer. The bot gas
is provided by a fluid-bed combuster fuelied by coal. Storage eapacity is avatlable benween the drier and filter processes
Dy concentrate is pneumatically copveved o the fumace feed bins. Limesione flux s proportionally added prior (o feedmy
into the six feed pipes m the root of the 13.5 MVA_ three-clectrode. careuiar furnace supphied by Davy (R3A0 Capaaity
of thisunit is 10 600 t of concentrate. Slag 1 tapped [rom two, water-cooled, w;);_:m slag l.dpnolu\. The slag s granulaied
in water, dewatered, and then conveyed back to the ball mili cireuit w the concentrator to recover the majorin of
mechanically-entrained PGM.

The matte is periodically tapped into ladles and wansported o the operating unit of two Pierce-Smith converters. n the
ensuing process, furnace matie 1s biown with wir at a temperature of 125050 The ron 1s reduced to a value of < 1% with
its associated sulphur. This osadation process 1s finished at a pomt where the matie contams 44% Ni, 33% Cu, 21% S, 1%

Fe, 0,5% Co and 1500 ppm PGM + Auw

The smelter offgas is subject to the regulations promulgated by the regulatory authorities of the World Bank. To meet these
standards at all times the design of the converter hooding, offgas system, the hooding of tapping opermom and the height
of the main stack were all modified. A sophisticated air-qualitv management svstem is installed. This includes a real-time
environmental model as well as on-site and remote air quality measuring and weather stations.

Base metal refinery

The flow sheet (Fig. 2.3.3) for this circuit was developed on converter matte produced from Hartley concentrate obtamed
during the pilot plant runs. This testwork was undertaken with the input of Outokumpu’s research centre in Finland and
the resulting flowsheet patented. Outokumypu was chosen as a technology partner due 1o its leading position i the base
metal industry. The Cu-leaching circuit incorporates the leading edge of technology used in the PGM industry. so that the
industry best-operating recoveries arc expected from this plant.

The matte fed from the smelter is ground 1n a batl mili in closed cirewt with evclones to 80% -45 microns before being fed
as a thickened slurry to the Ni-Jeaching circuit. The leach circuit consists of two stages of atmospheric leach and a pressure
leaching step. The circuit runs with solid and liquid phases running counter-currently. Lissenually, the Ni metal and
different sulphides present in the matte are sequentially dissolved as sulphate i an acid medium by the process of oxidation.
The result is that the liquid entering the circuit with a 100 g/t Cu tenor leaves the cireuit with a 100 g/l Ni tenor. This
solution is treated for Co removal by solveni extraction. This step removes other impurities allowing a high-purie N
(>99,9%) cathode product to be electrowon. Other impurities are removed wn a pressure Fe removal step.

The mamly Cu sulphide and PGM residue from the Ni circuit is leached under harsher conditions to allow the removat of
the Cu content and the residue from thus process is further leached under baich conditions to produce a PGM concentrate
of >40%. The Cu stream 1s treated for the removal of Se and Te bv the addition of sulphurous acid. The punified Cu
solution 15 split, a portion returning o the Nicireunt, the rest being clectrowon to Cu cathode at better than 99,99 Cu. The
sulphur balance 1s mamtained i the circuit by removing it as sodiurn sulphate m the Ni circut after the electrownmning step.
using sodium carbonate as the reagent. The product is a commercial grade sodium sulphate.

The overall recoveries of the valuable metals arc: PL 86%; Pd, 90%: Aw. 74%:; Rh, 83%; M (sulplide), 84%; Cu
{sulphide), 84%.
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Analytical laboratory

An ultra-modern analytical lacility has been constructed on-site to scrve the whole operation. The analytical techniques
emploved include fire assay. inductively-coupled plasma (ICP), atomic absorption spectrophotometry (AAS), X-ray
fluorescence (XRI7), spark analysts lor trace (SAFT), and numerous wet chemical techmques.

The laboratory will run around the clock to provide monitoring analyses for the metallurgical plants. The laboratory has
been designed to minimize the potential for cross-contamination and is also upwind of the metallurgical plants to minimize
the effect of wind-borne contamination. The hvgiene of the workers has beens given top priority m the design of the fire assm
and sample preparation sections.

Water recovery and reticulation

The water systems on the plant have been integrated and designed 1o allow maximum utlization. Water run-of from the
tailings dam 1s collected and pumped buck to the plant. Any siie run-off from the storm water svstem 15 colleeted ingally
at the base metal refinery and site-wide ai a site collection dam lor re-use. Thus, the pollution of Jocal water svstoms 1=
avoided.

3.1 MIMOSA PLATINUM MINE - GEOLOGY AND GRARL CONTROL
A Martin
Introduction

The present mining operation at Mimosa commenced in 1994 and 15 owned by Zimasco under a 5 737 ha Mining Leasc.
A partly fault-bounded area 5 km long by 3 km wide, known as Wedza South Hill, has been the focus of most of the
exploration work but further. mainly oxide resources, exist along the axis to the north and south of the boundmng faults
{North and Far South I'liils).

Mine geology

The MSZ in the Wedrza South Flill arca, straddling the contact between the overlying websterite and underlving bronziute,
forms an elongate, saucer-shaped basin with ward dips of 10°9-15¢ along the outcrop flattening to zero in the axis, 80%
of the mineralized zone dips at less that 6°. The axis of the MSZ basin structure hes 200 m below swface and the
mineralization 1s oxidized up to 300 m down dip from swface, or 30-60 m verucally.

The MSZ. shows a distinctive and consistent vertical distribution of metal val u«'*s (Fig 3.1.1). High base metal (N1, Cu and
Co) values occupy the upper 45 cm of the MS7. The precious metals (P1, Pd, Rh and Auw) are coafined to the lower part
of the MSZ, increasing from less than ] g/t at the base to a peak o 4-7 g/t some 15 cm below the Ni peak and thercatter
dropping off rapidly towards the top of the MSZ.

Trregularity and loss of the ore body is caused by minor faults, aplite dvkes, pegmatoids and washout chaonels.. The washout
channels both depress and cut through the ore body. The largest encountered in the workings 1s approximately 25 m wid
and has been traced down dip for 120 m. On the basis of drill holes and hanging wall exposure caused by overbreak over
a wide area, much larger washout features are inferred to exist in the hanging wall of the MSZ. The pegmatoids have also
caused significant Joss of ore. These [eatures are thought to be the result of late stage fluids pondiag beneath the washout
channels and have cfiectively obliterated the MSZ in places. The targest pegmatod mass 1s some 25 m across in the strike
direction and at least as much down dip.

In addinon to these features, there 1s 2 Jow grade zone about 30 m wide immediately to the south and sub-parallel to the man
decline. Within thus zone, sulphides are very weakly disseminated and the normal metal peaks are not developed. The full
extent of this zone has yet to be exposed. Loss of the ore body due to washout channels and associated pegmatoids is
expected 1o be hmted to a relatively small area between the main mclined shaft (Blore Shaft) and Wedza No. 2 Shaft

‘The MSZ. has a gently-rolling form with amplitudes of a few mietres and wave lengths measured in tens of metres. The axes
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Table 3.1.1. In-situ grades and resource tonnes over a range of mining widths, Mimosa Platinum Minc
Mining width, em
135 150 165 180 195 210 225 240
Resource, Mt
70 78 86 93 101 109 117 124
g/t Pt 2,25 2,17 2,00 1,93 1,79 1.73 1,62 1,57
g/t Pd 1,54 1,55 1,43 1,44 1.33 1,32 1.24 123
g/t Rh 0,18 0.17 0,16 0.16 0,15 0,14 0,13 0,13
e g/t Au 0,46 0,43 0,42 0,39 0,37 0,35 0,34 0,32
i g/t Ag 1,04 0,99 1,01 0.97 0,97 0,93 0,93 0,90
ey % Ni 0,22 0,20 0,20 0,19 0,19 0,18 0,18 0,17
ok
N % Cu 0,17 0,16 0,17 0,16 0,16 0,15 0,15 0,14
— % Co 0,005 0,005 0,005 0,004 0,004 0,004 0,004 0,004




of the rolls appear to trend down dip. Although the rolls do not pose grade control problems thev do constram the mining
methods because the use of scrapers may not he possible along strike and pools of water that collect in troughs impede the
use of vehicles.

Joints within the mine area fall mio three categories. There are two conjugate sets which trend sub-paraliel to the MSZ
strike (N-S) and in the down-dip direction (E-W). The N-S joints have moderate dips whereas the E-W jomts tend to be
more stecply dipping. The third category compriges an 'um.xtommnm sef Iving sub-pdmﬂel to the ore bodv. The more
steeply-dipping joints cause overbreak and dilution whercas the flat joints in places provide a good hanging wall parting
which assists with grade conwol. However. the convergence of these joint sets can lead to dangerous conditions and
procedures have been adopted to avoid falls of ground.

Resources

Aol of 111 core holes drilled at Wedza Soutl Hilt were used for evaluation purposes. All core intersections of the MS7,
were assinved at 15 emntervals for Pt P, Niand Cue Only the more recenthv-dnil
Ir, Au, Ag and Co. Bvaluating the grade of the M57 is complicated by the lack of & suitable geolegical marker horizon, the
nurnber of extractable metals and their recovenies end realizable values. The precious and base metal values display a well-
defined normai distribution and therefore the arithmetic mean o7 the drill intersection grades has been taken 10 represent
the overall grade of e deposit. Knged and least zquare distance c-stin“ates were not significantly different. Because of the
distribution of the seven extractabic metals, the mmmL width and position have o be based on the optimuni-realivable
monetary value. The position and width arc relatively insensitive m ﬂ'muatmn\ inmetal prices. Al current metal prices
and minmng costs, the optimum muning width is ¢ wmmh tion of 1.8 m-high development (30%) and 1.5 m-wide siopes
(70%;). All development. except the inclined shaft, 15 driven within the ore body. Grade-tonnage relationships at vanous

-~

mining widths are shown in Table 3.1.1,

1 mle\ have been assaved for Rh, Ry,

w,

On this basis, the geological indicated resource at a 1,5 m stope width 1s 82 Mt Allowing for unrecoverabie resources due
to washouts, abnormal reef, faults, dvkes, oxidized MSZ and pillars, the muning probable reserve for the Mimosa deposit
1s 51T Mt

Grade controli

The MSZ 1s not readily visible to the untramed eve but grade cortrol still depends mitially on visual examination and this
is supplemented by a self potential (SP) meter and channel assays. The standard procedure for marking off the ore body
is 10 identify by eve the base of the visible sulphides and to confinm tng position with the SP meter. Experience has shown
that this ‘marker” normally commde% with the base of the peak Pt sample. The mimng width is then set at 0,5 m above the
‘marker” for all mining and 1,3 m below for development and 1.0 m for stoping. The budget mill-feed grade 1s taken as 2
weighted average according 1o the proportions of development and stoping and discounted by 10% to account for overbreak
and mistdentification of the ‘marker’.

Tnitial problems have largely been the result of overmining due to poor blast-hole drilling control. The necessity for a mine-
call factor 1s sull under investigation as, theoretically. given ﬂ'xc fine-grained, disserminated nature of the mineralization, there
should be little or no unexplained loss of metal during mining.

The mined grade 1s based on channel sampling using a diamond saw with channels cut from floor to reof and sampled at
15 em intervals. Currently, only Pt, Pd, Ni and Cu are determuned in the mine laboratory. The mined grade is estimated
by making allowance for unsampled comers in the floor and rocf and the overbreak measured 1.5 m buck from the face.
This agrees fawly well with the average cvclone overflow grade from the mill
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3.2 MIMOSA PLATINUM MINE - MINING AND METALLURGICAL PROCESSING
A. Martin
Mine design

The grade of the Mimosa ore body is relatively low and the main kev to econonuc success is the ability to mine and process
the ore more cheaply than other plaunum producers. The regular nature of the depostt, the shallow dips and its large arca
lend themselves to application of a modular mine design. The areas stoped i the 1970s were examined by geotechnical
experts and the recent trial mming assessed. The high ('ompx‘css‘i‘.'e strength of the rock-mass and the shallow depth of the
operation support the chosen room and pillar mining methods which also allows minunal footwall waste developuent.

Minc access

The 200 m maximum dupth of the ore body und the proposed use of vehicies underground favours access by dechnes rather
than vertical shafts. The inchined Blore Shaft1s used for both men and matenal access and rock removal via convevors,

The Blore Shaft is approxmmately 15 m i the [ootwall of the ore body and access o the workings 15 by ramp crosscuts with
vertical rock passes from the ore bodv 1o the shaft. Access down dip and on strike 1s by means of 6 m-wide “on-ore’

declines and access drives equipped with convevor helts, roadways and services.

Lavout

The general mine lavout was designed on the basis of experience gained from trial mining and from proven methods used
elsewhere. Panel blocks are 154 m on strike, bounded by convevor belt/access drives every 120 1a on dip, and pancls are
advanced north and south. Fach panel has six 1.8 m-high gull"cq kept approximately 5 m in advance of the stope faces
which are mined at a width o 1,5 m. Each working face1s 15,5 m iuuci and bounded by 10 m-long by 3 m-wide pillars.
This configuration of advance gullies is used for grade Lomx ol and also for mapping of joints to avoid any potentialiy-
dangerous falls of ground. Other configurations are being studied, including a 1.7 m panc! with no advance gullv and a
centre gully with 1.2 m-high panels.

Grouted roofbolts. 1.5 m Jong, are installed on a 1,5 m square grid, particularly where flat joints occur in the roof
Additional bolting is also done on an es-required basis to control other joint sets. Wherc convergence of joints appears
likely as mining advances, leading to a potenualiy-dangerous situation, pillars are left by reraising from the gully.

Underground services

The Blore Shaft, access declines and convevor ways are used as the main downcast intake alrways and the air 1s returned
through a series of ventilation raises situated near the oxide-sulphide interface. Personnel and materials are transported to
and from the workings by diesel-powered multipurpose vehicies.

Concentrator

The plant has been designed on the basis of one crushing and screening stream, two milling and flotation streams, one
tailings thickener and onc concentrate handling stream. Run-of-mine ore 1s delivered by the Blore Shaft convevor to the
primary jaw crusher and deposited on a coarse ore stockpile with a 1 500 t live capacity. Ore is then crushed to 80% -9.5
mim in the secondary and tertiary cone crushers, and f{ed 10 the primary and sccondary ball mills before flotztion.

The concentrates are clecaned before thickening and then delivered to a filter press. The {ilter cake 1s loaded wto 2 t bulk
bags, ransported 11 km to Bannockbwim Siding and then railed to South Africa for toll smelung and refining.  The tailings
are thickened before pumping to the tailings dam.

A fullv-equipped, on-site laboratory with a fire assav section precesses all underground and plant process samples.

Smelting and refining

The toll processors smelt the concentrate, refine the white matte and produce saleable base metals. The precious metals
are {urther refined to produce final saleable products.
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4. LAYERING, PGE MINERALIZATION AND MARGINAL PHENOMENA, WEDZA SUBCHAMBER
M.D. Prendergast

Geological background

Among the principal interests of the Wedza Subchamber are the development of the MSZ, and the pyroxenite host rocks
across this relatively narrow part of the Great Dyvke magma chamber, and the changes in the petrology and geometry of the
lavering that are observed towards the magma chamnber walls (Prendergast, 1990, 1991; Prendergast and Keays, 1989).
The Wedza Subchamber is made up of a lower Ultramalfic Sequence of dunites. harzburgites, olivine pyroxenites and
pyroxenites, grouped into at least 16 cvelic units cach about 80 m thick, and an overlving Mafic Sequence of gabbros and
norites. The lavered rocks form a shallow. elongate, boat-like structure 80 km Jong and up to 6 km wide. Of special
interest are the uppermost Cyelic Units | and 2 and the lowermost mafic rocks preserved in the central part of the structure.
Both cvclic units consists of harzburgite ( with chromitite) overlain by pyroxenite. The pyroxentte of Cyelic Unit 1 at the
very top of the Ultramafic Sequence forms a prominent layer about 160 m thick. This P'1 layer 1s mostly made up of
bronzitites (plus minor transitional bronzitites and websterites) with a persistent 10 m-thick laver of websierite (Mun
Webstenite) at the top. The PGE-rich Main Sulphide Zone (MSZ), constituting the ore body at Mimosa Pletinum Miae (Thg.
4.1), straddles the base of the Main Websterite,

The upper half of the P1 layer 15 subdivided mio three subunits on the basis of pyroxene chemisuy, cumulus textures, and
the presence of cumulus augite and sulphides (Fig. 4.23. The pyroxenites displav marked lateral variations i Javering and
in curmnulus mineralogy, mode, textures and fabric. The most striking variations can be seen near the east margin between
Mimosa Mine and Wedza No.2 Shaft. This arca is characterized by the extreme stratigraphic complexity and locally-
erosional nature of the contact between the Main Websterite and the overlving mafic rocks. In many places. the contact
zone is marked by a highly-nregular sequence of interdigitating, three-dimensional wedges of websterite and gabbro that
dip towards the axis at shightly-steeper angles than the base of the Main Websterite (Fig. 4.3). Also present along the east
margin are thin gabbro lenses at the top of websterite modal lavers.

The erosional mafic contacts form steep-sided depressions that appear to be channel-like and oriented broadly perpendicular
to the east margin, and to lie progressively deepes in the pyroxenites before wedging out rapidly towards the axis (Fig. 4.4).
In many instances, the mafic chammel fills consist of an upward-coarsening, on-lapping sequence of fine-grained bronzitites,
variegated fine-grained norites, medium-grained norites and coarse-grained norites. The channcls are nterpreted as
magmatic erosion, or washout, channels caused by cascades of dense, plagioclase-saturated magma that were initiated higher
up the walls of the magma chamber. Erosion was mostly limited to removal of varving thicknesses of the Main Websterite;
in one case (Wedza No. 2 Shaft) the whole of the Main Websterite and the uppermost bronzitites plus the MSZ were eroded
away. There are indications that the base of the Main Websterite also interdigitates with the upper bronzitites in a manner
analogous to that of the gabbros and websterites.

The most consistent lateral variations of the P1 laver are observed in a transverse direction between the margins and the
axis (Figs. 4.5 & 4.6). In particular, towards the cast margin, there is a systematic decreasc n layer thickness, bronzite En
content and Cr in augite, and an increase in both cumulus augite/bronzite modal ratio and postcumulus and interstitial
phases. Away from the axis, transitional bronzitites and then websterites become increasingly common within the
bronzitites; thus, the upper part of Subunit 3 consists of bronzitite in the axis and massive websterite close to the east
margin. Also found along the east margin are barren, irregular, locally-discordant, metre-scale lenses of fine-grained
bronzite-phyric augitite lying within the Main Websterite (Fig. 4.7). These unusual rocks are considered to have originated
as crystal mushes higher up the chamber walls and 1o have subsequently gravitated to their present position. Pyroxene-
plagioclase pegmatoids are a common feature of parts of the P1 layer and lowermost mafic rocks, particularly along the
stratigraphically-complex east margin. The most laterally-persistent pegmatoid forms a composite, semi-concordant, 2 ni-
thick zone immediately beneath the mafic contact. Other pegmatoids are associated with washout channels. The MSZ. is
generally free of pegmatoids. The stratigraphicaliy-complex lavering around Mimosa Mine and Wedza No. 2 Shaft is
considered to be a near-marginal facies of the P1 laver and the gabbro-websterite contact zone that extends abnormally far
towards the axis at this point and was thus preserved from surface erosion.

In the Mimosa Mine area (Wedza South Hill; Fig. 4.1), the P1 layer forms a slightly-warped, rectangular basin structure
6.5 km long by 4,75 km wide with shallow, marginal inward dips of 15°. Gravity data suggest that the original Wedra
magma chamber had a lower trumpet-like and an upper sill-like transverse shape with an axial feeder dvke at depth. The
chamber walls are 6 km apart at the approximate level of the P1 layer and slope inwards at angles ol about 30° (Fig. 4.6).
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The angular relationship between the PJ laver and the chamber walls implies that the eroded marginal portion lay at
progressively-smaller heights above the inward-dipping walls. It is thought that the extreme marginal facies of each
cumulate layer merges with a more steeplv-dipping Border Group against the walls. Notable features of the extreme
marginal facies and Border Group equivalents of Units 1 and 2 in this area are the dominance of bronzite-rich lithologies.
the mostly fine-grained orthocurnulus textures with interstitial postcumulus augite. and. in the Border Group itsel{. the total
absence of olivine. Because of the apperent structural swarping and rotation of the synclinal axig, and the conseguent
juxtaposition of different structural levels at the same horzontal plane of erosion on either side of the axis, the marginal
phcnomena of Cyclic Units 1 and 2 observed on the cast margin are no longer preserved on the west margin. Also of speeial
mierest in the Wedzs Subchamber is the evidence (see above) of discordant relaﬁomhl ys between phase and modal fovermy
such that each new cumulus phase re.g. bronzite, augite. plagioclase) appears at progressivelv Jower siraugraphic jovels
towards the margins.

Main Sulphide Zone
In the Wedza Subchamber, the MSZ 15 a 2.5 m-thick. modallv-lavered sulphide pyroxenite witl a \i«vhl\-:ixemsi;zz’r:m and
uniformiyv-deveioped mternal lavered structure (Fig L8y In suminary. the mictal distribution piof '
defined, mam subzones - a lower PGE subzone rich in Fd and Pt ard an upper. PGE-peor, BM b:as:‘r e

s of two main por lmm v‘,\n(uv(s by areversal in metad distnbution rends The upper povtion hias an

B sile comprises v, .’\h(:"g

airsubsom

PGLE subzone consisls
essentiallv-constany thickness of 73 em. The lower portion 1s at feast 100 e thuck. Within the PGE subzor
and within each of 1ts component portions, bulk base metal and P& and Pt contents increasze upwards wherea
and Pd + Pt contents per unit sulphide (mlm Cu+ \3'1‘) merease downwards. so that the lughest metal contents
Pd/Piratios and Pd + Pl contenis per unit sulphide occur et e wop of the PGL subzone.

In the axis, all sulphude mineralization above the 'GE subzone bas uniformiy very low Pd and Pt contents. Consequently,
the axial MSZ assay profile 1s a QphI betl-shape with significant P4 and Pt values confined 1o the Tower half. Towards tne
wargin, thg BM subzone 1z more yregular, and FOE-meh sulplide mineralization {associated with transttional bronzitite
lenses) has been recorded above the MSZ.

Unlike in wider parts of the Great Dyke, the MSZ in the Wedza Subchamber maintains an cssentiallv-umform thickness
between the margin and the axis, and 1s economic throughout. There is a shight increase in sulphide Cu -+ NI contenis, Cw/iNi
ratios and PA/Pt ratios and a decrease in PGE eontents per wnit suiphide towards the margins. Th»—* MSZ between Mimosa

| mes yregularh

Mine and Wedza No. 2 Shaft is abnormally thin - the PGE @ubmme averages about Y0 zin - and bect

developed 11 the upper levels of the mine. There are significanily-greater variziions in metal content alogg ihe east margin
than along the axis.

Near the margin, the MSZ is usuvally affected by intense hydrosilicate alteration, but is largely unaltered i the axis
Discordant layering in the pyroxene and pl aﬁ‘l()pldSu cumulates 1s also retlected in the sulphide mineratization, with the top
of the PGE subzone (L.e. the middie of the MSZ) Iving about 40 cm beneath the Main Websterite i the axis but oub 10 am
near the margin.

Interpretation

The development and internal organization of the P layer and of the MSZ can be explained in terms of repeated imputs of
parental magma, overall cooling of, and progressive enrichment of chalcophile elements (Cu, Ni, PGE, Au. Shin. the
resident magma, and the existence of liquid Jayering phenomena. The minor lavering units and sulphide concentrations were
produced by cooling, in sind erystallization and Ravieigh fractionation of successive basal liquid lavers (ollowed by evertum
and mixing with the next later up. The MSZ itself was formed from a series of such lavers, the PGE being extracted from
the rapidlv-convecting magma, i the order of their partition coeflicients, by sulphide droplets exsolved at the crvsiai-liquid
interface

The transverse variatons within individual lavering units, as well as the discordant lavering relationships. are attributed o
the transverse shape and narrow width of the magma chamber, the consequent effects on the rate and distribution of jicat
loss, and the replenishment process. The same general interpretation applies (o transverse variations within the MSZ.
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EXCURSION PROGRAMME

Day O,

Day 1,

Day 2,

Dav 3,

Monday, 22nd June
Participants assemble at Cresia Lodge, Harare.

Tuesday, 23rd June
Dunite and lower Pyroxenite Successions, Barwendale Subchamber.

Stop 1: Underground visit, a chromite mine, Mutoroshanga

Stop 2: Viewpoint above Mutorashanga

Stop 3: View of cvelic wits, Duriite Syccession, west side

Stop 4: Examination of drill core. lower Pproxenite Succession, Ceesar Mine
Stop 5: Cyclic units, Pyroxenite Succession, east side

Stop 6: Pyroxenite Swccession in the axis, Airep's Pass

Stop 7 P3 pyroxenite near the axis, Great Dyke Pass

(hvermight Cresta Lodge, Harare

Wednesday, 24th June
Hartley Platinum Mine

Overnight Cresta Lodge, [Tarare

Thursday, 25th fune
Cvyclie Unit 1 and Lower Mafic Succession, Barwendale Subchamber

Stop 1: Upper group chromitites, Darwendale area

Stop 2: Axial facies, PI pyroxenite, Manyame Dam wall

Stop 3: Axial facies, Lower Mafic Succession, soutlr of Menpame River

Stop 3: Axial facies, Lower M \) s 1) }

Stop 4. ‘Picrite’, Makwiro River, wesr side

Stop 5: Marginal facies, Lower Mafic Succession, and ‘poiaio reef,’ west side.
P . 4 ] s

Overnight Nilton Hotel, Zvishavane

Days 4 and 5, Friday and Saturday, 26th and 27th June

Day ¢,

Layering, PGE mineralization and marginal pheromena, Wedza Subchamber
1. Underground visit, Mimosa Platinum Mine
2. Field exposures, Mimosa area

Stop I: Interlavered gabbros and websterites, near Blore Shaft portal
Stop 2: Marginal fucies, chromisite Cle (or Cld?)

Stop 3: Axicl facies, (oxidized) MSZ, Wedza Mine, 1926-28

Stop 4: Wedza stream seclion

Stop 5: Wedza No. 2 Shaft, 1969-71

Stop 6: Marginal facies, Unit 1 harzhurgite~-chromitite association
Stop 7: Border Group

Stop 8: Marginal facies, Unit 2 harzburgite-pyroxenite association
Stop 9. Mchingwe River section

Fridav: overnight Nilton Hotel, Zvishavane
Saturday: overnight Fairmile Moiel, Gyweru

Sunday, 28th June
Drive to Harare

Participants depart Harare Inicrnational Aivport for Johannesburg on flight SAQ39 ar 1420 hrs.

eXCUFSION.
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EXCURSION GUIDE

Day 1, Tuesday, 23 June

Dunite and lower Pyroxenite Successions, Darwendale Subchamber

Principal guide: AH. Wilson

Travel log from Harare 1o Mutorashange

Muiorashange is about 80 km nortiiwest of Harave and the journey 1akes abour 60 minutes. Bevond ihe cine lumits. the
rolling, fertile counmside is flooved by the arcuaie Harare Greensione Belr. //z(' Wazowe Dam ar 30 km is sinared close
10 the contact benvween the greenstones and the Chinamora granite batholith. The damwall is built iv: a consoiction in

the banded romn formation of the Iron AMask Range. After travelling through the important fruii-growing areas north of
Mazowe, the road crosses back onto granite tervvain with characieristic large domal outcrops. At approximaich 60 km

Srom Harare, the prominent distani range of hills 1o the legt provides the fivst view of the Greai Divke. The voad soon

crosses the Great Dvke through the Midorashanga Pass and enicrs the village of Muiorashanga on the west side. [For
locations of stops on Day 1, see Figures X' and X6.]

Stop 1: Underground visit, a chromite mine, Mutorashanga

This stop examines a chromitite laver of the Dunite Succession. As the under gc wund section to be visited could not be
selected 1n advance, the following nows applv o general features visible in typical underground workings on clyomitites
C7 and C8 in this arca and not to any particular working., This inine is one of the few underground mming scctions on Lh&
Great Dvke still operated by Zimasco. which now buvs in most of its ore requirements. It 1s being developed for trials of
different development and stoping techniques designed to reduce the high production costs of narrow seam mining

Features that may or may not be obqer\fed in this working include (1) the narrow thickness (15 cm max.) and medium to
coarse grain-size of the chromitile, (2} the laver-parallel shearing ai the base and/or top of the laver (with or without
associated slickensides and narrow m_ylonm zones) which may mask primary sharp footwall and/or normally siightly-
gradational hanging wall contacts, (3) the regular dip and thickness of the layer despite the sheared contacts (where present),
(4) the friable nature of the chromitite which, on handling, breaks up readily along a fine network of transgranular fractures,
and (5) the soft, easily-cut nature of the serpentinile host rock. With rc.\?ppct. to mining, note particularly the narrow stope
width and the use of electric auger coal drills

Stop 2: Viewpoint above Mutorashanga

This stop provides a spectacular view of the northern section of the Darwendale Subchamber where the lower part of the
Ultramafic Sequence is exposed. The location is slightly west of the axis in the Dunite Succession. The view along the axis
to the north shows successively lower horizons in the sequence by virtue of the gentle southerly plunge of the lavering.
Conversely, the view to the south is up-sequence and shows the lower cyclic units of the Pyroxenite Succession.

The outcrop 1n the area shows serpentinite weathering in its characteristic form. The elevation of the base of the
serpentinized zone 1s dependent on local topography and the proximity of faults, and there 1s a very sharp boundary between
fresh dunute and serpentinite. Fresh dunite 1s found in drill core 300 m below the valley floor. The onginal ohivine in this
part of the succession would have been about Fo,,: this represents the most magnesian composition in the Great Dvke.
Extensive silicification of the serpentinite (confined to hill tops) occurs as intersecting veiniets of opaline silica resulting
n the observed stockwork structure. Narrow veins of asbestos are also present in dilation {ractures. Vicwed with the hand
fens, the outlines of the original olivine ervstals (1-3 mm in diameter) are delincated by grains of interstitial chromite and
magnetite excluded during the serpentinization process. The interstitial chromite is verv fine grained (0,015-0,05 mm),
particularly when compared with chromilc in the chromitite layers where the anncaled textures give risc o a very coarse
grain size (up to 10 mm in diameter). Although veinlets of magnetite are present, these rocks have characleristicallv-simall
amounts of this mincral reflecting the magnesia-rich nature of the parent dunite. Pods and veins of brucite and magnesite
are encountered in quarries and in mining operations.

Figures X2a, b & ¢ are detailed maps of this part of the Great Dyke from 774 km to the north and 15 km to the south of the
viewpoint.  Simplified longitudinal and transverse sections of the same arca, based on surface mapping, accurate
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Fig. X1

Simplified geological map of the Darwendale Subchamber in the Mutorashanga area (modified afier Worst, 1960). The
locations of Stops 2 to 4 on Day I are shown. For key, see Figure X6,
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underground clevations and several decp boreholes. are shown in Figure X3. The maps and scctions demonstrate the
following: (1) The laterallv-regular vertical interval between adjacent chromitite layers: (2) the transverse svnclinal structure
of the lavering and the mirror-image outerop patiern of the chromitite lavers to the east and west of the axis: (3) the 3-8°8
pitch of the lavering; (4) the curved. ~50°S-dipping transversc thrust faults at approximately regular 1%-3 ki intervals:
(5) the slightlv-oblique transverse silicificd jomts (responsible for the spur and re-entrant topography along the flanks of
the Great Dyvke in this area): (6) the interaction between the southeriy-pitching svnelinal structure and the transverse fauits
(giving rise 1o a series of repeated svnchnal fold closures of the chromitite lavers, or “boat-cnds™ i local minmg
terminclogy '}, and (77 the horizontal dunite-serpentinite boundary. Below the dunite-serpentinite houndary, the chronutile
cannot be efficiently separated from its host rocks and the dunite 15 too hard lor auger drilling, Because of the inward dip
and gentle southerly plunge of the chromitite avers. the precise clevation of the boundary will have s major impact on future
deep-ievel mining.

View 1o the novth (Fig. 54

Deep vallevs and mgh-standing hills characterize the landscape produced by weathering of the serpentinite under sub-

tropical conditions. Much in evidence are the results of extensive chromite minmg cperauons wineh heve waken place

almost continuously since the 19405, The cm‘ommte Javers are made conspicuous by renching along e owterops and

chromitites C7 to C 10 may be observed iu this way, The imward-dip puxa attitudes of the lavers are obvious but the gentle

southeriv plunge combined with transverse {aults and joints, as well as the steep topography, results m comples outcrop

patterns Most of the mining in this area took place from decy mchined shalts and lom’, adits leaving nunierous large waste
G

dumps. Chromutites 7 and C8 are now largely mined out in this arca. Tedoy. mining operations in this arca are relauvely

simall in scale.

Towards the north west (close w0 the munng village of Mutorashanga). the gramte contact may be observed as a Jow ridge
parallel to the margin of the Great Dvke. Contact metamorpbism bas resulted in local hardening of the granitie rocks,
rendering them slightly mere resistant to weathering and erosior,

An important feature of the landscape on either side of the Great Dyke in this area 1s the diflerence i general clevation, the
west side being some 250 m lower than the east side. The Danwendale Subchamber lies to the west of the central watershed
of the Zimbabwe plateau. It appears to have acted as a resistant mass, in places surmounting the Post-African erosion
surface, with the west side reflecting a mare juvenile erosion surface. Remnants of the mature African eroston surface are
observed as high-standing platforms along the axis of the Great lvke. Subsequent weathermg appears to have had a major
mfluence on both the eluvial chromite concentrations and the physical characteristics of the chromitites. A further important
weathering effect has been the development of nickeliferous laterites in some areas. In the tlat ground on the west side to
the north can be seen areas where eluvial chromite-rich soils were stripped several decades ago. as well as a soil-washing
plant.

View to the south (Fig. X4)

The view is across the Mutorashanga Pass. General features are similar to those already described. The western contact
is again marked by low granite hilis. The grassy serpentinite hills arc barren of trees but several well-wooded arcas may
be observed. for example. those associated with dolerite dvkes in the middle ground and particularly those marking the
pyroxenite lavers higher in the sequence. The lowermost PG pyroxenite is seen to close n the axis and the overlving P35
pyroxenite forms the small central plateau. The precise cause of the vegetation anomalies on this part of the Great Dyke
is not clear but it appears that soals with high Ni and low Ca and Al contents and Jugh Mg/Ca ratios, such as those derived
from the serpentinites, are toxic to most plant species commeon on the adjacent granite terrain. The grass cover on the rocky
serpentinite slopes is highlv specialized, and succulent shrubs such as Euphorbia monieiri, together with a few geophytes,
are the only other plant species. OFf the 20 endemic taxa on the Great Dyvke. six are confined to the serpentinites north of
Darwendale. The extensive oulerop of the Malic Sequence in the central part of the Darwendale Subchamber appears to
have acted as a barrier to the southerly spread of some of these species.

Approximately 3 km to the west of the Great Dvke and 13 km south west of the viewpomt, a number of 1solated rocky hills
aligned parallel to the Great Dyvke are quartz gabbros of the Umvimeela Dvke,
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sowth-dipping thrusi faults and the location of the dunitz-serpentinite imerface. Based on surface mapping. underground workings and borehole data.
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Travel log between Mutorashanga and Stop 7

Stops 2 to 7 are situated at various points along the axis and the east and west margins of the Grear Dyke benween
Muiorashanga and the Great Dvke Pass 45 km 10 the south. The route follows alternately the east and west margins.
crossing the Great Dvke at several points (e.g. Mutorashanga, Caesar. Airev'’s and Great Dyke Passes). Features to note
along the way include (1) the rugged serpentinite terram in the vorth, (2) the central wooded pyroxenite ridge further
south flanked by serpentinite hills with prominent spur and re-entrant topography, (3 the extensive surface workings
along the outcrops of the lower group chromitite layers, and (4} the waste dumps marking the positions of the
underground mine workings. The larger workings are now closed and the bulk of currenit chromite production comes

froni small companies and from small-scale arusanal miners under contract or tribute to either Zimasco or Zimbabwe

Alloys.

Stop 3: View of cyclic units, Dunite Succession, west side.

This road stop provides a spectacular view of Cyelic Units 6. 7. &, 9, and 10 of the Dunite Succession. The lower contucts
of Cyelic Units 7 to 10 are marked by parallel workings along the basal chromitite lavers (Fig. X5). Cvelic Unit 6 is defined
by the line of workings further up the hill and the PO pyroxenite cn the high ground o the cast. The sequence observed is
about 300 m thick, and Cvelic Units 8 and 9 are each about 105 1 thick. The thickness of each unit is remarkably constant
for many kilometres along strike. Small-scale tnbutor mining of the chromitites continues but the transport of the ore down

the steep hill sides is creating a major envirommental problem.

The approximate position of the gramte contact can be seen ~100 m to the west. Note that there are no other pyrovenite
lavers exposed beneath P6 in this part of the sequenice.

Stop 4: Examination of drill core, lower Pyroxenite Succession, Caesar Mine

A selection of drill cores will be viewed at the core vard of Caesar Mine (Zunbabwe Allovs). These boreholes were drilled
to intersect chromitite CS which was mined at Caesar Mine from an inclined shaft. Together, the cores intersect the jower
part of the P4 pyroxenite, the serpentinite of Cvelic Unit 4, the underlving Cyelic Umit 5 and the PS pyroxenite of Cyclic
Unit 6. Omne interseciion on view penetrated the entire P6 pyroxenite laver and most of the underlying dunite laver of the
sarne cyclic unit. {Graphical logs will be provided as a hand-out. )

Points to notice in the drill cores are as follows. (1) The dunite of Cyclic Unit 6 of the deep hole has undergone extensive
flaky alteration and much of it has completely disintegrated. This is in contrast to the serpentinite in the higher cyelic units
(4 and 5) which is very stable. This condition arises from the rapid alteration of partly-serpentinized olivine once it is
exposed to air and moisture. The freshest dunites at the base of this hole contained 85% fresh olivine at the time of drilling.
This rapid alteration of the olivine presents problems in carrving out studies of the mineralogy and textures. {2) In Cyclic
Unit 6 there is only a very narrow transition zone (harzburgite and clivine pyroxenite) between the dunite (serpentinite) and
the upper P6 pyroxenite. This contrasts with the presence of a thick olivine pvroxenite at the base of P53 and P4. (3) The
P& pyroxenite is an almost pure adumulate, with very small amounts of plagioclase at crystal triple junctions, and is the
coarsest-gramed pyvroxenite in the Great Dyke. The composition of the orthopyroxene 1s Mg# 0,92 with 0,9% Cr,0,. The
chromiwm imparts a beautiful green colour to the crystals. (4) Chromitile C5 immediately overlies the P6 pyroxenite. The
two layers are usually separated by a narrow harzburgite laver 3-30 em thick. Very ofien the lower contact (and sometimes
also the upper contact) are strongly sheared because of movement along this plane. This is most likely the result of strain-
slip due to unloading of the roof rocks. The thickness of the chromitite is remarkably constant at 10 em. The chromitite
15 only economucally viable because of its lumpy physical quality and its relatively-high Cr,0, content and Cr/Fc ratio. (5)
There 1s no chromutite laver developed at the base of Cyclic Unit 4 (overlving pyroxenite P3) but chromite is often weakly
concentrated at this level indicating that magmatic conditions prevailing at the base of Cyclic Unit 4 were broadly similar
to those at the bases of most of the other ultramafic units.

Stop 5: Cyclic units, Pyroxenite Succession, cast side

At this point on the east side of the Great Dyke, Cyclic Units 3, 4, 5 and ¢ can be seen to the north. The resistant pyroxeniics
and the easily-weathered serpentinite give rise o a spectacular view of the layered structure. Trenching immediately
adjacent o the P6 pyroxenite marks the outcrop of chromitite C5. Near the base of Cyclic Unit 4, the serpentinite (afler
dunite) grades upwards into a gramilar harzburgite containing narrow and highly-elongate pyroxene crystals up to 5 em long.
The ongm of these crystals is not known. This rock-type grades into an olivine pyroxenite and then into the P4 pyroxenite.
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7 on Day I are shown.

Kildonan area (modified after Worst. 1960). This map
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Stop 6: Pyroxenite Succession in the axis, Airey’s Pass

This stop in the axis of the Great Dyke is on the upper contact of the P3 pyroxenite. Looking northwards. the svnclingj
structure 1s clearlv seen where the serpentinite laver of Cyclic Unit 2 has weathered down 1o the P3 pyroxenite. In the
distance, the P2 pyroxcnite can be seen as a small outlier flanked by the underlving serpentinite laver. Immediately 1o the
south of the stop, the high ground and rocky outerop is formed by the P3 pyroxenite which has been up-thrown about 40
m o the south by one of the numerous transverse faulls in this area.

Stop 7: P3 pyroxenite near the axis, Great Dyke Pass

This pyroxenite is tvpical of the lower part of the Pyroxentte Succession (Cvelic Units 3.4, 5 and 6). The rock is very
coarse grained with interlocking crvsials (up to | em in Jength} and less than 2% iterstitial material (mainh plagioclase
with very minor clinopyroxene). This is the classic pvroxene adeumulate of the Great Dvke. The characteristic green colous
15 the result of the relativelv-high Cr,0, content (0,61%) and Mg# (0,825} There is a weak fabric. the long axes of the
pyroxenes lving in the plance of the lavening but with little evidence of smaller-scale units.

Travel log from Great Dyvke Pass to Harare

The requrn 1o Harave (66 km to the SE, 40 mins) traverses the same gronitic tervain and commercial farm land as the
ourward journey bt by a differeni route . Seventeen kilomertres cast of the Greatr Dyvie, a series of low rocky hills may
be seen north and south of the road. These are made up of fine- 1o medivm-grained gabbronorite of the satellite Fasi
Dvke. Approximately 20 kon from Harare, the wesierst margin of the Harare Greenstone Belt is erassed but does 1ot ¢crop
out. Several smail road-cuttings are through dolerite sheets belonging 1o the ~2,0 Ga Mashonaland Igneous Fvent.

Day 2, Wednesday, 24th June

HARTLEY PLATINUM MINE

Principal guides: BHP personnel

Road log from Harare 1o Hartley Platinum Mine

Hartlev Platinum Mine is about 80 km SW of Harare and the jowrnev takes about 60 minutes along the main arierial road

to Bulawavo, Zimbabwe’s second citv. Most of the route crosses relariveh-flar commercial farm land underlain by

Archaean volcanic and sedimentary rocks of the Harare and Norion Greenstone Belts as well as shori expanses of

granites. The most prominent geological features are several banded iron formation ridges seen on the way out of

Harare and 10 the lefi of the road at Norton. At the east margin of the Grear Dyvke, aboui 25 km beyond Norton, granitic

terrain with low, wooded, rocky outcrops gives way suddenly 10 a broad linear depression with a gentle grassy
“ serpentinite slope on the far side, soon followed by flar wooded country of the poorfy-exposed Mafic Sequence. At Selous,
a small farming vitlage in the middie of the Great Dvike, the roure turns off the main road ro the right and follows a side
road for the last few kilometres to Hartley Platinum Mine. The flar topography of this part of the Great Dyke is in
marked contrasi to the hilly country observed around Mutorashanga on Day: 1.

Programme (co-ordinator: R.T. Brown)

07:40 Guests arrive

' 07:40 - 08:00 Tea/coflee

‘ 08:00 - 08:10 Welcoming address by the General Manager, Gordon Taylor. -
- 08:10 - 09:00 Introduction to local and regional geology (Allan Wilson), and geology and mining at Hartley

Platinum Mine (Chief Geologist, Ray Brown, and Manager Production, Johan Bothe). Short
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presentation on Ngezi Platinum Project (Consulting Geologist, Delta Gold, Harry Wilhelmiy),
time permitting.

09:00 - 09:30 Travel to decline shafts and change in preparation for underground visit. Short safety induction
at dechine.

09:30-11:45 Underground visit, escorted by members of nuning and geology departments.

1145 -12:15 Change and wavel to open cast operation

12:15- 1300 Open cast visit, Dave Howen, Open Cast Geoiogist. N Sekar and D Chigonda.

13:00 - 13:50 Lunch at mam office.

14:00 - 135:30 Metallurgical plant visit (co-ordinated by Manager Metallurgical and Surface Operations, Cliris
Rule).

5:30 - 16:30 Demenstration of Mhondoro surface drill core (7. Chigonda and N Sekar, former and presen

15:30 - 16:30 Demonstration of Mhond face drill . Chigond 1N Sekar, | 13 t
Managers Mhondoro Platinum Project). and poster and core display by Delta Gold (Harrv
Wilhelmir).

16:30 Guests depart

Day 3, Thursday, 25 June

Cyclic Unit 1 and Lower Mafie Succession, Darwendale Subchamber
Principle guide: A Wilson

Travel log from Harare 1o Darwendale

Darwendale is about 50 km west of Harare (about 60 mins by road). Initially, the route takes the same road as the return

Journey on Dav 1 before noming off to the south west about 20 km from Darwendale. Darwendale village is on the east

margin of the Great Dyke and chromite workings, dumps and the railway siding may be observed. The village is built
on the thick pyroxenite of Cvelic Unit 3. The road turns south and crosses the railway line near the axis of the Great Dylke
and proceeds along the harzburgites of Cvelic Unit 1. Wooded outcrops of the Pl laver in the axis may be seen to the
right. [For locations of steps on Day 3, see Figure X7.]

Stop 1: Upper group chromitites, Darwendale area

At Darwendale, the topography of the Great Dyke changes from rugged and hilly in the north to flat or subdued in the south.
This area also marks the northern extremity of Cvelic Uit 1 in the Darwendzle Subchamber. The purpose of this composite
stop is 1o examine, depending on the current availability of suitable exposures, several aspects of the upper group chromitite
layers and their host rocks.

Chromitites Cle and Cld of Cyclic Unit 1 have been extensivelv mined in this area and Darwendale was formerly an
important chromite mining centre. Recent mining operations, largely by contractors and tributors, have been relatively-
small scale. The locality 1s cut by the major NW-trending Darwendale fault zone, and by several smaller transverse faults,
resulting in warping of the major structure, rotation of the lavering and the formation of repeated ‘boat ends’ (Fig. X8). The
chromitite layers are hosted by serpentinized dunite and harzburgite, and chromitite Cld overlies a 9 m-thick olivine
pyroxenite layer. Large plates of poikilitic orthopyroxene are visible in the harzburgite and in oxidized and highly-
weathered dunite the original olivine crystals are clearly outlined by concentrations of interstitial fine-gramed chromite.
The olivine pyroxenite has a characteristic red-spotted appearance because of the preferential weathering of olivine. Within
the fault zones, serpentimzation increases i intensitv and veinlets cf asbestos and of magnetite - often a fibrous vanety after
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1960). The locations of Stops 1 to 5 on Day 3 are shown. Hartley Platinum Mine is located on the west margin a few
kilometres south of Makwiro.
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asbestos - are well developed. The abundance of magnetite in this area (relative to the magnetite-poor serpentinites at
Mutoroshanga) 1s due to the relatively iron-rich compositions of olivine (Fog,) in Cyclic Unit 1. A series of low wooded
hills near the main road are formed by outliers of the basal part of the P layer separated by faults and preserved along the
synclinal axis. The chromitite layers crop out east and west of the P1 outliers and in the *boat-ends’ m between, and dip
towards the axis at small angles.

Clromitite Cle at Darwendale 1s a massive mediunmi-graimed laver about 15-30 cm thick. Fine-grained nodular textures are
seen in many exposures. The grade varies from 45% 10 51% Cr,0, and the Cr/le ratio from 2.2 to 2,411, The average grade
and Cr/Fe ratio are significantlv higher than in chromitite Cld (sec below). This upward reversal between the two
clrosmitites 1s widespread in many parts of the Darwendale Subcehamber and suggests that the influx of new magma at the
level of chonuute Cle was much larger than that at Cid. Both the upper and lower contacts of chromitite Cle are usualiv
sheared and often marked bv chromite mvionite, slickensides and/or siliceous veining and gouge  (This contrasts with the
generally indeformed primary contacts of chromitite Cld).

Transverse vanations in chromuitite Cld in the central third of the svnchnal structure have been carefully documented m the
Darwendale nuning area (Iig. X9}, Here the chromutite conprises two chromite-rich lavers separated by harzburgite, the
lower laver et ther directly overly mg the feotwall olivine pyroxenite or separated from 1t by a thin laver of dunite or
harzburgite with extensive olivine—orthopyroxene reaction. This stratigraphic grouping displavs svstematic tansverse
variations between two lithological facies. In the axial lacxes, the chmmnm 1s scparated from the footwall pyroxenite by
a dunite or harzburgite up to 20 em thick and 1s repre*‘—‘n:sd by twe relativelv-thick chromite-rich lavers, cach compnising
disseminated, often finely-layered, medium-gramed olivine chromitite, separated by a reiativelv-thick harzburgite, with o
total thickness of up 10 225 ern. Outwards from the axis, there is a systematic increase in chromite grain-size and a decrease
in elivine/chromute ratios and mdividual laver tuckuesses. In consequence, the chromitite of the nars_’mal’ faciex' (1.5 km
{o the east and west of the axis) usually directly overlies the footwall pyroxenite. The two chromite-rich layers dominaniy
comprise massive, coarse-grained, slighty-nodular chromitite and are thin and close together, with a cor nmed thickness,
including mtervenung harzburgite, of not more than 50 em. The cumulauve medal content of chr omite in the chromite-rich
lavers is approximately constant m both axial and ‘marginal’ facies, and the increase in layer thicknesses towards the axis
is entirelv due to an increase in the modal content of olivine relative to chromite. In exposures to the south east (1.7 km from
the axis), chromitite Cld 1s massive and highly nodular, and most likely represents an even more ‘marginal’ facies. In some
parts of the axial zone, the upper laver is highly complex. consisting of three or more bilurcating (and sometimes lenticular)
units of disseminated and finely-lavered olivine chrontite separaved, along sharp planar contacts, by concordant lenses of
dunite.

A sub-economic, 5-10 em-thick chromitite laver (Cle) ocewrs stratigraphically 10-15 m beneath chromitite Cld. Its footwall
1s granular harzburgite. The hanging wall is poikilitic harzburgite merging up with the olivine pyroxenite beneath chromitite
Cld.

Travel log from Stop 1 1o Stop 2

From Stop 1 the road continues south along the base of the P1 laver which may be seen on the left. After a sharp mrn
1o the east the road crosses the pyroxenite and reaches Stop 2 after 2 km,

Stop 2: Axial facies, P1 pyroxenite, Manyame Dam wall

This stop is at the Manyame Dam wall in the axis of the Darwendale Subchamber. Lake Manyvame was completed in 1977
as an additional water supply to the City of Harare. The carth-wall dam with clay core 1s approximately 1 km long and sited
m the narrowest part of the gorge where the Manyvame River cuts through the P1 laver. The northern end of the dam wail
is close to the contact benween the orthopyroxenite and the websterite of the P1 laver. Very fresh exposures of these rock-
tvpes are scen as i sifi coulders, rubbly outerop and material used in the wall itself. Both rock-types are medium-grained,
orthopyroxene is cumulus and plagioclase 1s interstitial. In the orthopyroxenite, clinopyroxene oceurs as a bright green
interstitial phase (with Cr, 0, as high as 0,9%) and as large evhedral oikoervsts. In the websternite, both pyroxenes are
cumulus. Clinopyroxcne in the websterite is dark green in colour and the orthopyroxene 1s brown.

Althoug.h not exposcd at this locality, the Main Sulphide Zone (ViSZ) is situated close to the dam wall. The MSZ here 15
about 2,5 m thick, significantly thicker but lower grade than at Hartley Platinum Mine near the west margin further south.
Weathered sulphide can be seen in some outerops. Also apparent is the nodular texture of the *potato reefl” caused by the
development of large oikocrysts of plagioclase up te 10 ¢m in diameter. The oikocrysts were formed carly m the
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crystallization sequence and the precipitated sulphide liquid became concentrated around their margins. This distribution
is clear in some outerops near the dam wall,

Travel log from Stop 2 10 Stop 3

] P > y . , . ST g ., P . 7 - ) 3
Returning to the main road the route crosses the Manvame River and reaches Stop 3 several hundred meltres further
south.

Stop 3: Axial facies, Lower Mafic Succession, south of Manyame River

Atthis road stop are seen rocks which fie swatigraphically about 10 m above the base of the Mafic Sequence and close Lo
the axis of the Danwendale Subchamber. Exposure is characterized by boulders and poor ovterep. e rock-tvpe varies
widcely from anorthositic gabbronorite to anorthositic gabbro dug 10 changes i the relative amounts of ortho- and
clinopyroxenc. The different varieties formt discontinuous layers ranging in thickness from a few millimetres 10 10 cm. The
most striking characteristic of these rocks is the “pock marked” appearance on weathered surfuces. The deep cireulas
cavities are caused by weathering of olivine cikocrysts, Each oikocrvst is @ single ervstallographicaliv-continuous e st
enclosing small plagioclasc Iaths. The oikocrvsts vary in size from 3 mm o 30 mm and are commonly arranged in Javers
The olivine composition is Fog, and the enclosed plagioclase laths are reverse-zoned from Ang, 2t the cenlres 0 An,, .
margins. The remainder of the rock comprises stubby subbedral crystais of domiantiv-cumulus clinopyvroxene with Jesser
amounts of regularty-shaped orthopyroxene and plagioclase (An,.).

This imporiant rock-unit marks the momentary re-appearance of olivine i the Maiic Sequence after its disappearance In
the olivine pyroxenite at the base of the 171 laver. The development of this rock-type is strongly facies-dependent as 1t dies
out towards the margins (see Day 3. Stop 5). The axial facies is considerably more anorthositic than the marginal facics.
The re-appearance of olivine at the same stratigraphic level as the first occurrence of cumulus plagioclase in the Great Dyke
requires comment. Although the magma had become sawrated with plagioclase at this level, detailed studies have shown
that the coimncident arrival of plagieclase and olivine cannot be explained by simple fractionation, and modelling requires
injection of approximately 10% of relatively Mg-rich but Cr-poor magma.

Travel log from Stop 3 to Stops 4 and 3

Stop 4 is 24 km from Stop 3. The road follows the eastern mafic-ultramafic contact for approximately 8 km before
crossing the railway line and noning west. The viei (wetland) and low region to the east is floored by the Ultramafic
Sequence. Fxposure of the gabbroic rocks is also very poor in this area. The black soils of the Great Dyke give way 1o
sandy granitic soils where the road passes over the western coniact and swings south past the railway siding ar Makwiro.
Stop 5 is abour 1 km beyond Stop 4.

Stop 4: ‘Picritz’, Makwiro River, west side

This stop 1s located on the marginal facies of the harzburgite of Cyclic Unit 1 approximately 250 m below the base of the
Mafic Sequence. Despite the black serpentinized appearance of the outcrop, this rock is remarkabiy fresh with less than 30%
of the olivine altered to serpentine. The outerop is characterized by large spheroidally-weathered boulders mn a highly-
decomposed matrix, the weathering being controlled by the local fracture pattern. This rock-type, once referred 10 as a
pictite, is a phlogopite-bearing plagioclase harzburgite. It comprises zenes of medium- to coarse-grained olivine crystals
together with large oikocrysts of crystallographicallv-continuous orthopyroxene enclosing fine-grained and highly-rounded
olivine. The orthopyroxene, together with the rounded olivine, can be casily seen by rotating a freshly-broken sampie to
refiect sunlight. Coarse-grained phlogopite is interstitial 1o the clusters of olivine and Jocated between (but never within)
the orthopyroxenc oikocrysts. The phlogopites, together with very small amounts of primary K feldspar, both formed by
crystallization of late stage liquid, give rise to the relativelv-high KO content of this rock-tvpe (0,28%). Plagioclase (alwavs
partly altered) appears milky white and 1s also mterstitial to the mafic phascs. Small amounts of very fine-grained chromite
arc present throughout the rock and are mainly located at the boundaries of the olivine crystals and within the orthopyroxene
oikocrvsts. Chromite released by weathering can be seen concentrated in the river sand.

The general dip of the layering in this area 1s 24° to the east and olivine-rich lavers can be observed due to their preferential
weathering. Approximately 100 m downstream towards the west is an outcrop of highlyv-weathered olivine pyroxenite to
pyroxerute underlain by phlogopite-bearmg plagioclase harzburgite.  This is one of the thin pyroxenile Jayers which appear
in the marginal facies of Cyclic Unit 1. With a few notable exceptions, these narrow pyroxenite layers are not observed in



the axial facies of this unit.

Approximately 20 m downstream from the bridge 1s a narrow granite dyke intruding the harzburgite. It dips steeply to the
east and trends approxumately north-south parallel to strike. The ¢vke 1s one of several in this area which were derived by
partial melting of the granitic wall rocks and then intruded back into the layered sequence. This may be the result of high
heat Nlow and the proximity of the granite floor rocks. This granile dyke contains variable amounts of chromium, up to
several hundred ppm.

Stop 5: Marginal facies, Lower Mafic Succession, and ‘Potato reef’, west side

This outcrop provides comparison with Dav 3, Stop 3 where the axial facies of the same rock-unit was examined.  Here.
the rock is refatively homogeneous but shovs signs of thin wispy lavening. Two pyroxenes are present but olivine is absent.
Feldspar is cloudy due to munor alteration. (Even m drill core it is difficult to find completely-unaltered examples of this
rock-tvpe). Stratigraphically, this outcrop hes approximatelv 20 m above the base of the Mafic Sequence. The fracture
pattern and mature weathering i this area give rise to the bouldery outcrop characteristic of the Malic Scquence. Low
ground to the west is underlain by deeply-weathered ultramafic rocks. Tn the distance can be seen hills formed by the
granitic wall rocks.  As at Mutorashanga, melung and reervstall:zation has rendered the granitic walls shighty resistant

Trenching of the MSZ nearby has revealed the well-developed nodular pyroxenite ¢ potato reef™) associated with the MSZ.
Large plagioclase oikocrysts are observed together with smaller Ci-rich augite cikoerysts. Phlogopite occurs at the zoned
margins of the {eldspar oikocrysis. Sulplude mineralization may also be seen together with Cu-staining caused by oxidauon
of the sulphides

Travel log firom Stop 3 to Zvishavane

After Stop 5, the excursion proceeds direct 1o Zvishavane without further scheduled stops. Zvishavane is a small 1own,
300 ke 10 the south and the journey iakes about 4 hours. The Makwiro road continues south along the Mafic Sequence
parallel and close 1o the mafic-ultramafic contact. The exceptionally-poor exposure of ihe gabbroic rocks should be
noted. Hartley Platinum Mine is soon passed on the right, and shortly afterwards the route joins the main Harare-
Bulawayo road near the small village of Selous.

From Selous, the route to Zvishavane passes through the midlands of Zimbabwe which contains some of the country’s
principal greenstone belts as well as much of its industrial infrasiructure.

The folliowing are some poinis of interest to note on the way.
. & )

1. About 4 km from Selous, the road leaves the Great Dyvke and crosses flat granite tervain 1o the west. Twenty-five
kilometres farther on, the road enters the main Midlands Greenstone Belt which it follows, apart from brief
excursions onto the adjacent granites, for the next 190 km. The geomorphology of the midiands is dominated
by the rolling, relatively-flat, Post-African (Miocene) land surface. Note the flai-topped ridges of Archaean
metasediments which belong to the oldest preserved Pre-Karoo (late Palueozoic) land surface and, near Gweru,
the highly-mature African {mid-Cretaceous to end of Oligocene) land surface.

2 The towns of Chegutu, Kadoma and Kwelwe were ali originally gold-mining centres. Although gold mining
in the surrounding greenstones continues to be important, the country: around Chegutic and Kadoma is now a
major maize- and cotton-growing area.

3 About 13 km beyond Kadoma, a road branches west 1o the old Empress Mine. This was an important nicke!
producer until closure in 1983, andwas the first major discovery of nickel sulphide ore in Zimbabwe. The mine
worked disseminated ore in a differentiated mafic sill within the calc-alkaline suite of the 2,7 Ga Upper
Greenstones.

o. Fifieen kilometres north of Kwekwe is Sable Chemical Industries, the country’s main producer of nitrogenous

Jertilizers. Closer to town, Zimasco’s ferroalloy smelter, one of the world's largest producers of high-carbon
Sferrochrome, is visible a few kilometres 1o the left of the road. Kwekwe is now a major industrial centre,
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although the head gears and slimes dumps of the old Globe and Phoenix Mine and the old Gaika Mine (in the
deformed Que Que Ultramafic Complex) are reminders of the iown’s gold-mining past.

A few Kilometres south of Kwekwe, a branch road to the right leads to the small steel-producing town of Redcliff.
Originally located on vich hacmatite and limestone deposits at Redcliff, the Zimbabwe Tron and Steel
Corporation (ZISCO), the only fullv-integrated stechvorks in Africa north of the Limpopo, drew much of its iron
ore from Buhwa in the south of the country in the 1970s and 1950s. It is now dependent on the Ripple Creel:
deposit 17 km south of Redcliff: Several manufacturers of steel products are located in nearby Kwelkwe

From the raibway fh-over 25 km south of Kywekwe can be seen a prominent fault gap in a major iron formation
ridge 1o the rvight of the road. This is the site of the Hunters Road nickel deposit (Anglo American Corparation),
a major resource of low grade disseminated sulphide mineralization hosted within a very thick komatiire flow
near the base of the 2.7 CGa Upper Greenstones.  Although thoroughly explored and evaluated since i
discovery in the carly 19705, this resource has not beer developed because of present market conditions. Jusi
beyond. to the left of the voad, are the slimes dumps of the old Connemara Mine, a Au-bearing pyritic
replacement deposit in banded iron-formation. Surface oxidized ore is now being exploited in a small open
pittheap leach operation.

Chweru is Zimbabwe 's fourth largest cine 4n important adminisiraiive and communications centre, it is also

the site of Zimbabwe Alloys, the country's second largest ferroalloy smelter.

Berween Gweru and Stunrugwi, the narvow Ghoko Greenstone Belt can be seen far lo the right of the road.
Shurugwi, set in fine scenic country, is ancther former gold-mining town. Well before reaching the town, the
long ridge visible far 1o the left of the road is the major Wanderer iron formation hosting the Wanderer and
Camperdown Mines, which have produced more than 401 of gold between them. Today, Shurugwi is dependent
on chromite mining. The Shurugwi Greenstone Belt conmains some of the oldest rocks in Zimbabwe (3,5 Ga
plus) and has been complexly deformed, principally by thrust and fold tectonics. The chromite ores occur in
a series of pod-like bodies within highly-sheared and -metasomatized ultramafic rocks. Despite their presen:

form, the chromitites and their enclosing rocks are thought 1o be the remains of an intrusive komatiitic sifl

emplaced within the greenstone sequence. The ore bodies are worked from two main underground mines, both
owned by Zimasco, and the entire output is railed 10 the Fwekwe smelter. Chromite has been mined at Sturugwi
continuously since 1906, and, with their high-quality ores and relatively-cheap mining, these deposits have long
been the mainstay of Zimbabwe s chromium indusvy. Ore quality has declined in recent years, and the
remaining resource is limited. On the other side of Shurugwi town, the road follows the steep Wolfshall Pass,
dropping 180m in 3 k. From the top of the pass, the fallowing stratigraphic sequence can be observed in the
road-cutiing. chromitite-bearing ultramafic rocks, 2,7 Ga Wanderer clastic sedimentary rocks and iron

Jormations, and overlving Tibilikwe basalts which terminate the preserved greenstone succession at Shurugwi,

From the foot of the Wolfshall Pass, the road follows the west margin of the Great Dvke (Selukwe Subchamber).
Farther on, the road runs along the base of the P1 layer which, together with its capping of mafic rocks, forms
a prominent vidge along the axis of the Great Dyke. Lavering can be seen in the deeply-weathered pyroxenites
in several road-cuttings. Just north of the Runde River, the road crosses the axis to follow the east side of the
pyroxenite ridge. represented in this area by a series of outliers. Old chromite workings on the upper group
chromitities are located adjacent to the road near the Runde bridge.

Further on, the road runs twrough communal farm land close 10 the east margin of the Great Dvke, heve marked

by a prominent range of hills formed by contact metamorphism of the granite wall-rocks. To the right of the
road is seen flat country of the Ultramafic Sequence near the point where the Selukowe Subchaniber merges with
the Wedza Subchamber 1o the south. Eventually the road leaves the Great Dyke through a gap in the granite
ridge. Between the Great Dvke and Zvishavane, the road passes over granite and the northern extensior: of
the Belingwe Greenstone Belt. The low wooded greenstone hills contrast with the more open, cultivated, granite
terrain.

Zvishavane is another topical mining tovwn, in this case based on world-class asbestos deposits ar Shabanie Mine

(Africa Resources Limited). Chrysotile asbesios has been mined here since 1916 from a series of diserete ore
bodies within a large komatiitic sill (Shabani Ultramafic Complex). The scale of the workings, now mostly
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underground, is shown by the huge waste dumps which dwarf the neighbouring hills.

Days 4 and 5, Friday and Saturday, 26th and 27th Junc
Layering, PGE mineralization and marginal phenomena, Wedza Subchamber
Travel log from Zvishavane 1o Mimosa Mine

Mimosa Mine is about 30 km west of Zvishavane and the mravelling time about 45 minutes, mostly on a bad road. The
main road is followed out of Zvishavane to the west. The adjaceni hills are serpentinites and periodotites of the Shabani
Ultramafic kComp/ex. A narrow strip of granite is crossed and the road then passes over the eastern margin of the
Belingwe Greenstone Belt, which is then traversed almost without break as far as Mimosa Mine. About 10 kan from
Zvishavane. the route s right off the main road onfo a poorly-maintained strip road - one of the few stll in use - whick
it follows 1o the Mimosa Mine numn-off. The Belingwe Greenstone Belt has beconie a classic of mid 1o fare Archacan
geology with spectacular exposures of a basal unconformity, komatiite flows and stromatolites.

With the exception of Stop 2, Davs 4 and 3 are spent entively along the east margin of the Grear Dyke up io 4 km and 5
I north and south of Mimosa Mine, respectively. The topography of the Great Dvke in this part of the Wedza
Subchamber is domiinated by the low central ridge (Wedza North, South and Far South Hills) formed by the Mafic
Sequence and the underlving P1 laver and flanked by low-lying ground of the upper uliramafic units. The contact
metamorphosed granite wall-rocks are topographicaily subdued 1o the east of Mimosa Mine, but the large hill 9 ki 1o
the north marks the southern end of the marginal granite range observed near the end of Day 3. [For locations of
Mimosa Mine and stops on Days 4 and 5, see Figures X10 and X12.]

1. Underground visit, Mimosa Platinum Mine

On arrival at Mimosa Mine there will be a welcoming address by the Mine Manager, Peter Breese, and a short introduction
to the geology and mining operation (geological consultant to Zimasco, Tony Martin).

Principal guide: A. Martin

[The underground tour is designed to show participants six principal features of the mine geology ({footwall bronzitite,
hanging wall websterite, MSZ, washout channel, pegmatoid and hanging wall bronzite-phyric augitite) as well as aspects
of the mining operation. The following arce brief descriptions of the geology to be seen at cach stop. Since the stops may
vary according to available exposure, 1t may not be possible 10 make every stop or to see every detail described here. [A
plan of the underground workings will be provided as a hand-out.]

Stop A. Foorwall bronzitite

The aim of this stop 1s to examine the mineralogy and textures of the bronzitite which forms the footwall lithology of the
MSZ. The principal mineral phase is cumulus bronzite with subordinate amounts of postcumulus plagioclase and augite,
The bronzite forms brown stubby crystals about 2 mm long. Augite oceurs as conspicuous green oikocivsts up to 20 mm
in long dimension. The augite olkocrysts decrease in size and increase in abundance up towards the MSZ which 1s situated
several metres above this position. The plagioclase forms very large oikocrysts but their boundaries are less easy o observe
1n fresh rock.

Stop B. Hanging wall websterite and MSZ

This exposure shows the MSZ and the hanging wall websterite. The websterite consists of cumulus bronzite and augite in
approximate cotectic proportions, plus postcumulus plagiociase olkocrysts. The websterite is readily distinguishable from
the footwall bronzitite by its green colour and by the prismatic habit and layered fabric of the bronzite crystals. The MSZ
straddles the contact between the bronzitite and the websterite. Near the cast margin, this contact is gradational over about
50 cm and difficult to define. Essentially, the gradational contact zone marks the transition in the textural status of augite
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from small postcumulus otkocrysts in the footwall, through abundant interstitial crystals, to full cumulus status at the base
of the websterite. The term ‘transitional bronzitite” is applied to that portion of the contact zone containing abundant
interstitial augite. Near the east margin, the gradational contact zone is often obscured by hydrosilicate alteration.

The MSZ1s visible as a zone of weakly-disseminated sulphides with the highest concentration occurring near the hase of
the websterite. The top of the Pt-bearing zone (PGE subzone) is situated at broadly the same level but canmnot be identificd
by cye. Its approximate position can be demarcated by reference to several visual features: (1) The bronzitite-websterite
contact, (2) the distribution of sulphides. (3) the distribution of hydrosilicate alteration, and (4) the presence of late
magmatic lenses (mamhy quartz, K feldspar),

Stop C. Washout channel

This exposure shows a lens of fine-graned norite and minor anorthosite within the hanging wall websterite. The norite
displays iregular segregations of curnulus plagioclase and bronzite, The contact with the websterite 1z unconformable and
locally interdigitating. The lens is part of a Jurge flat-lving mass of mainly norite overlyving and locally cross-cutung the base
of the webslerite over an clongate area 125 m by 30 m and oriented perpendicular 10 the east margin. In places, up e §.3
m of the uppermost bronzitite and transitiona bronzidie, plus the MSZ, are absent. The orientation and contact relations
strongly suggest the removal of the websterite and upper bronzatite ervstal mush by density currents of plagioclase-rich
miagma. Such washout channels are a feature of this part of the mine and several other examples have been mapped. or are
inferred, nearby. In places. a layer of fine-gramed bronzitite is present at the base of the washouts. Pegmatoids are
frequently developed. particularly at then bases

Stop D, Pegmaroid

In the hanging wall at this stop is a development of pegmatoid marked by coarse crvstals of clinopyroxene, quartz, and
feldspar. The pegmatoid has been traced at the same stratigrapiuc level down dip and appears to be flat-lving and oriented
perpendicular to the east margmn. 1t 1s inferred to underlie a washout channel hidden in the hanging wall. At this stop, the
pegmatoid extends down inito the Pt-bearing zone of the MS7. where it is associated with significant lowering of Pt values.
Sulphide blobs up to 20 mm m diameter are present. These have very low Pt contents, but may be mckeliferous.

Stop E. Bronzite-phyric augitite

This unusual rock, normally found only in the Main Websterite near the east margin, comprises a mass of {ine-grained augite
crystals together with isolated stubby prisms of bronzite up to 10 mum long and partially enclosing augite crystals at their
margins. Almost completely barren, the augitite lenses display sharp contacts and, in some exposures, evidence of stumping
and cross-bedding. In some nstances, the lenses truncate the top of the MSZ. The origin of this rock-type is uncertain but
appears to be a near-marginal phenomenon.

2. Field cxposures, Mimosa area

Principal guide: M. D. Prendergast

[Note that the following programime may be modified according to the time avatlable and the water level in the Mchingwe
Raver]

Stop 1: Interlayered gabbros and websterites, near Blore Shaft portal

This exposure (Fig. X11) illustrates, on a relativelv-small scale, the interdigitating gabbro-websterite contact common in
places near the east margin. Also observed are narrow gabbro lenses and small pegmatoids (or late magmatic lenses) at
the tops of some websterite modal layers. Note too the sharp and locally-uneven contacts and the textural variation within
the websterite. The MSZ and the basc of the Main Websterite lie a few metres below this outerop but are not exposed.
Stop 2: Marginal facies, clromitite Clc (or Cld?).

Exposed m this small working 15 a 50 ecm-thick massive chromitite layer dipping gently towards the west. It is made up of

{ine-grained chromite crystals enclosed by large plates of postcumulus orthopyroxenc formed by reaction of olivine and
trapped liquid. Very minor posicumulus clinopyroxene and plagioclase may also be present. This chromitite layer, either
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Cle or Cld, is typical of the {ine-grained marginal facies of the upper group chromitites, and is most probably continuous
with the more extreme marginal facies chromitite exposed at Days 4 and 5, Stop 6.

Stop 3: Axial facies, (oxidized) MSZ, Wedra Mine, 1926-1928

This pioneering operation was set up by the Grainger brothers (o exploit the surface oxidized portion of the MSZ soon after
its discovery here in the mid-1920s. The ore was mined from long strike trenches by undercutting methods. the focal
topography and flat northerly dip allowing a relatively low waste to ore ratio. Average head grade was claimed to be 4.3
@/t Pty with very Iittle Pd. (This indicates the relatively-high mobility of Pd in the weathering environment: in sulphide ore,
the average Pd/Ptratio is 1:1.3). After crushing and grinding, the sands and slimes were passed over a series of riffled
cement floors, or strakes, about one metre wide and up to 3¢ 11 Jong. constructed down the gentle hill siope. Despiwe much
experimentation, recovery was rarelyv better than 50% as the main Pi-bearing mneral, now known 1o be sperrvlite (PIAs.)
with @ mean gramn diameter of 10 microns, was too fine for efficient gravity concentration, and the mine closed in 1228

Notwithstanding this early failure. the oxidized portion of the MSZ represents a considerable resource of potentially-
recoverable platinum.  Although a Pt concentrate is difficuli to make from such ore by flotation. metallurgical test work
has shown that the Pt can be efliciently recovered by direct smelting in an electric arc {urnace followed by normal treatment
of the [erronickel product. Pad leaching mav be another possible process route.

The old Wedza slimes dumps are to the south of the road with the remains of the old mill plant immediately to the north.
and the opencast workings (now heavily overgrown) just bevond. Remnants of the riffied cement strakes mayv still be seen
as well as a shallow inclined shaft in one of the old surface workings. The oxidized MS7. may be recognised at the entrance
to the shaft with the approximate position of the base of the Main Websierite shown by paint line. Assay profiles of the face
from the hanging wall down to the lower part of the PGE subzone are given in Table X1. Of interest in this axial exposure
of the MSZ is (1) the relatively sharp base of the Main Websterite, (2) the large vertical gap between this contact and the
top of the PGE subzone, and (3) the limited amount of hydrosilicate alteration. These features contrast with those of the
MSZ near the east margin.

The first boreholes to test the MSZ below the oxidized surface zone were drilled in 1966 higher up the slope above the old
Wedza Mine. To the south, the wooded slopes of Wedza South Hill mark the northern limit of the Mimosa platinum deposit.
The low-lying ground in between is made up of harzburgites of Cyclic Unit 1.

Stop 4: Wedza stream section

Stop 4 conststs of a traverse through the upper 60 m of the P1 laver where it is well exposed in a dry stream cuiting (Figs.
X13a, b), and the stratigraphic setting of the MS7. may be examined. These exposures are mostly highly weathered, thus
revealing many lavering featurcs that are not readily cbserved in either borehole core or underground exposures. The stream
section is broadly simular to that intersected in borehole WIS drilled about 1.5 ki to the NNW, and 1llustrates the principal
{eatures of the stratigraphy and the distribution of suiphides in this borehole. The layers dip approximately 15-20° to the
west and the stream bed 1s oriented roughly perpendicular to the strike of the Jower layers, but cuts obliquelv across the
uppermost layvers.

Subunit 3

The outcrop between the road and the stream section shows websterite near the top of Subunit 3 (L.ower Websterite).
Bronzitites of the lower half of Subunit 3 arc exposed at the start of the traverse. Note the Fe-staining and the nodular
structures sumilar to, but not as well developed as. the ‘potato reef” 1 the Darwendale Subchamber. A few metres up-
section {contact masked) is the base of the Subunit 3 websterite. This is the stratigraphic equivalent of the zone of
interlayered bronzitites, transitional bronzitites and websterites in W98, Farther towards the axis. Subunit 3 usually consists
entirely of bronzitite. The upper portion of this subunit exhibits a marked facies varation with mcreasing amounts of
transitional bronzitite and then websterite, towards the margin.

In the Subunit 3 websterite, note the following: (1) Small, more-regular nodular weathering and the larger scale ‘spheroidal
weathering and Fe-staining; (2) minor bronzitite lenses, which, towards the top of the websterite (at ~ 65 m) are associated
with regular rhythnue layering on a scale of about 20 cm; (3) thin uregular pegmatitic stringers containing quartz, K
feldspar, apatite, plagioclase and coarse clinopyroxenc; (4) a sharp fine/coarse grain-size contact at the top of the websterite
(at ~78 m), and (5) massive bronzitite at the top of Subunit 3 with lenses of strong Fe-staining.
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ﬂ ] Table X1. Assay profile, oxidized MSZ, Wedza Mine, 1926-28
- % Ni %Cu g/t Pd git Pt
- Top 0,062 0,067 0,02 0,08
o 0,059 0.064 0,03 0,02
- 0,064 0,076 0,02 0,08
0,068 0.082 0.03 0,12
0,071 0,092 0.03 0,09
0,067 0.067 0.04 0,15
0,184 0,095 0.04 0,10
0,182 0,129 0,05 0,19
0,268 0,176 0,06 0,17
. 0,218 0,161 010 0.24
> 0,157 0,135 0,27 1.25
0.239 0,209 0.53 3,73
0,07} 0,079 0.86 3.07
0,064 0,076 0.86 2,28
0,071 0.080 0.81 1,96
Bottom 0,077 0,077 0,78 1,89
(1) All sample widths 15 cm
(2) Upper dashed line, approx. base of Main Websterite
- (3) Middle dashed line, approx. top of MSZ.
(4) Lower dashed fine, approx. top of PGE subzonc
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Subunit 2

The top of Suburt 3 1s provisionally placed within the upper bronzitite at the point where sulphide mineralization decreases
sharply. Above this, the bronzites in 2 narrow zone at the base of Subunit 2 contain chromite nuclei. Broadhv. this point
coincides with a break in pyroxene and whole-rock chemistry, and, towards the margmn, with the level at which cumulus
augite crystallization ceases. Most of Subunit 2 comprises massive bronzititcs with very minor sulphide mineralization
Note the narrow Fe-stained webslerite laver near the base (at ~95 m) and the steadv decrease in the size of augite oikoerysts
towards the top. .

Subunit ]

The top of Subumit 2 1s marked. in the axis, mostly by a grain-size contact and, near the margin, by a narrow intermittent
layer of websterite or extreme transitional bronzitite. Subunit 1 1s further subdivided into two sublavers. Sublaver 1b at
the base comprises a narrow layer of bronzitite and transitiona! brorizitite and contains the PGE subzone of the MS7.
Sublaver lais made up largely of the thick Main Websterite and may also include lenses of other rock-tvpes fe.g. gabbro
and bronzite-phyric augitites in WOS). Unlike the websterites lower in the sequence, the Main Websterite is rhythmically
layered on a scale of i5-40 cm, and the bronzites tend to be strongly prismatic in habit. Near the margin, the silicates in
the MSZ mvaniably are intenscly altered to a hydrosilicate assemblage. This alteration overlaps the base of sublaver 1b and
affects the bronzitites, but not the extreme transitional bronzitites or websterites, at the top of Subunit 2. Hvdrosilicate
alteration 1s alse developed, to a much lesser extent. in the Main "Websterite. Another conspicuous feature of Subunit | 1s
the presence of numerous, simall, zoned, late magmatic bodies. They are ovoid to linear in form, usually concordant and
related to the layering, and comprise quartz. K feldspar, carbonate and minor plagiociase and clinopyroxene. Usually a
coarse, sulphide-rich, but PGE-poor, pegmatoid occurs at the top of the Main Websterite immedhately below the mafic
contact.

Features to observe are as follows:(1) The alteration zone commencing below the top of Subunit 2 and extending up into
the MSZ; (2) the absence from, or pon-exposure in, this section of the narrow websterite, or extreme transitional bronzitite
laver, which normally marks the top of Subunit 2 near the margin, (the latter, in the traverse log, being extrapolated from
its approximate relative level in nearby borcholes); (3} the MSZ, which, in this section, 1s relatively thin and recognized as
a gossanous zone dipping west parallel to the east stream bank. and its relatively-sharp base exposed in the stream bar (at
207 m), (4) the basc of the Main Websterite, essentially coterminous with the top of the MSZ in this area, and {ollowing
the stream bed for the first 70 m; (5) the Main Websterite with its prismatic bronzites, small, even nodular weathering and
conspicuous rhvthmic layering principally defined in this exposure by alternating pale nodular and non-nodular Fe-stained
zones); {6) the absence, or poor development, of the mafic contact pegmatoid in this section, and (7) the massive norites
at the base of the mafic succession.

The gossans in this area were extensively trenched in the 1920-30s. Average grades are reported as 3,833 g/t Pt+ Pd over
widths of 1-1,235 m along a total combined strike of almost 4 km.

Stop 5: Wedza No. 2 Shaft, 1969-71

Fresh rock specimens may be collected {rom the old waste dump at this siop. Most of the principal rock-types associated
with the MSZ are represented, including the ore itself. Note that not all the sulphide-bearing rock 1s PGE-rich. Some is
well mineralized but PGE-poor websterite from the base of sublaver 1a. The best visual guides to ore here are the presence
of sulphide mineralization, plus stubby (as opposed to prismatic) bronzites, usually intense hvdrosilicate alteration, and,
possibly, very small augite oikocrysts.

‘The Wedza No. 2 Shait was the first attempt at runing and processing the MSZ below the weathered surface zone anywhere
in the Great Dyvke. Ore was mined from two experimental stopes at & vertical depth of 107 m. Flotation and smelting were
carried out on site, the principal metals being extracted from the resulting converter matte elsewhere.  This prospect
established the technical feasibility of mining the MSZ and the recovery of the precious metals.

Also at this stop can be seen blocks of mined rock with a very narrow, fine-grained chromitite taver. This is the uppermost

chromite concentration known in the Great Dyke and came from the base of a norite-filled washout channel cutting
bronzitites beneath the MSZ at the north end of these workings.
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Stop 6: Marginal facies, Unit 1 harburgite-chromitite association

The rocks in this and nearby stream exposures (IFig. X14) comprise olivine-bronzitites and bronzitites, together with several
thin chromitic harzburgite lavers. The stream is almost parallel (o strike and the rock sequence dips 26° west. The main
chromitic harzburgite 1s a lavered, bifurcating zone of chromite-rich feldspathic harzburgite. In places. the zone is 50 ¢cm
thick, comprising at least three chromite-rich layers separated by feldspathic, pegmatitic lavers. Near the north end, the
zone 1s represented by a single layer up to 20 cm thick, locally with small-scale undulations. Each chromite-rich laver has
a sharp top and base, and a zone of disseminated chromite and olivine (decreasing upwards) 1s present up to 10 em above
the top. The textures and mincralogy show that the chromite-rich lavers formed as feldspathie, clinopvroxene-bearing
olivine-chromite cumulates. The olivine has largely reacted to orthopyroxenc, forming small nodules of finc-grained
chromite surrounded by patches of shghtlv-coarser chromite At the south end of the exposure, a 20 cm-thick
olivine-orthopyroxene reaction zone oceurs inunediately below the main chromitic harzburgite.

‘The footwall rocks beneath the main chromitic harzburgite consist of two distinet facies of feldspathic bronzitite. At the
north end of the exposure, the rock 1s a medium-grained olivine-bearmg bronzitite and contains several. sometimes
bifurcating, chromitic harzburgite lavers 1-5 em thick. The olivine content progressively decreases southwards, and in the
southern half of the exposure, the footwall rock is an olivine-frec, medium-grained. crudelv-lavered bronzitite with no
chromitic harzburgite lavers.

Above the main chromitic harzburgite 1s a laver of relatively fine-grained feldspathic bronzitite with small augite oikocrvsts.
In places. the bronzite is prismatic to acicular in habit and both the bronzite crvstals and the augite oikocrvsts may show
a lineation fabric perpendicular to the margin of the Great Dyke. Elsewhere, especially near the south end, the bronzitite
is shghtly coarser grained with a higher proportion of plagioclase and no pyroxene fabric, and is associated with uregular
to ovold pegmatitic zones up to 2,5 m fong. Near the top of the hanging wall bronzitite is a rare chromitite lens 3 em thick
and 20 em long. The hanging wall bronztite is overlain along a sharp contact by an olivine bronzitite.

Both the hanging- and footwall bronzitites are associated with Fe- and Cu-stained gossans. The hanging wall gossans are
up to 4 m thick and more continuous than the footwall gossans which are lenticular in form and restricted to the olivine-
bearing facies of the footwall bronzitites. The strongest gossans contain significant Pd and Pt with a mean Pd/Ptratio of
1:0.48 (Table X2). (In view of the high mobility of Pd in the weathering environment indicated at Days 4 and 5, Stop 3,
thesc sulphides evidently had a much higher Pd/P1t ratio than the MSZ higher 1n the sequence; sec also Days 4 and 5, Stop
9). Parts of the exposed scquence are intruded by narrow irregular pegmatitic dykes containing quartz, K feldspar, apatite,
plagioclase and coarse clinopyroxene crystals.

The main chromitic harzburgite 1s again exposed in the stream bed 100 m to the south. Here, it consists of a single layer
with a relatively low chromite content and appears to lens out further to the south. The hanging wall rock 1s a gossan-free
olivine bronzitite (containing at least one minor chromitic harzburgite laver) which grades into bronzitite as the ohivine
content decreases upwards. Below the main chromitic harzburgite. the footwall rock is a relatively fine-gramed feldspathic
bronzitite with no chromite, olivine or gossans. The bronzitite extends eastwards to within 90 m of the granite contact, the
bronzite becoming progressively more prismatic and ortented perpendicular to the margin.

Significant features of these exposures are the rapid facies varations along strike and the occurrence of abundant cumulus
orthopyroxenc In association with chromite-rich cumulates. It 1s considered that these rocks represent a marginal facies of
the harzburgite-chromitite assoctation of Unit 1 which can be traced to the north progressively farther in from the margin
{e.g. Days 4 and 5, Stop 2). If this correlation is correct, these exposures illustrate several aspects of the possible behaviour
of some of the Great Dyke lavers as they approach the margins. Tirst, the cumulus gram-size becomes progressively finer
towards the margin. Second, near the margins, the harzburgite lavers of Unit 1 appear to grade sequentially into, initially,
olivine bronzitite, then bronzitite. Effectively, the structural level a: which bronzite appears on the liquidus is progressively
lowered towards the margins.

Stop 7: Border Group

An oulcrop of {inc-grained bronzite crescumulate (or ‘perpendicular pyroxene rock’) hes within 5-10 m of the granite
contact (note the sandy soil nearby), and forms part of the Border Group of the Great Dyke. Traces of layering on a scale
of 10-20 cm are visible dipping 30-40° west. Prominent features are the highly-acicular bronzites (up to 10 mm long), and
ther marked lineation fabnic. Generally, the lineation lies sub-parallel to the plane of the layering and perpendicular to the
margin. In places, the lincation is sinuous and locally may become completely disoriented. The variation in fabric may be
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E and Cu assays, see Tuble X2.
Table X2. Assays of grab samples of gossans, marginal facies of the Unit 1 harzburgite-chromitite association
%Ni1 %Cu g/t Pd g/t Pt
. Kl 0,021 0,017 0,08 0,09
) K2 0,056 0,046 0,32 0,25
K3 0,039 0,076 0,38 0,21
K4 0,051 0,080 0,47 0,32
K5 0,045 0,101 0,91 0,23
K13 0,040 0,270 0,83 0,02
Ki4 0,030 0,050 0,61 0,02
ik For sample positions, see Figure X 14
"2
wﬁ
3
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confined to specific layers. Augite 1s a relatively minor interstitial postcumulus phase and does not form oikocrysts.
Similarly, postcumulus plagioclase occurs as rather small poikilitic crystals and is, in places, almost interstitial. Quartz,
K feldspar, pargasitic hornblende, phlogopite. apatite and sphenc are also present in significant proportions.

Stop 8: Marginal facies, Unit 2 harzburgite-pyroxenite association

This bronzitite exposure lies approximately 125 miin from the gramite contact. In contrast to the Border Group bronzitite,
i this rock the fine~grained bronzite crvstals form small stubby prisms with poorly-defined fabric and postcumulus augite
occurs as both small slightly-aligned otkocrvsts and as interstitial grains.  This rock 1s identical to. and probably a
continuation of, the lowest footwall bronzitite exposed in the stream bed south of Days 4 and 3, Stop 6. Structurally, these
rocks arc cquivalent to the P2 pyroxenile laver. It seems possible that, close to the BBorder Group, the pvroxenite-
harzburgite association of Unit 2 grades into a fine-grained pyroxenite which is vertically contimuous with the overlying
pyroxenite at the base of Unit 1.

Stop 9: Mchingwe River section

The road brndge crosses the Mchingwe River near the eastern margin of the quartz gabbro in the central part of the Wedza
Subcharmber. This section has been down-faulted by several hundred mietres with a horizontal displacement of nearly 4 km.
The confinement of the quartz gabbro to this down-faulted block 1s particularly striking. The lack of quartz gabbro in the
Mafic Sequence elsewhere in the Wedza Subchamber, and in all other subchambers, may indicate that the block-faulting
was mitiated soon after the emplacement of the magma with continued movement through to the postmagmatic stage.
Significant interaction of the magma and wall/roof-rocks is postulated for this section.

The quartz gabbro is exposed for several hundred metres to the east of the Mchingwe River bridge and is underlain by the
pyroxenites of Unut | of the Ultramafic Scquence. Several hundred metres beyond the mafic-ultramafic contact, rocks of
the Border Group and their contact with granite wall-rocks have been recorded at low water level and will be examined,
river conditions permitting.

Quartz gabbro and mafic-ultramafic contact (Fig. X154)

The rocks i the Mchingive River are coarse-grained quartz gabbros. Orthopyroxene is either absent or occurs as a minor
constituent. The augite 1s characteristically mantled and partly replaced by pale green amphibole and tremolite. The
plagioclase 1s uregular in form, strongly zoned and commonly altered and saussuritized. Elongate crystals of augite are
strongly deformed and fractured in some rocks, but this deformation does not continue mnto the surrounding plagioclase
crystals or the matrix. The matrix comprises optically-continuous quartz partly enclosing the cumulus minerals, with minor
phlogopite, sulphide and magnetite. The pyroxenes are relatively magnesian.

In the vicinity of the contact with the pyroxenite, a complex association of gabbroic rocks is well exposed on a river
pavement. The irregular nature of the contact with the underlying websterite is demonstrated in the outcrop. Effectively,
several lavers of differing mafic rocks are exposed which range from fine-grained metagabrro to coarse gabbroic
pegmatoids. Heterogeneity within the various rock-types is also apparent. The coarser-grained varieties show large
individual crystals of quartz commonly in reaction relationship with the matrix. Some of ithese grains may be xenocrysts
from the granitic wall/roof-rocks. The significance of the quartz gabbros is that these rocks crvstallized in close proximity
to the granitic roof-rocks and essentially represent the results of downward crystailization from a hybrid magma rather than
extreme fractionation of a mafic magma (Fig. X15C),

The underlving websterite crops out on the pavement as irregularly-shaped inliers in the quartz gabbro but also occurs as
narrow (generally less than one metre wide) linear bodies. The websterite comprises cuhedral to subhedral crystals of
cumulus augite and bronzite set in a matrix of large poikilitic plagioclase crystals and quartz. The quartz commonly occurs
as a granophyric mtergrowth with K feldspar giving rise (o the high K,0(>0,50%) content of these rocks. Minor phases
in the matrix consist of amphibole (commonly replacing the augite), phlogopite, magnetite and sulphide.

An exposure on the pavement to the south of the permanent pools shows a layer of websterite sandwiched between layers
of fine-grained gabbroic rocks. A pegmatoidal zone occurs on the upper contact of the websterite layer,
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Fig. XI5 Detailed geological maps of portions of the Mchingwe River, east part of the Mchingwe fault block (Days 4 and 5,

Stop 9). A: The contact zone between the websterite and the quartz gabbros. B: The marginal Border Group and the
granitic walfl rock contact. C: Hypothetical transverse section of the east part of the Mchingwe fault block.
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Border Group (Fig. X15B)

Approximately 400 m down stream from the mafic-ultramafic contact is a sequence of rocks representing the Border
Group. This sequence 1s classified broadly into two parts: (1) A hybrid zone 5-10 m in width consisting of feldspathic
pyroxenite and norite/gabbronorite closest to the granite contact. and (2) an inner zone of bronzitites characterized by
elongate pyroxcnes aligned perpendicular to the wall. In the norite closest to the granitic wall, the orthopyroxene and
plagioclasc laths are strongly zoned and are contained in a matrix of quartz (commonly as granophyric intergrowths with
K feldspar), primary amphibole, phlogopite, sulphide and magnetite.

Farther in from the granite contact, but still within the hybrid zone, clinopyroxene becomes more abundant, orthopyroxene
is less strongly zoned and the rock-type becomes coarser grained. The mesostasis is also modally less abundant. Coarsce
sulphide segregations are found towards the inner part of this zone.

The inner part of the Border Group 1s characterized by highly-elongate (5-15 mm) orthopyroxene crystals aligned
perpendicular to thie wall rocks. The rock-type is essentially a feldspathic bronzitite and may be described as a bronzite
crescumulate. The zone between the crescumulate and the hybrid rock-types comprises a bronzitite with stubby and
interJocking orthopyroxene crystals tending towards an adcumulate. Pyrrhotite and chalcopyrite are abundant in the latter
rock-type but these rocks do not carry significant PGE mineralization (0,09%Ni1, 0,16%Cu, 0,31g/t d, 0,20 g/t Pt and 0,09
g/t Au).
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