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a b s t r a c t

Rockt. j?  (jegmatitic grain size were studied in the Befokeng 
Leasehold area, Western Transvaal. These include pegmatoj d nodules 
of pyroxenitic end noritic composition, late pegmatoide of ultramafxc 

composition and salic pegmatites of tonalitic and granitic compo­

sition. Twenty nine new chemical analyses are presented. The 
mineralogy, mode of emplacement and formation of the different pegma- 
toids and pegmatites are considered. Pegmatoid nodules have similar 
mineralogy and chemistry with the overlying Merensky •Reef and the 
underlying pegmatoid pyroxanite which is found associated with the 
UG 2 chromitite layer. The nodules would explain the absence of a 

Pseudo 'Reef at the Safokeng Mine. On account of this and their 
mineralogy and shape, the nodules are considered to have formed 
during the breaking-up of a pyroxanite layer produced by movements 

within the magma chamber. The presence of depressions associated 

with the Merensky 'Reef together with disordered layers in the 

Critical Zone is taken as further evidence of magma movements.
Late ultramafic pegmatoide show total iron contents up tn IB 

weight per cent. The high iron content is reflect id in the composi­
tions of silicate and oxide minerals found in the Late ultramafic peg- 
matoida. At the Merensky 'Reef elevation two generations of sul­

phides were found within the Late ultramafic pegmatoide. One is 
replaced by magnetite and the second generation is found filling cracks 

in the magnetite. Relative to the layered rocks Late ultramafic 
pegmatoide show enrichment in Ke, Ti and depletion in alkalis. Relics 
of layered rocks in the form of partially resorbed orthopyroxenes, ere 

found within Late ultramafic pegmatoide. In these instances a minor 
reaction relationship between layered rocks and Late ultramafic Pegma­

toide is indicated.
Sometimes olivine is introduced to the layered rock when in Juxta­

position with the Late ultramafic pegmatoide. These olivines are 

usually rich in Mg (Fo 71 - 85) whereas olivine within the ultramafic 

pegmatoid are generally Fe-rich varying between t o 38 - r’ ̂ • 1 lne
grained phases of the Late ultramafic pegmotoid develop in Joints and 
along contacts with layered rock, olivine within fine-grained phases 

have Fo contents between 56 - 73.

/ V



The mode of emplacement of the Late ultramafic peqmatolda, along 
joints and parallel to layering suggest that pressure wan en important 

factor in their genesis. The origin of Late ultr^mafic pegmetoio* is 
discussed emphasizing the importance of the origin of the iron, 
several possibilities are presented, and it i'i considered that an 
interstratified magma origin is likely to oe the oririn of Late ultra- 

mafic pegmatoids. Water end iron-rich undersaturatr-d fluids in 
equilibrium with this magma could account for several features ob­

served.
Tonalitic pegmatites show a preference to occur in pyroxenite 

layers. Since pyroxenite layers are in many instances mesocumulatea, 
and since tonalitic pegmatites are often more abundant within depres­

sions in the Merensky 'Reef than elsewhere, a segregations! origin is 

tentatively suggested for tonalitic pegmatites.
Grpnitic pegmatites which very often transgress Late ultramafic 

pegmatoids remain to be more thoroughly studied.
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I - INTRODUCTION

The Bafokeng Leasehold area is situated in the western portion of 

the Bushvtld basin 10 km NNW of the town of Rustenburg in the Western 
Transvaal (Fig. l). At the commencement of this work, the Bafokeng 

Mine occupied the whole of the lease area which on account of its 
mining extension was subsequently divided into three different mines: 
Bafokeng North, Bafokeng South and Wildebeeetfontein. As this work 

was nearly completed when the subdivision took place, this partition 
is not considered, and the whole of the lease area is referred to as 

the Bafokeng Mine (Fig. 1).
Rocks of the Bushveld Complex underlie the entire terrain held 

by the mine producing a flat topography, which is interrupted by 
hortonolite dunite and magnetite pipes which form 20 to 30m high hills. 

Outside this area, towards the northeast, rocks of gabbroic compo­
sition form the pyramid hills. To the southwest the Magalieeberg 
Quartzites dip to the north and form the floor rocks to the intrusion. 

To the north, the nearly circular Pilanesberg alkaline Complex cuts 
through the Bushveld Comple: forming a prominent mountain rising 

approximately 400m above th surrounding plain.
The vegetation on the tiarokeng Mine property consists mainly of 

grass lands. Thorn bush is generally sparse but dense growth does, in 

places, prevent crop farming. The drainage pattern is dominated by 

the Magataspruit which flows to the north, and la a non-perennial 
direct tributary of the Elands River. Black soil which is composed 

of clays produced by 'he weathering of mafic Bushveld rocks covers 
most of the area. Red sandy soil derived from the Magaliesberg Quart- 

zite is present in the vicinity of the Magataspruit. The slow rate 
of percolation makes the black soil a sticky clay in the rainy season.

At the Bafokeng Mine the Merensky 'Reef ia mined for its 
Platinum Group Metals content. The composite layered Merensky 'Reef 

occurs within the Bushveld Complex and has an average dip of ten 

degrees in a northeasterly direction, and suboutcrope under approx­
imately 3m of black soil for a strike length of 12,5 km (Fig. 10).

The main subject of this thesis is a petrochemical study of the 

Late ultramafic pegmatoids, their mode of emplacement and genesis; 
however other pegmatoids and salic pegmatites were also studied.

The use of the term pegmatoid has been governed by the following



considerations. Pegmetoid. in contrast to pegmatite, has been defined 
by Rice (1963, p.298) as "a term suggested to denote very coarse­

grained facies of igneous rocks having a pegmatite-habit, but differing 
*rom pegmatite proper by the absence of graphic texture". According 
to Rice (ibid. P.297) pegmatite is a term "applied to graphic-granite, 

and extended to coarse-grained modifications of granite characterized 
by irregular segregation of particular minerals rather than by inter­
penetration". However, the term pegmatite has also been applied to 
other igneous rocks whose names are used as a prefix, e.g. gabbrolc 

pegmatites (Thayer, 1967, p.2,8), hornblende-plagioclese pegmatites 
rvine, 1 9 6 7, p.92). Cameron and De.borough (1964, p. 197) applied 

tne term pegmatite to rocks of dunl.ic and pyroxenitic composition.
author is of the opinion that the terms pegmetoid and pegmatite 

are best defined according to the terminology given by Rice (op. c t.)

At the Safokeng Mine the layered rocks show the development of 
several pegmetoid layers, pegmetoid nodules and lenses. Pyroxenitic 
and noritic nodules are contained in an anortho.ite layer which has 

oeen named the 'anorthosite containing nodules' end henceforth will 
be abbreviated to a.c.n. Sometime, the advanced state of alteration 
of the nodules, made the determination of mineral compositions by 
optical methods difficult. Pegmatoid pyroxenite lenses, were only 
briefly studied, mainly because of their sparse occurrence. In 

addition to these pegmatoids, Late ultramafic pegmatoid, are abundant 
on the iafokeng Leasehold area, and show conformable but mainly 

transgreesive relationships to the layered rocks. The main problem 

to be resolved was to compare and contrast the chemistry and mineralogy 

' tn® Late ultramafic pegmatoids with that of the layered rocks. At 
times the limits of error of the determinative methods made it diffi­
cult to establish real end apparent differences. In these cases more 

than one determinative method was used. Mapping of the Late ultramafic 
pegmatoids was limited to those which outcrops in the Bafokeng Lease 
area. A compilation of date from the geological sheet No. 4 

(Von Backetrtim et al., i960) and internal reports (Union Corporation

Limited, together with the relevant work from both sources is presen­
ted in Fig. IQ.

„r.»iou. ,ork on th, L.t. ultr.maflc o.qm.told, ln th. R„.t.nburg

ar”  <l0n8 Wa9ner ( m ’> •"« Co.rtz. (1969) ..on, oth.r .uthor.. 
-oortzo (Ibid. 0.15) atrs.so. th. ..nocl.tion of n.gnotlt. with 

hortonollt. dunit. end dl.ll.g. o.gm.tit. in eompo.it. p l p . - U k .



bodies, and remarks that although they may occur in any rock unit, 
most of them are found in the ferrogabbro (Fig. l). This is especially 
true north of the Pilaneaberg alkaline Complex where approximately 
thirty occurrences are found within the ferrogabbro of the Upper Zone. 

1 hia relationship ia however not evident southeast of the Pilaneaberg, 
where only two pipes outcrop in the ferrogabbro and almost forty occur 

between the Kerensky 'Reef' and the lower magnetite layer, that ia to 
say in the Main Zone. Cameron and Deaborough (1964) have studied 

Late ultramafic pegmatoids in the Critical Zone of the Eastern Trans­
vaal, and proposed a metaaomatic re-arrangement of material within 
the Bushveld rocks to explain their origin. Ferguson and McCarthy 
(1969) describe a forcefully emplaced ultramafic pipe, which empha­

sises the different modes of occurrence of the Late ultramafic 

pegmatoids.
The pegmatites found at the Bafokeng Leasehold area have a salic 

nature being of tonalitic and granitic composition. Tonal i i c  pegma- 
•. tes are contained mainly in pyroxenitic layers, anc occur as vein- 
ets rarely transgressing individual layers. Granii c pegmatites 

which transgress both the layered rocks and Late ultramafic pegmatoids, 
ware difficult to study mainly due to the aparseness of outcrop and 
underground exposures. The coarsely crystalline nature * all the 
rocks studied caused difficulty in obtaining representative specimens; 
this problem was partially resolved by cutting numerous sections.
Moat of the work done during 1971-1972, while the author was a member 

of the geological staff of Bafokeng Mine. After sampling and mapping 

were completed, laboratory work was undertaken during the latter 
part of 1972 and early 1973, at the University of the Witwatererand.



I I  -  THE l aye: red rocks

The Plutonic Phase of the Bushveld Complex comprises rocks which 
are markedly layered and late pegmatoida and pegmatites. The grouping 

of the rocks representing the Plutonic Phase has been taken from a 
preliminary report of the South African Committee for Stratigraphy .
From the base upwards the layered rocks have been divided into

Marginal, Basel, Critical, Main and Upper Zones. The whole succession 
of rhythmically and cryptically layered rocks form the Plutonic Phase 
(Fig. 2 ), portions of it are referred to, throughout this thesis, as
the layered rocks. A cumulate terminology is used throughout the

paper (Wager and Brown, 1768).
To introduce thd unacquainted reader to the Layered Rocks of the

Plutonic Phase of the B u s h -eld Complex, figure 2,was modified from
Wager and Brown (1968, r .351). Wager and Brown (op.cit.) state that
this data is "based on traverses chiefIv in the eastern part" of the

mineral
Bushveld Complex. In figure 2, cumulus compositions are indicated 

in full lines. iro, en lines indicate the compositions of the inter- 

cumulus minerals. Tre first appearance of a cumulus phase is also 
indicated (e.g. Pig*). The olivine^ r ‘ in parenthesis refers to 
its occurrence in the West rn Bushveld.

The portion of the layered rocks suboutcroppinq in the Bafokeng 
Mine extends from a distance which varies between 0 to 100m below the 
Merensky 1 Reef1, to approximately 900m (true thickness) vertically 

above it (Fig. 3). However, drilling has facilitated exploration to 

approximately 650m vertically below the Merensky 'Reef. The layering 
dips at 10° to the north.

According to the South African Committee for Stratigraphy (Working 

Group Bushveld Igneous Complex) the first appearance of chromitite 

layers associated with pyroxenite marks the base of the Critical Zone
e.'.d the Merensky 'Reef' forms the base of the overlying Main Zone.

In the Western Transvaal the main chromitite layers which occur in 

the Critical Zone have been subdivided into three groups by Cousins 
and Fsringa (1964, pp. 183-202). The upper group (UG) comprises

*Tho South A risen Committee for Stratigraphy. Interim report 
by the Working Group of the"Bushveld Igneous Complex".
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F I

FIG. 2. The cryptic layering in the Plutonic phase of the 
Bushveld Complex (modified after Wcgpr end Brown,
1968). *
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tiuo chromitite layers, the UG 1 and overlying UG 2, figure 3, which 
at fiaf okeng occur from 100 to 150m below the M e m n  ky •Reef*. The 

middle group >M G ) comprises four chromitite layers and the lower 

group lLG) seven chromitite layers; which are found between 320-380m 

and 420-620m, respectively, below the Mereneky 'Reef1. At Oafokeng 

tno section most readily available for study is that which comprises 
tne top 100m of the Critical Zone and the bottom 50m of the Main Zone, 
“ver this 150m interval five cumulus phases are present; plagioclaee, 

orthopyroxene, chromite and sporadically olivine ant, clinopyroxene.
The rock types produced by accumulation in this interval have binn 

described by Wager and Brown (1968, p.368) who reinterorat the data 
presented by feringu (1959). f erings grouped the rock types into 
eight subzones; Wager and Brown (op.cit.) on the basis of repeated 
cumulus cycles, named each of these repetitions a macrorhythmic 
unit (M.R.U. . Each M.R.U. is, in fact, comprised of a lower part 
formed by cumulus chromite and orthopyroxene with plagioclaee, clino­
pyroxene, and less commonly olivine. A gradation in which plagioclese 

increases mainly at the expense of orthopyroxene results in anortho- 
sitic rocks towards the upper part of each M.R.U.

At 3afokeng the UG 1 chromitite lever is overlain by orthopyro*ene, 
ana plagioclaee orthopyroxene cumulates. This sequence of cumulates 
forms the UG 1 h.R.U. vfig. ?)• The uppermost chromitite lever, 
together with the pegmatoid pyroxenits which in pl&r^ nderlies it, 

forms the base of the UG 2 M.R.U., and grades up** rthopyroxens,
and plagioclase cumulates, before giving way to :e in which

plagioclasa orthopyroxene cumulates are predoml* This sequence
generally extends to approximately 25 to 30m below the Meransky 'Reef*.

Above this sequence Wager and Brown (op.cit.) have defined the 
Joeudo 1 Reef1 M.R.U, The Pseudo 'Reef, which has been described by 

* eringa (op.cit., p.222) is a pyroxanitlc sometimes peqmatoid layer 
which forms the base of the Peeudo 'Reef M.R.U. According to Van Zyl 

(1969) on the farm "Swartklip 988" Rustenburg District, the Psoudo 

'Reef' is 3m thick. At Bafokeng, peqmatoid pyroxsnite nodules con­
tained in an anorthoeitic layer (a.c.n.) form the base of the Pseudo 

1Roaf1 M.R.U. The sequence between the nodules and the Mereneky 

1 e c f  is composed of layers which have plagioclaee as the main 
cu ulus phase, although occasionally orthopyroxene is the predominant 
cumulus material. Between the Mereneky 'Reef and the pyroxenits 

nodules several complexities were observed in the layering. Layers
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G . 3. Sections showing the layered rocks at the Bafol-reng
Leasehold area, and its subdivision into macrorhythmic 
units. Kerensky 'Reef taken as datum.
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which grade upwards from pyroxenite to anorthosite, also grade late­
rally from pyroxenite to norite, and therefore contacts between under­

lying anorthosite cumulates and overlying noritic ones, are sometimes 

produced without a pyroxenitic cumulate being developed. A more marked 
example of the complexities and also of the short duration of the 
rhythmic episodes is seen in a 0,4 to 0 ,8m layer which underlies the 
Merensky 'Reef throughout the mine. This layer shows a transition 

between orthopyroxene cumulate, in the lower portion, to plaqioclase 
mesocumulate in the uppor portion.

In the section between tne Merensky ’R e e f  M.R.U., and the 
uppermost chromitite layer of the UG 2 M.R.U., thinning of some layers 
takes place towards the northwest.

The Merensky 'Reef M.R.U. is perhaps the beat example of the 
graoation between cumulates which defines a M.R.U.; this gradation 

is produced by an increase upwards in the proportion of the cumulus 
plagioclase at the expense of uumulua orthopyroxene, until the latter, 
at the top of this M.R.U., occurs only as an intercumulus phase. The 

roc* types produced are pyroxenitic at the bottom of this M.R.U. and 
anorthositic at the top. The Merensky 'Reef is composed of various 
layers, the rock types are essentially orthopyroxene chromite and 

chromite cumulates, with minor amounts of plagioclase, clinopyroxene 
and olivine. Both plagioclase a d clinopyroxene occasionally attain 
cumulus status within the Merensky 'Reef'. It must be stressed that 

the feldspar content varies both laterally and vertically, end in 
many instances the rock is described as feldepathic pyroxenite.
Trace amounts of mica and tremolitic emphibols, are also found within 
the Merensky ' R e e f . The pyroxenitic portion of the Merensky 'Reef 

varies in thickness between 0,7 and 3,0m may or may not develop into 

a peg ma to id layer. At Bafokenq both pyroxenitic or pegmatoid lays’, a 
ray form the basal portion of the Merensky 'Reef. The thickness of 

the pegmatoid pyroxenite is very variable, usually being thicker 

witnin depressions. Cumulus chvomite usually forms e 10mm thick 
chromitite layer within the Merensky 'Reef, but examples of three 

chromitite layers ore reported from the Ruetenburq Platinum Mine 

(Liebenberg 1969, fig. 45, p.182). The chromitite layer can be found 
at the bottom of the Merensky 'Reef separating the Merensky 'R •ef 

from its immediate anorthositic footwall or, if a pegmatoid layer has 

developed, it can be situated at variable distances above the contact 

between the pegmatoidal pyroxenite layer and its immediate enortho-



aitic footwall. In addition to this, the chromitite layer foun1 at 
the bottom of the 'tarenaky 'Reef, may bifurcate and anastomose 
enclosing a pegmatoldal portion above which the pyroxenita is developed. 
When the chromitite layer is resting upon anorthositic or noritic 
footwall, a sharp and well defined contact exists. However, its out­
line sometimes shows irregularities or 1 dimples', as they are termed 
by Cousins (1964, p.232). When the chromitite layer is resting against 
thj pagmatoid layer of the Mereneky 'Reef, scattered chromite crystals 

may sometimes form an 1 mm layer at the contact between the pagmatoid 

pyroxenita layer and its immediate „northositic footwall. The mine­
ralogy of the chromitite layer has previously been described by 
Schmidt (1952). It consists of euhedral chromite crystals, which are 

included in poikilitic plagioclase, diallage and orthopyroxone anhedra.
Above this M.R.U., the Bastard Meronsky 'Reef1 pyroxenite (B.M.R.) 

forms the base of the last M.R.U. ; progressing upwards noritic and 

anorthositic cumulates complete the Bastard Merensky 'Reef' M.R.U.

Above the B.M.R. M.R.U. there is a gradation to a sequence of cumulates 
in which the layering is poorly developed, but is nevertheless present, 

from about 70m to about 900m above the Merensky 'Reef the predominant 
rock ty;e is a gabbroic cumulate, which is occasionally interrupted by 
anorthositic Cumulates.

A. Structurns

The layered rocks between the top chromitite layer, the UG 2, and 
the B.M.R., has received special attention in connection with depres­

sions, or 'pot-holes' as they nave been called by Feringa and Cousins 
(1963). Ferguson and Botha (1963, p.268) have called them circular 
depressions. Henceforth these structures will be referred to as 
depressions, mainly because of their tendency to coalesce and change 
shape with depth so that they do not always warrant the adjective 
circular. According to Ferguson and Botha (op.cit.) depressions may 

vary between 1 end 26m in depth, end attain a maximum diameter of 

600m. The layering of tho rocks is truncated by the depressions but 
remains otherwise undisturbed. Within depressions the layering of the 

rocks roughly conforms the outline of the depression. Moat obser­

vations concerning depressions were made in the vicinity of the 
Merensky 'Reef resulting from the abundance of exposures opened up 

by mining operations, however depressions in the chromitite layers 

have been observed by Fourie (1959, pp.80-9), and Cogsins and 

Feringa (1964, p.195), and depressions in the B.M.R. have been
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reported by Feringa and Cousins (1963, p.280). Structures other 

than depressions, affecting the Merensky 'Reef and its immediate

o. 'all were found in the 5 Shaft area, and are described in connection 
with a transgressing ultramafic pegmatoid. Transgressions of email 
(0,15m) mushroom shaped pods of cnorthosite into overlying norite 
cumulates, and bigger (4 to 5m), transgibcslve anorthosite bodies were 
occasionally found.

B. Mineralogy

The object of the study of the different minerals in the layered
rocks was to be able to compare their composition with similar

minerals within Late ultramafic pegmatoids at the same elevation. The
do^ n ion Qi ithods used in obtaining the compositio.is of the

minerals is given in Appendix I.

1« ^logioclases. Plagioclaee samples from the layered 
rocks were mainly collected from anorthositic cumulates because they 
are the more abundant host rock for Late ultramafic pegmatoids.

ihe zoned nature of cumulus plagioclase, reported by Wager and 
Brown (1968) and Ferguson and Wright (1969), was confirmed. Reversed 
zoning was found approx -!y 20m below the Merensky 'Reef. In the

only measurement ohta-i e plagioclase in the core analysed An 76,
and the margin An HO.

according to Van Zyl (1969), plagioclase compositions show distinct 
changes in the An content upwards from the UC 1 chromitite to the

d.h.R. hese changes displace the plagioclase chemistry towards more
calcic compositions. Tnest changes weis not studied in detail, but 
ihtarcumulua plagicclase from the Merensky 'Reof1 and cumulus plagio- 
class from its immediate mainly anorthositic footwall were analysed 
wii.h the following results; An 6 7, and An 65 per cent respectively.

Intercumulus pi gioclase within the Merensky 'Reef was analysed 
by X-ray diffractometry in three different localities (Table 1).

'Bvara-. analyses, made of pit 1 oclase by X-ray diffrectomptry 

rom rocks in the Main Zone showed a steady An enrichment from 72,3 

por cant at a distance of 34m above the Merensky ’R e e f ,  to a value of 

75,8 por cent at a heignt of 690m above this marker, A similar pattern 

°r enrichment was obtained from boreholes 680 and 681. This is in 
agreement, with the data of Ferguson and Wright (1969, p.64), vho



ahcwed an increase in An with differentiation for the plagioc. ' of 

the Western Buohveld immediately above the Kerensky ' 'ieef'.

Table 1. Anorthite content of intercumulus plagioclaae within the 
Merenaky 'Reef'. X-ray diffractometry.

An content of
Locality intercumulus Rock type

plagioclaae

287 Raise 67 Undisturbed Merensky 'Reef

264A Raise 70 Merenaky 'Reef within a 3m
deep depression

240 Raise 73 Merenaky 'Reef1 within a 4m
deep depression

Ten samples analysed by X-ray diffractometry were checked by 

X-ray fluorescence. The vertical distance was from 180m below the 
Meransky 'Reef to approximately 690m above it, plagioclaee samples 

analysed by X-ray fluorescence showed An contents between 73 a ui 02 

per cent respectively (Fig. 4). The differences obtained by both 
methods are discussed in Appendix I. Results obtainsd by X-ray fluo­
rescence showed higher (9 per cent) An contents for the same samples 

than when analysed by X-ray diffractometry (Fig. 4).

2. Orthoovroxenes. Orthopyroxenes and plagioclaae, ere the 

commonest cumulus mineral found at the top of the Critical Zone and 
lower portion of the Main Zone. Clinopyroxene exeolvee along clea­
vages and partings in orthupyroxene. In borehole 989, ax. a distance 

of 5m above the B.M.R., orthopyroxenes are i'.torgrown with clino- 
p/roxenes, additionally up to three sets of clinopyroxene exsolution 

lamellae occur in the orthopyroxene grain (Photo l). One set of 
exsolution lamellae is orientated parallel to the (100) plane of toe 

orthopyroxene, the other two sets are orientated parallel to 0 1 0 .
Van Zyl (1969, p.96) jcords four chemicol breaks which are re­

flected in the composition of orthopyroxenee at the top of the Criti­
cal Zone. "The first break is between the mottled anorthosite which 

lies directly below the chromitite uand UC 1 and the porphyritic 

melanorite which lies directly above the chromitite bend UU 1. The 
second break is between the peqmatitic reef and th" mottled anorthosite 

below it, and the third break ie between the Bastard Rssf and its foot- 

wall of mottled anorthosite. A fourth break occurs between the pseudo-
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r lG. A. An content of plagioclasse from the layered rock* and
ultramafic pegmatoids aa analysed by X-ray fluorescence 
and X-ray diffractometry.
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once (Appendix I).

reef and its hanging wall of norite and foot-wall of porohyritic 

melanorito". These zones were not studied in detail, but the break 

between the Merensky 'Reef M.R.U. and its immediate footwali was

confirmed.
Bolow the Merensky 'Reef cumulus orthopyroxena was analysed in 

three noritic cumulates (Tab’s 2), and it was found that the magnesium 

content decreases progeasively from En 82 at 80m below the Merensky 

'Reef to En 76, 4m below the Merensky 'Reef.
In a 0,4 to 0,8m thick layer which is found 3m below the Mereneky



'Reef throughout the mine, cumulus orthopyroxene decreases sharply
from the bottom to the top. Cumulus orthopyroxene showed the following 

composi ti ons
 w  tJn 81 at the bottom of the layer, and En 77, 0,4m above.
Intercumulus orthopyroxene at the top of the layer shows iron enrich­
ment, the En content being 69 to 71.

Table 2. En content of Orthopyroxenes in the layered rocks.

Location

1 
r-I 

1 + 
1

1 
cw

850m above the B.M.R. 67 c
B.M.R. 78 c
0,5m below the B.M.R, 69 to 70 i
5,0m below the B.M.R. 75 c
Kerensky 'Reef pyroxenite Kerensky 'Reef' K.R.U. 76 c
Kerensky 'Reef pegmatoid 81 to 83 c
4m below the Kerensky 'Reef 76 c
6m below the Kerensky 'Reef' Noritic cumulates 79 c

80m below the Kerensky 'Reef 82 c

c indicates cumulus character
i indicates intercumulus character

En differences were found between cumulus orthopyroxene (En 75) in 
a noritic cumulate, ond cumulus orthopyroxene (En 82) in the immediate­
ly overlying Kerensky Reef1 pegmatoid. Furthermore intercumulus 
orthopyroxene 0,2m below the Kerens., 1 Reef' pyroxenite analysed En 69, 

as compared to En 76 to 77 of cumulus orthopyroxene in the Kerensky 
'Reef pyroxenite. Within the Kerensky 'Reef1 K.R.U. there ie a con- 

! licuous iron enrichment in orthopyroxene cumulus from the bottom up- 
lards. Orthooyroxene in the pegmatoid pyroxenite analysej En 81 to 
o3, in the overlying pyroxenite E'n 76 and 5m below the B.K.?, En 75 

(Table 2), At the op of the Kerensky 1 Reef1 K.R.U, there is a 

difference in composition between intercumulus orthopyruxene (En 69 
to 70) in the footwall of the B.M.R,, and cumulus orthopyroxene (En 78) 
within the B.M.R.

The Mg content of cumulus orthopyroxene varies from En 78 at the

B.M.R. to 67 per cent En at a height of 850m above this level.



ClInopyroxenas. Clinopyroxenea are conapicuoua inter- 
cumulus phases throughout the Critical and lower part of the Main 
Zona, although occasionally they are found as cumulus phases during 

this interval. Cumulus clinopyroxene appear mainly in porphyritic 
pyroxenite layers associated with the Upper Group of chromitite layers, 
and in the Marenaky 'Reef. Within the Main Zone they are not regular 
cumulus minerals until 60m above the B.M.R,

Tne cumulus clinopyroxenes at the top of the Critical Zone gave 
the compositions Ca 44, Mg 47, Fe 9, which is slightly enriched in
Mg when compared with the composition given by Atkins (1969) for

cumulus clinopyroxene at the same height; namely Ca 4 4 , Mg 46, Fe 10. 
Intercumulus clinopyroxene, which occurs in pegmatitic pyroxenite 
lenses at the bottom of the Main Zone approach tha following composi- 
tion: ca 45, Mg 43, r a 12, which is enriched in iron when compared

with that of cumulus clinopyroxene at the top of the Critical Zone 
(F ig,14).

4. Olivines. The only olivine found within the layered 
ro>«s, other than those found within the Merensky 'Reef, are those

present in nodules (Photo 2), and will be described with the mineralogy 
of the nodules.

' 1 '■vine in the Merensky 'R e e f  has been reported by various 
authors. Wagner and Brown (1968, Fig. 192) reported Fo 68 for .his
olivine. Coertze (1969, p.17) reports Fo 78-80 in olivines from

the Merensky 'Reef in the Western Bushveld. Van Zyl (1969, p.96) 

ooor-s - 0 / 9  or the olivine in the negmatoid layer of the Merensky 
' ;ae'’ and F 0 79 for the olivine in the Pseudo 'Reef. At Bafokeng 

divine within the Merensky 'Reef w only found adjacent to contacts 
with ultramafic pegmatoids and will be dealt with later.

5. Uiijios. In the portion of the layered rocks which was 
studied, oxides are mainly chromite spinels, which are still present at 

the base of the B.M.R. Willemse (1969m, p.12) notes that chromite and 

magnetite are mutually exclusive spinels. "From the vicinity of tha 

Merensky 'Reef downwards, we are in the realms of chromiferous rocks 

and magnetite is absent for all practical purposes". Wager and Brovin 
(1968, p.394) found that there is a gap where no cumulus spinel 

crystallized, between the last chromitites which were enriched in iron 

anj the crystallization of titaniferous magnetite. Van Zyl (1969) has 

reported the possibility of iron solid solution in chromitite from the 

upper chromitite layer of the pegmatoid 'Reef in "Swartklip" 988, and



furthermore he reports that this chromitite layer is locally composed 
of magnetite and ilmenite. Cousins (1964), noted the presence of 
secondary magnetite, "of unknown genetic iriqin", in the pegmatcid 
pyroxenite of the Merensky 'Reef'. At Bafokenq no certain indication 
as to when intercumulus magnetite started to form could be found; it 
was probably in the early stages of deposition of the Main Zone. At 
Bafokeng magnstite is present within the Merensky 'Reef' as irregular 
patches within sulphides and on the margins between sulphides and chro­

mitite in a sulphide bleb included in a chromite cumulus. A maqneti- 
tite pegmatoid was found underlying the exposure where magnetite was 
found within the Merensky 'Reef. Van Rensburg (1962, p.106) has re­
ported magnetite and ilmenite from the Merensky 'Reef in the Eastern 

Transvaal.

6. Sulphides. The sulphides in the layered rocks have 

been studied by Liebenberg (1969), De Bruyn (1944), Van Rensburg 
(1962) among others. From an economic e id point the most important 
sulphide phase in the Bushveld Complex, is that associated with the 
Merensky 'Reef. A volumetric study of the sulphides contained in the 

pegmatoid phase of the Merensky 'Reef was carried out when ultramafic 
peqmatoids underlie the Merensky 'Reef and a comparison (Table 3) 
m d e  with data presented by Liebenberg (op.cit.) from the Rustenburg 

District.

Table 3. Volumetric percentages of sulphides in the Merensky 'Reef 
pegmatoid layar._______

Sulphide

Merensky
Pegmatoid

Liebenberg
(1969)

Pegmatoid of Merensky 'Reef Bafokeng 
optical determinations X-ray fluorescence

(average)

Pyrrhotite 50,3 46 46,6

Pentlandite 31,8 30 35,1

Chaicopyrita 13,8 I? 18,2

Pyrite 4,3 3 -

Data was obtained by optics and X-ray fluorescence (Appendix I).

The textures of sulphides within the Merensky 'Reef were studied 

only when a magnetitite pegmatoid underlies the cnromitite layer of 

the Merensky 'Reef.
Besides exsolution of pyrrhotite in pentlandito, there are 

massive (30mm) blebs of pyrrhotite showing birds-eye texture (Stumpf1,
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pars. comm.). This texture is produced by the concentric airanqement 
of other minerals within the sulphide wnich gives the blebs an ex­
foliated appearance (Photo 3). There are at least two minerals 

present in the 'exfoliated' portion; one is evidently a silicate, but 
the other shows higher refractive index intermediate between those of 
silicate and oxides and could not be identified. Stumpfl (pars.comm.) 

reported that the birds-eye texture is characteristic of pyrrhotite in 
the weathered zone and in hydrothermal deposits.

C. Chemistry.

"h0 chemical analyses and C.I.P.W. norms of the layered rocks and 
Lata ultramafie pegmatoids from Befokeng Mine aro presented in Table 4, 
(Appendix I). All rocke analysed from Bafokeng are plotted in a tri­
angular, (Ma20 * K2(V - MgO - FeO, diagram. Fig. 5. In this diagram 

the iron is calculated as FeO, and chemical analysis presented by 
van Zyl (1969, able 2) are also plotted for comparison.

In r ig. 5 it can be seen that some layereo rocks show a tendency 
towards alkali enrichment. Analysis 510 and 680 of Bafokeng and 

3n ZV1 (op.cit. Table 2) which were taken at the same 
opth, approximately 30m above the bottom contact of the 8.M.R. are 

"'he samples more displaced towards the alkoli corner of the diagram. 
Furthermore onorthositos Lieb 31 and Lieb 51, Liebenberg (i960,
Table 216) which come from the Critical Zone and from above the 

Kerensky 'Reef' respectively and aie not shown in Fig. 5, show the 

same displacement towards the alkali corner of the diagram.

C.I.P.W. normative cimponents and modes vary considerably in 
most cases. In the layered rocks the main difference encountered, 

was the appearance of normative nepheline in one of the four anortho- 
sites analysed. This anorthoaite was taken in the proximity of nodules 
containing modal olivine (Table 4 anal. 126), Normative components 

ware also calculates for analysis Lieb. 31 and 51., Lieb 51 (Lieben- 

narg, op.cit.) shows 0,15 per cont normative nepheline. The other 
three anorthosites show ncrmttive olivine.

IT all K is calculated as normative orthoclase, when in fact 
some may be present in mica which is a modal mineral at the top of the 
Critical and bottom of the Main Zone, depletion in Si0,? may occur.

Ih« result of this depletion would account for the presence of olivine 

in the norm. One of the anorthosites, analysis 510 also shows norma­
tive corundum, like analysis Z 242, Van Zyl (ibid, Table 2).

 %     m  — - -— — .. . ■ ■ ■ . ^
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FIG. 5. Plots of analysed rocks in a FeO-MgO-Alkelie diagram.
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The FeO/Fe.,11 , proportions of samples MRIS and MR284 are not correct 

because the iron contained in the sulphides was not dissolved by the 

titration method and uia.i therefore recorded as Fe+ + + (Table 4).
C.I.P.W. norms on samples MRIS and MR284 (of the Merensky 'Reef' 

pegmatoid) were hone without taking S, Ni and Cu into account. There­

fore variable amounts of FeO which enter some sulphides are recorded 
ae magnetite and hematite. Most of the pyroxenitee analysed at 
Bafokeng show normative quartz.

The layered rocks ware analysed for Ni, Cu, Zn (Tables 5 and 6),

S (Table 7), and Rb, Sr (Tables 8 to 10) Appendix I. Tne methods used 
are also described in Appendix I. Generally in mafic layered intru­
sions, the distribution of copper is not so much controlled by the 

silicate phase as it is by the sulphide phase. Wager and Brown 
(1968, p.199) suggest that in Skaergaard the copper distribution is 
rather variable "probably ae a result of the irregularities in the 
amount of sulphides". For the Busnveld Complex Liebenberg (i960,

o.35) states: "Geochemically the occurrence of copper in silicate and
oxide minerals iu of minor importance ae compared with the formation 

of sulphides".
Although Ni tends to covariate with Mg and enter olivine and 

or lopyroxene composition, (Wager arid Mitchell, 1951, p.187), (Lieben- 
birg, 1960, p.25), at the top of the Critical Zone and bottom of the 

Main Zone, its composition may have been controlled by the sulphide 

phase.
Few selected samples of the layered rocks were analysed for S 

(Table 7). The Merensky 'Reef' pegmatoid, samples MRIS and MR284, 

shows the highest S c<ntents of the rocks analysed. Other oyroxenitee, 
like the nodules and layers associated with the UG 2 chromitite layer 
do not show a S enrichment comparable to that of the Mersnsky 'Reef' 

pegmatoid. Liebenberg shows (1969, p.200) that the path of enrich­

ment of S in the Rushveld magma may have been complicated by the 
addition of new pulses of magma. It is worthy of note that extreme 

enrichment of S as well as Ni and Cu occur more than once in the 

Pjahveld (Liebenberg, Table 50), and that the S content aa given by 

this author is higher in the Main Magnetite layer and Upper Zone than 

it is in the Merensky 'Reef.
According to Wager and Mitchell (1951) Rb is residual during 

fractionation, being enriched in the late granitic fraction, whereas 

Sr shows considerable spread during fractionation being mainly related
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o plaqioclasd distribution where it replaces Ca++, but on the whole 
j.'Ow s little change during differentiation. Rb has a similar ionic 
radius to i\ and is aomitted to this site in K-feldspars and micTS, 
(Liebenberq, i960, p.53 ). This is especially significant because 
development of micas has been noted not only in the pegmatoid pyroxe- 
nites but in the rocks taken as 'average country rock' (Appendix I), 
and generally at the top r'<r the Critical Zone and bottom of the Main 

Zone variable amounts of mica are present within the layered rocks.
In addition to this, Davies et alii (1969, p.586) have shown that 

alkali feldspar is an important factor which affects the Rb/Sr content 
of plaoioclase-poor pyroxenites, increasing the Rb and radiogenic 
br 87 of the rock. The layered rocks average between 6 and 12 p.p.m. 

b (Table 9). The average value of 12 p.p.m. Rb for the oegmatoid 

pyroxenites has been noticeably enriched due to the development of 
hydrous alteration products in specimen PPUC 4(Tmble 8). The Sr con­

tents of noritic and anorthositic cumulates, compares well with that 
given by uavies et alii (Ibid) and also with data of Liebenberg 
(196u, able 19); for the same rock types whereas Rb contents are on 
the whole slightly higher (Table 10).

3. Honnatoids in the layered rocks 

!• The anprthosi+o cnntnlning nodules (i.c.n.)

a. General.- The anorthosite containing nodules Xo.c.n.) is the 
name proposed to describe an anorthosite cumulate containing pegmatoid 

to coarse-grained pyroxenite nodules es they were called by Ferguson 

and Botha {1963, p.267), or boulders as called by Cousins (1964, p.228).
Boulders in inverted commas has already been used by several 

geologist? to describe oval shaped forme; e.g. Ver: Biljon (1964) has 

used the word boulder to describe oval shaped dark groan serpentine 

masses in the Stolzburg Asbestos Mine, however, as the term implies 
a genotic modo of formation, nodules will be used throughout to 
describe the forms found at Bafokeng.

The layer containing the nodules is an anorthositic cumulate or 
mottled anorthosite. The mottling effect is a result of the clustering 

01 intercumulus clinopyroxones and orthopyroxenes, showing aub-poikili- 

tic textures. Occasionally the a.c.n. also contains intermittent 
py roxenitio and noritic layers. I he a.c.n. is by no means the only 

layer to show the development of nodules. Van Zyl (1969) has described
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chromKite nodules whlrh are found below the peymatltic layer of the 

Morensky 'Reof and in the anorthoaito below the UG 1 chromitite layer, 
hot within the Critical Zone. However, to our actual knowledge all 
lodules, including those found at Bafokong and those reported by 
Van Zyl (1969), occur in the Critical Zone. Evidently this must be 

borne in mind when postulating any particular set of conditions opera­
tive at the time of their formation. At Bafokeng two pyroxenite 

nodules were found 50 cm below the Merensky 'Reef' in the 6 Shaft area.

he a.c.n. layer has been intersected in surface boreholes and 
underground exposures throughout the mine, at a ve-tical distance of 
approximately 25m below the Mereneky 'Reef. This distance varies 

throughout the mine, depending on the irregularities of the bottom 

contact of the Morenaky 'Reef. At Bafokeng exceptional cases are 
known of depressions where the Merensky 'Reaf is resting on the 

.c.n.i uouains (1964, p.235) also drew attention to this feature, 

at the Rustenburg Platinum Mines the vertical distance between the
a.c.n. and the overlying Merensky 'Feef is 110 feet (34m 1). From 
the isopach plot of the a.c.n. (Fig. 6) it can be seen there is B 

tninmng of this particular layer towards the northern portion of the 
property. The lower contact of the a.c.n. layer against a noritic 
layer is sharp (i'hoto 4). The upper contact is distinct in the 5 and 
6 Shaft areas, where the a.c.n. is overlain by 100 mm of pyroxenite 

cumulate which grade upwards into a plagioclase orthcpyroxena cumulate, 
elsewhere in the mine this pyroxenite is not developed, and the 
position of the upper contact of the a.c.n. is based on textural 

differences between the a.c.n. which shows intercumuius pyroxenes and 
the overlying layer which shows cumulus pyroxenes. This contact is 
gradational.

' j grain size of the nodules varies, sometimes in the same 
exposure. According to Van Reysen (1969), 60 per cent are medium 

grained and 40 per cent comprise pegmatoidal dimension*. Usually 
the nodules exhibit a marked regularity in shape and size. The 

nodules have a biaxial ellipsoid shape. In a section cut parallel 

to the layering the nodules exhibit a circular outline (Photo 5) 
the long axis being parallel to the layering. The short axis is 

vertical, the lower surface being more regular and convex than the 

upper one. An average of fifty measurements gave the following 
results: long axis «= 160mm, short axle . 110mm. Occasionally

bigger nodules are sparsely found towards the bottom of the a.c.n.
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There are rare occurrencea of elongated nodules, where the long axis 
tends to be three or more times larger than the short axis. A bleach­

ing of the anorthosite around individual nodules is frequently obser­
ved. Zones of up to 50 mm and in exceptional cases 100mm of pure 
anorthosite can be seen surrounding some nodules.

In the northern portion of the 5 Shaft area, and the 6 Shaft 
area, where the thickness of the a.c.n. is less than 3m, the 
nodules are distributed throughout the width of the layer. The 

highest concentration of nodules is nevertheless approximately 1m 
above the bottom contact of the a.c.n. In the 5 Shaft area, seldomly 
was a nodule found to overlie the pyroxenite layer occurring within 
the a.c.r. (Fig. 7), In the 6 Shaft area the a.c.n, is overlain by 

a pyroxenite cumulate, the lower contact of which undulates sharply, 
alternatively exhibiting concave and convex outlines upwards. Imme­
diately underneath convex portions pyroxenite nodules are present.

Throughout the rest of the mine the nodules are occasionally 
found between 2 and Am above the bottom contact of the a.c.n. Within 
thu bottom metre of the a.c.n., coalescence and grouping of nodules 

are common producing irregular shapes and effecting their average 

areal distribution. Although in 2 W. Drive, 3 Shaft t.ne nodules are 
set at 0,25 to 0,3m intervals, more commonly they are set at 0,6m to 

1m centres.
In the western portion of the 5 Shaft area there is a 0,3m 

pyroxenite layer which is found 0,7m below the upper contact of

Bril



the n.c.n. This layer is pegmatoid at the base, grades upwards into 
a medium grained pyroxenite, and in many places exhibits bulging on 

the underside (Photo 6), and is over- and underlain by anorthosite.
The occurrence of this particular layer is restricted to the western 
portion of 2 West Drive, as is shown by the fact that it was not 
found in 3 West Drive (40m - distance) immediately down dip. In the 
1, 5 and 6 Shaft c-eas, intermittent noritic layers were found towards 
Iho bottom contact of the a.u.n. Shearing at the bottom contact of 

f a  a.c.n. is occasionally present below intermittent noritic layers. 
In other parts of the mine,intermittent pyroxenitic and noritic layers 
were also found towards the bottom contact of the a.c.n. (Photos 4 and 

6). All intermittent layers show cumulate textures.
Besides the development of nodules and intermittent layers, 

the a.c.n. also shows the development of 'mottles' which are produced 
by the clustering of intercumulus clinopyroxene and orthopyroxenes 

showing sub-poikilitic textures - When tne thickness of the a.c.n. is 

less than 5m, the amount of intercumulus material increases towards 
the bottom of the a.c.n. When the a.c.n. is greater than 5m thick, 
changes in the size of tne sub-poikilitic pyroxenes are in evidence.

In these cases two 10-20mm thick layers (fig. 7, Photo 7) occur at 
approximately 3 and 5m above the bottom contact of the a.c.n. In the 
area sandwiched between the two pyroxenite layers, the intercumulus 

pyroxenite annedra are smaller than above and below (Fig, 7), The 
intercumulus pyroxenes attain their maximum concentration and the 
anhodra attain their maximum proportions between 1 and 3m above the 

bottom contact of the a.c.n.

b. Mineralogy. - Mineralogically there are three different typos

of nooules, being:

pegmatoidal or medium grained pyroxenite,

- feldspathic pyroxenite,

- norite.
The first two types are most common, and the third type was 

found only near intermittent noritic layers, which nave been descri­

bed. Pegmatoidal pyroxenite nodules could well be described as 

ultramafic pegmatoids. f
At Huntenburg Platinum Mines, Ferguson and Botha (l9fS3) describe

the nodules as being composed of coarse feldspathic pyroxenite,
(

whereas Cousins (1964) states that they are composed of coarse to
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pegmatitic pyrox . At Bafokeng, -he nodulee are composed mainly

of orthopyroxeno and variable amourta of plegioclaae which shows 
intercumulue relationship to the orthopyroxenea. Clinopyroxene is 
present as exsolution products along orthopyroxene cleaveges and also 

as irregular intercumulue crystals.

recording to Van Reysen (op.cit.) 60 per cent of the nodules 
hav'u a thin chromite stringer, or alternatively scattered chromite 

crystals, at their b&ae. The chromite percentage varies with tne 

exposure examined, and in some of themv’e absent. In addition, 

enromito wr3 found to occur a few mm above t e base of the nodule, 
end in one instance, occurs on the upper side of a pyroxenite nodule. 

Chromite ie 1 very common constituent of the e.c.n. In the 6 Shaft 

area a one to two mm chromite layer is found approximately one metre 
above the bottom contact of the a.c.n. Tnis layer seems to be fairly 

consistent throughout the area as it was prasent in all three ex­

posures seen. In the 4 Shaft area and I Shaft area a chromite layer 
of the same thickness, is intermittently present within the bottom 
0,3m of the a.c.n.

Plegioclaso within the a.c.n. was analysed (Table ll)» by the 
natnods descrioed in Appendix I. Reversed zonetion of plegioclaae 
Cumulus was present in the thin sections observed. Only one measure­
ment was obtained in which the core gave An 76 and the margin An 60,

Table 11. An content of the plegioclaae within the a.c.n. as
obtained by different methods, and comparison with the 
An content of plaqioclace from ultramafic pegmatoids 
contained in the a.c.n.

An content of 
plaqioclaee Method

e.c.n. 78, 83 Chemistry (full analysis)
80 X-ray fluorescence(Ne peak
70 X-ray spectrography

Optics

Ultramafic pegmatoid 
within the a.c.n. 82,89

85
Chemistry (full analysis) 
X-ray fluurescence(Na peak

- X-ray spectrography
80-82 Optical determination'

The nodules show variable amounts of hydrous alteration, those from 

the 4 Shaft area ore the most altered. The alteration products are 
amphiboles of the tremolite-octinolite series end chlorites which 

form at the expense of orthopyroxene and plagioclase respectively.



In some intermittent pyroxenite layers found within the a.c.n,, this 

alteration amounts to 6 per cent of the total volume (fig. 8).
Olivine occurs as an irregular mineral in the nodules, in the 

5 Shaft area it is present in trace amounts in both nodules and inter­

mittent pyroxenite layers. In the 1 Shaft area olivine ic a conspi­
cuous component of all the nodules examined from the available expo­
sures (Photo 2). It is noticeable that plagioclase analysis of the 
a.c.n. around these olivine-bearing nodules gave four to five per 

cent higher An contents than elsewhere in the mine. The olivine in 
these nodules is Mg-rich, being Fo 82-65, and in one instance Fo 91. 
Orthopyroxene compositions were obtained from intermittent pyroxenite 
layers, nodules and intercumulus orthopyroxene within the a.c.n.
(Table 12). Averages and comparisons with under- and overlying 
pyroxenite cumulates are given in Table 12.

Table 12. Variation in the En content of orthopyroxenee within the
a.c.n. and in related rocks.

Rock type 2 Vx En * - 1

\northosite (intercumulus opx) a.c.n. 70 76
Intermittent noritic layer 

of a.c.n.
hot tom

75 79
Intermittent pyroxenitic 1 

top of a.c.n.
oyer

72-73 77

Nodules 78-80 81-82

UG 2 Pyroxenite pegmatoid 78 81

Marensky tteef’ pegmatoid 80 82
easae»reeeesB*ss»rees»s«o« -aeeese»»e»«e»»es«iis* ***** *#*****#####*#

c. Chemistry. - The sampling methods are described in Appendix I. 

Nodules from the 5 Shaft area and 4 Shaft area were chemically ana­
lysed. The analyses are designated Nod 5 and Nod 4, respectively, 

layer of
Intermittent‘pyroxenite, sample Pxmfw, end noritic layers, sample 

Annacni analysed are from the same exposure as sample Nod 5 (Table 1/ 

Samples 163 and 126 are of the a.c.n., they do not include nodulns or 

intermittent Icyers. Nodules in the 1 Shaft area were not chemically 
analysed; however a modal count was done. Modal counts of the a.c.n, 
intermittent pyroxenite layers are presented as well in Fig, 8.

In the MgO-FeO-k.jCUNaO diagram (Fig. 5) the nodules plot very 

close ‘■o the rest of the pyroxenites analysed from the Critical Zone. 

The main difference between them ana the overlying pegmatitic layer
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of the Marensky 'Reof1 is, that the letter is displaced towards the 

FeO corner, due to much higher Fe sulphide content. Oats produced by 

Van Zyl (1969) is also plotted in this diagram.
The effect of the iron-sulphides on the analysis la well empha­

sized by the displacement of analysis Z1046, the unmineralized 
Marensky 'Reef' of Van Zyl, towards the MgO corner with respect to 
the analysis of pegmatitic portions of the sulphide-rich Marensky 

'Reef at Bafokeng. Another fact which needs to be emphasized is that 

analysis Z257, the B.M.R.; und Z295, the Pseudo 'Reef'j plot nearer 
to the MgO corner than the analysis of the unmineralized Meransky 

iRgef' (Z1Q46). At Bafokeng, the nodules as well as PPUG4, the pegma- 

toid pyroxenite associated with the UG 2 chromitito layer, are )is- 
placed towards the MgO corner with respect to the pegmatoid layer of 
the Marensky 'Reef. Normative analysis of the nodules showed quartz 

in one case and olivine in the other.
Cationic contents on the basis of 100 oxygens, were calculated 

for the analysis done and some of the analyses presented by Van 7.y l
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(ibid, Table 2), and are presented in Table 13. The main object was 

to compare the nodules with analysis of the Pseudo 'Reef' which shows 
higher water and Mg contents than any of the other pyroxenites, end 
the loweet Si content. The K content of rocks from "Swartklip 988"
(W. Transvaal) is higher than those from Bafokeng. Analysis Z280, 
which, according to Van Zyl (op.cit.), is a porphyritic melanorito 
5m above the Merensky 'Reef', gave 1,2 K as compared with 0,2 K which 

was the highest analysed at Bafokeng.
Nickel contents in nodules and intermittent layers within the 

„. c. n . vary between 923-751/ *». p . m . (Table 5, Apoendix I). These

values are higher than those of:
the norite cumulate which underlies the a .c.n., which is 324 p.p.m.

the a.c.n. which averages 54 p.p.m.
The Cu content in nodules end intermittent pyroxenitn layers 

within the a.c.n. varies from 17 to 23 p.p.m. (Av.), as compared 

with:
- 10 p.p.m. Cu in the noritic cumulate which underlies the a.c.n.

7 p.p.m. Cu of the a.c.n.
It is worthy of note that two nodules in the 4 Shaft area,

analysed by the Assay Department, Bafokeng Mine, gave the followir 
values: 16650 p.p.m. Ni and b500 p.p.m. Cu, proving that Cu Ni cut 
centratione vary. Although these values are exceptionally high, 
the a.c.n. is of no economic importance due to the erratic occur­

rence of the mineralization and tu the fact that the nodules re­

present a minimum volume within the a.c.n.
The Ni/Cu ratios of the nodules and the pegmatoid pyroxenite 

layer associated with the UG 2, sample PPUG4, are similar, being 
slightly higher than the Ni/Cu ratios of the pegmatoid layer of the

Merensky 'Reef1.
In pyroxenitic rocks Rb is closely related to the amount of 

alteration and the presence of mica. The less altered nodules, like 
Dd 5, show less Rb, whereas PPUG4 shows 1/,/ p.p.m. Rb.  ̂he pogmatoid 

layer of the Merensky 'Reef1 averages 6,4 p.p.m. Rb, as compared with 

6,1 which . 3  the average of the nodules. Strontium varies from 30 

p.p.m. to 144 p.p.m. in pyroxenites and nodules, and its concentration 

differs from 1<U to 87 p.p.m. in the nodules probably due to different 

plagioclase contents, (Table 6, Appendix I).
i

2. Lensos. The top portion of vhe Critical Zone and 

bottom portion of the Main Zone, show a widespread distribution of
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pegmatoid layers of oyroxenite composition, all of which show cumulate 

textures (e.g. the Nerenaky ’Reef' pegmatoid). Other pegmatoid 

pyroxenites show contrasting textures, very sparse occurrence and an 

intermittent lensoid character of reduced dimensions (f ig. 3) . These 
pegmatoid pyroxenites are described under Lenses because their dimen­

sions seldom exceed 1m in length, and 0 ,2m in thickness. Their shape 
is not accurately known, but may be irregular. Most of these lenses 
have a feldspathic pyroxenitt composition, where the minerals present 

are orthopyroxene clinopyroxene plagioclase pnlogopite and chlorite. 
Locally an unidentified green pleochroic amphibole replaces clino- 
pyroxene and orthopyroxene.

Orthopyroxene composition is 2 per cent poorer in the En molecule 
than the cumulus orthopyroxene in the layer in which the lenses occur. 
This difference may be real or could be attributable to analytic 
error. In these lenses,clinopyroxene shows a composition of Ca 45,
Mg 43, Fe 12.

In all cases observed orthopyroxene and clinopyroxene within the 
lenses, shew an intergrowth texture (Photo 8 ) in which anhedral 
plates of both minerals cluster together. Orthopyroxene'rods’ are 
found along cleavages in clinopyroxene, and both minerala incluoo the
other.

The textures and shape of the pyroxenes indicates their inter­
cumulus nature.
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Ill - LATE PEGMAT0IP3

A. Ultramafic Pocimatoids

1 . Gonaral. Under the general term ultramafic pegmatoida 

(Fig. 9), Willemse (1969a, p.ll), includes the following:

(a) "8ronzitite pegmatoid, that forms pipe-1 ike bodies in the

Basal Zone, especially west of the Pilanesberg."

(b) "Hortonolite-dunite and dunite, which are closely asso­
ciated in the well-known platiniferous pipes." (Dnver- 
wacht, Mooihoek, Oriekop). Gradations in which the Fo 
content of the olivine increases outwards are known in 

Onverwacht and Mooihoek. Pipes which consist wholly of 
dunite or hortonolite-dunite are known to exist.

(c) Diallagite pegmatoid, formed essentially by diallage 
augita, olivine, plagioclase, hornblende, phlogopite, 

magnetite.

(d) Magnetitite pegmatoida, according to Willemse (op.cit.)
"by a greater concentration of magnetite, the diallagite 
pegmatoid passes into massive magnetic iron ore." They 
are found above the Mereneky 'Reef' in the Main Zone, 

continuing into the Upper Zone abovn the Main magnetite 

layer, in pipe-like bodies. Locally they also form sill­

like bodies, both in the Eastern and Western Transvaal.

(e) Vormiculite pegmatoida: these bodies are found near the 
top of the Main and Upper Zones. Von Gruenewaldt (1964) 

has described them in the Roossenekal area. He found that 
they enclose angular fragments of country rock embedded
in diallagite pegmatoid and are also associated with mag­

netite-rich phases.

The association of diallagite pegmatoids with dunitee or hortono- 

lita dunites has been stressed by Wagnur (1973), Coertze (1960),

Sohnge (1963), Camoron and Oesborough (1964) and several other 
authors. Willemse (1969b, p.192) stresses the association between 
diallagite pegmatoids and magnetitite pipes, and between diallagite 

and vormiculite pegmatoids (1969a, p.ll). Cameron end hesborough
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layered rocks (olivine) diallagite pegmatoid - stippled; 
magnetitito - black (modified after Willemse, 1969a).
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(Ibid, Fig. 21) ehou/ diallagite-hornblende-hortonolite to merge locally 
into hortonoltte dvnite. Intimate relationships between hortonolite 

dunite and magnetitito have barn described by Coartze (1966, pp.17- 
20; 1969 p.15).

At Bafokong, only typoi (b), (c) and (d) of Willeree (op.cit.) 

are present. Usually clinopyioxene (diallage), olivine and oxides 

form 96 per cent, by volume, of the ultramafic pegmatoida. Variation 

in clinopyroxene, olivine and magnetite produce all gradations between 
dialiagite, dunite and magnetitito pegmatoids. Gradations in the com­

position of olivine make it difficult to define limits between



hortonolite dunite and dunita pegmatoids. Therefore, the use of the 

general term 'ultramafic pegmatoide' is desirable.
In certain portions of ultramafic pegmatoids, plagioclasu is an 

additional phase forming up to 25 weight per cent, producing feld- 
spathic diallagites. Rare ultramafic pegmatoida composed of olivine 

and plagioclase or magnetite and plagioclase have been found.
Accessory minerals are hornblende serpentine and occasionally micas. 

Hornblende rarely forms more than five per cent by volume of the 
ultramafic pegmatoida, although when these bodies come in contact with 

the Merensky 'Reef the hornblende content locally increases to between 

5 and 10 per cent by volume. Disseminated orthopyroxenes can be 
an additional phase in the ultramafic pegmatoids where they are jux- 

t posad with orthopyroxene cumulates.
Ultramafic pegm?toi , of dunitic composition (although in places 

they have irregular .... nes), usually produce very rugged 20m (-)

high, pipe-like vps. Diallago pegmatoida weather readily, so

seldom outcrop, ' c several occur in road excavations; due to their 
iron content they are easily traced with a magnetometer. In places 
the diallags pegmatoids form discontinuous envelopes to dunitic peg- 

matoid outcrops, e.g. the dunitic pegmatoid between boreholes 510 
and 506, but they also occur independent o ’ dunite pegmatoids, e.g. 

the one on the western corner of the farm Vaalkop 275.
The outcrop over which No. 243 trigonometric beacon rests, -n 

Vaalkop, is a magnetitite pegmatoid hill which protrudes through 
gabbroic rock types which belong to the Main Zone (fig. 10). The re­
lationship between this magnetitite pegmatoid and other rock types 

is obscure because of lack of exposure.
Conformable magnetitite pegmatoids have also been found above 

and below the chromitite layers of the Upper Group on the farm 

Doornspruit 106, being of small dimensions.
Magnetic surveys were carried out over some of the areas affec­

ted by ultramafic pegmatoida in an attempt to establish the magnetic 

response of the different bodies (fig. 10). It was found that, the 

magnetic profile is generally flat in the Bafokeng mining area, however 
strong positive anomalies are associated with the ultramafic pegmatoids 

A broad zone" containing isolated positive magnetic anomalies strikes 

parallel to a shear zone at the northern boundary of the lease area.
All surface boreholes drilled in this area, namely boreholes 510, 506
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and 518 intarsocted thick bodies of ultramafic pegratoid (Fig. 10).

Fhe magnetic method proved very helpful in the 5 Shaft arec. where 
shallow-lying (- 100m) bodies of ultramafic pegmatoid were predicted 
and their presence recently confirmed by mining operations. However, 
magnetic surveys carried out on the form Wilriebeestfontein 2 i4, around 

borehole 639, which has a 55m thick intersection into ultramafic psg- 
matoid, at a depth of approximately 300m rid not produce anomalous 

reading on surface.
Magnetic work has also been carried out by the Geological Survey 

(Von Oackstrttm ot al., I960), on the Bafokeng and adjoining area* 
during the compilation of the Rustenburg No. 4 Sheet. This work 

covered the farm Vaalkop 275 JQ to the East through the farm Kook- 
fontein 265 3Q and the adjoining Boechfontein 268 30. These results 
show that the greater anomalies are associated with the dunite out­
crops. They also found a magnetic anomaly above the Merenaky 'Beet ' 

connecting the dunite |Apos on the farms Vaalkop and Kookfontein.

They reported a similar type of anomaly further east and south above 
the Merensky 'Reef, and along the same elevation in the Rustenburg- 

Marikana area and at the Kroondal Platinum Mine area (Fig. l). Their 

conclusion was that the magnetic anumaly was probably due to the 
presence of dunites, forming a continuous body over the Merensky 'Reef 

This anomaly was plotted in Figuru 10, but mining operations in the 

1 Shaft area have failed to prove any continuous body of ultramafic 
pegmatoid above the Merensky 'Reef'. In this area, intermittent, 
conformable and tranegreosive ultramafic pegmatoid bodies are found 

both above and below the Merensky 'Reef.

2, The relationship of the ultramafic pegmatoida to the 

layered rocxs.

a. Contacts.
i. General statement. - Contacts between ultramafic pog- 

matoids and the layered rocks have different characteristics de­

pending upon the lithology of the layered rock. A. un example con­
trasting contacts are produced when ultramafic pegmatoid intersect 

anorthositic or noritJc cumulates (Photo 9). The majority of the 

contacts are sharp and undisturbed.
Ultramafic pegmatoida occasionally enclose layered rock (Photo 10) 

Gradational contacts with anorthositic cumulates may extend over 0,1 

to 0 ,2,n, however patchy development of ultramafic pegmatoid in the



layered rock make* it difficult to be precise.
At Bafokeng, no true gradational contact between ultramafic peg- 

matoio and a noriLic cumulate has been observed. Several particular 

examples of contact will bo considered aeparatp'y.

ii. Contacts with plagioclaae and plagioclaee-orthopyroxene 
cumulates. - Contacts of this type are sometimes sharp, 

but often there is a patchy development of clinopyroxene, olivine and 

oxides away from the ultramafic pegmatoid into the country-rock.
(Photo 11). Locally diallage in W  s ultramafic negmatoid is even 
more coarse grainad at the contact than normal, and may extend into 
the layered rock giving the contact a serrated appearance (Photo 9).
In this example the long axis of the diallage crystals measure 100mm.

In No. 3 cross-cut North, 5 Shaft, an ultramafic pegmatoid en­

closes the a.c.n. (Photo 10). The following structures were found in 

the a.c.n.:
- Patchy development of randomly orientated t 1 ular . uoite crystals 

which in olacea measure uc to 0,3m (Photo V*).
- Intermittent layering, 3m long, composed of pegmatitic plagioclase 

and clinopyroxene (Photo 13). Within the latter layers macropeg- 
matitiu i o p y r o x e n e s  have grown parallel to the plane of the 
layering,. Their composition is similar to the clinopyroxene con­

tained in ultramafic pegmatoids.
A different example of layering at the contact between ultra- 

mafic pegmatoid and country-rock was observed in 287 Stops, 5 Shaft. 
The Kerenskv 'Reef' is, on this raise, underlain by an anorthositic 
cumulate which grades downwa,ufl to an anorthositic—norite cumuinto.

The ultramafic. pegmatoid is both conformable with and transgressivs 

to tho Mereneky 'Reef and has produced irregularly shaped layers 
parallel to the contact, immediately below the Mereneky •Reef 
(Photo 14). These layers are composed mainly of pegmatitic plagioclase 

and magnetite with minor amounts of olivine and clinopyroxene. Either 

plagioclase or magnetite ran be in direct contact with the chromite 

layer of the Mereneky 'Ruef1, which in this area rests immediately 

upon the footwall rocks. In this raise, when the chromitite layer of 

the Morensky 'Reef' is underlain by pegmatitic plagioclase, tho latter 
protrudes into the chvomitita layer, producing displacement effects 

ir the chromitite which shows an undulating outline (Photo 15).

A transition zone of pegmatitic feldspars and mafice between



undisturbed layered anorthositic rock and ultramafic pegmatoid, which 
is devoid of plagioclase, was found in some borehole intersections. 

Coarse grained to pegmatitic plagioclase crystals develop within the 
ultramafic pe.matoid in the immediate vicinity of some contacts. The 
textures shown by these plagioclase crystals will be discussed later.

iii. Contacts with orlhopyroxene-plagioclass cumulates. - These 

contacts are always sharp, and the crystal aize of the ultramafic 

does not show increased pegmatoidal proportions similar to those 
described when they occur in some plagioclase-rich cumulates.

In the immediate vicinity of ultramaf ic pegmatoids in contact 
with orthopyroxene plagioclase cumulates, olivine is produced within 
the country-rock at the expense of cumulus orthopyroxene. Gchwellnus 
(1956) found the same phenomena. Willemse (1964, o.110) notes that 
"a thin rim containing coarse-grained feldspar is a common feature of 

these pegmatoids where they occur in noritic rocks". At Bafokeng, 
this latter feature has been observed a few times. In 285 Travelling 

way in the 5 Shaft area, 0,1m wide symmetrically zoned apophyses pro­
trude from an ultramafic pegmatoid (Photo 16). In some of these apo­
physes the core comprises unaltered country-rock followed by ultra- 
mafic pegmatoid which in turn is surrounded by pegmatitic plagioclase 

and having a margin of ultramaf ic pegmatoid. ,

iv. Contacts with orthopyroxene cumulates. - Contacts between 

ultramafic pegmatoids end orthopyroxene cumulates were studied at the
B.M.R., Maronsky 'Reef and UG 2 pyroxenite elevations, but received 

special attention at the Merensky 'Reef elevation. These contacts 

do not present a colour contrast, tend to be irregular and nearly 
always there is a development of a fine-grained portion within the 

ultramafic pegmatoid (Photo 17). Olivine is the nuin constituent of 

these fine-grained pnasea, however hornblende, clinopyroxene and to a 

minor extent, oxides may be present.
The conta.it between ultramaf ic pegmatoids and the Merensky 'Reef' 

-how tho cumulate textures of the latter almost obliterated by the 

covelop ant of the fine-grained ultramaf ic phases, • hich disrupt or 
react with orthopyroxene cumu i (Photos IB and 19). Occasionally 

ultramafic pegmatoids show transgressive relationships to the 
Merensky 'Reef*, being mainly conformable. When ultramafic pegmatoids 

transgress the Merensky 'Reef the development of ultramafic pegma­
toid within the Merensky 'Reef' is patchy, end portion* of Merensky



•Rear* are preserved within the ultramafic bodies. Borehole 647, 
shows that over the space of 0,5m the cumulate texture of the Merensky 
'Reef, over- and unc' rlain by ultramafic pegmatoid, is stil) recog­

nizable. Tne ultramafic pegmatoid is a dunitic xock in which the 

size of the o.ivine is smaller than that of the orthopyroxene

cumulus or the Kerensky •Reef.
Contact relations showed relics of cumulus orthopyroxene within

the ultramafic pogmatoid; a high degree of fracturing within the 
Merensky 'Reef adjacent to the ultramafic pegmatoid, bending of ortho­

pyroxenes grains within tho Merensky 'Reef, and a high degree of 
alteration which produces aerpentine, fibrous antigorlte talc, amphi- 

boles and chlorites, in both rock types. Veinlets of oxides, post­
dating olivine formation cut the ultramafic pegmatoid in two direc­

tions roughly perpendicular to each other.
When ultramafic pegmatoids conformably underlie ths Merensky 

'Reef', usually there is a conformable deposition of magnetitite peg­

matoid immediately below the chromitite layer of the Merensky ''Reef', 
although in other cases no substantial amount of magnetitite pegmatoid 
has been deposited. The first case will be described in x.he following 

section because of the contact with a chromitite cumulate. The second 
case was studied in the second deflection of borehole 606. In this 
borehole the rock normally found below the Merensky 'Reef is a plagio- 
claes orthopyroxena cumulate, however, a troctolitic pegmatoid is 

found below the Merensky 'Reef in the second deflection of borehole 

606. One thin section of the chromitite layer of the Merensky ' l!eef1 
shows undisturbed chromitite cumulus and variable amounts of hydrous 
alteration within the cumulus silicates. In a second section poikili U  c 

olivina encloses the cumulus chromite (Photo 2 0 ), and magnet n." ^erpen- 

tirite veins transact the rock perpendicularly to the chromitite layer. 
Above the chromitite layer olivine forms at the expense of orthopyroxene.

Generally when the Merensky 'Reef is underlain by ultramafic 

pegmatoid olivine develops within the Merensky 'Reef' in the vicinity 

of the contact.

v. Contacts with chromitite cumulates. - At Bafokeng there are 

fow underground intersections of the UG of chromitite leyero, and most 

of the data at this stvatigraphic level comes from borehole core.
However, whenever observed the ultramafic pegmatoids conformably 
underlie the chromitite layers. From borehole intersections and out­
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crop exposures, it is evident that magnetitite pegmatoids readily 
develop when ultramafic pegmatoids immediately underlie chromitita 
layers including those of the Mereneky 'Reef'. A maximum of 0,1m 
of magnetitite pegmatoid was observed below the UC 2 chromitite lay;>r. 
As the thickness of this chromitite layer varies from place to place, 
it was impossible to judge if the position which magnetite now occupies 

was previously occupied by silicates or by chromite.
At Kroondal Mines, Tweedie (1969) observed that ultramafic peg* 

matoids frequently occur at the base of a pyroxenite separating two 

enromitita layers of the Lower Grcup. He noted that in places ultra- 
mafic pegmatoid may make up the total width of the parting and on 
occasions may transgress the underlying chromitite layer. Cousins 
(1964, p.195) states that "discordant bodies of pegmatitic pyroxenite 

have been observed in the vicinity of the chromite seams". He also 
notes that discordant iron-rich dunitos occur on Groenfontein 138, 

Pilanesbarg area, near the Middle Group of chromitite layers, and that 

elsewhere in the Western Transvaal, these bodies seem to favour the 
top of the Critical Zone near the Merensky 'Reef' in undisturbed areas.

The relationship between chrumitite and underlying magnetitite 

pogmatoids was particularly studied at the Merensky 'Reef' elevation. 
Reflectivity and unit-cell measurements of opaque minerals were done 
across the chromitite-magnetitite pegmatoid contact. The reflectivity 
of chromite changes progressively from the top of the chromitite layer 

where the cumulate textures in chromite are in evidence, to a point 
below the contact zone, between lines in figure 1 1 , where values become 
constant. At this point cumi .ate textures are almost non-existent. 

Unit-cell measurements show very little difference from chromite to 

magnetite.
Cameron and Desboruugh describe similar result1 (1964, pp.211 - 

212) and conclude that reflectivity, hardnjss end «iniv-cell measure­

ments are not fully satisfactory as a guide to changes in composition 

■;? chromite. Cousins and feringa (1964) have shown that chromitite 

layers found near ultramafic pegmatoids show abnormally high fe/Cr 

ratios (Table 14),
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F 10. 11. Plots of reflectivities and unit-cell measurements of 
opaque minerals across a chromitite, magnetitite pegmetoiJ
contact.
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vi. Feldspathic pegmatoida. - Some ultramafic pegmatoide ehoui 
the development of pegmatitic feldapathic-rlch phases, often at the 

contacts with layered rocks. However transgressive feldspathic peg- 
matoids with no exposed connection with ultramafic pegmatoide have 
also been found.

In the 5 Shaft area, in 284 West Stops, a 3m thick feldspathic 
pegmatoid body transgresses the Mereneky 'Reef', forming monomineralic 
margins of pegmatitic feldspar when in contact wi* , the layered rock.

is body is olivine- and clinopyroxene-bearino and occasionally shows 
the development of amphibole megacryata, and on the whole it has a 
different mineralogy to the ultramafic pegmatoid in that almost 50 
per cent by volume is composed of plagioclase feldspar. Portions of 

'oronsky 'Feof are also surrounded by feldspar mantles in the middle of 

the transgressive penmatitic feldspar body (Photo 21). It is notable 

that the transgressive feldspathic pegmatoid is seen to grade laterally 
into an anorthosite cumulate, which in turn transgresses the layered 

rocks. The feldspathic pegmatoid is restricted to the transgressing 
'mottled' anorthosite cumulate, and does not develop in the noritic 
cumulate (which forms the footwall of the Mereneky 'Reef') nor in the 
Me.enaky 'Reef' itself. The nearest ultramafic pegmatoid intersec­
ted is 50m distant from this exposure but the relationship# between 
both bodies if any arenot known,

b. Form of the ultramafic pegmatoid bodies.

Transgressive ultramufic pegmatoide tend to be irregular and
pipe-shaped. Ultramafic pegmatoide narrow where the layered rock is 

composed of noritic or pyroxenitlc cumulates, and enlarge in enorthoei- 
tic cumulates, with the result that locally they are mushroom shaped. 

Nearl always ultramafic pegmatoide which exhibited conformable re­

lationships for distances of 30m or more, could be traced to places
i.n which they transgress the layered rock. Tunnelling under ultra­

mafic pogmatoid outcrops of known areal extent, intersected smaller 

ultramafic pegmatoid bodies than at surface. This seam# to establish 

the possibility of alternative thickening and thinning of ultramafic 
pegmatoids.

c. The development of ultramafic pegmotolde in the different 
layered rock types.

From outcrop exposures it is evident that ultramafic pegmatoids 

occupy approximately 90 hectares, or 0,84 per cent of the total area 
of the Bafokeng Mining Lease.



Underground 20 raises were studied, all of them in the r> Shaft 

area; the results of this study ehowod that ultremeflc pegmatoid 
occupy 11,9 pai cent by volume of the area with feldspathic portions 
occupying a further 1,1 per cant. Basid on 24 uurfece boreholes an 
estimate (Appendix I) of the various rock typer which act ae hosts 

for ultramafic pegmatoids from 25m below the Merenaky 'Reef' to 4)m 

above it, is as follows:

. Plagioclase cumulates 60,9 per cent
Plagioclaae-orthopyro^ene cumulates 2 1 , ’ per cent
0 rthopyroxene-plagioclase cumulates 10,9 per cent

0 rthopyrovene-chromite cumulates 6,5 per cert.

The preferential tendency for ultramaf ic pegmatoids to occur in 
plagioclase cumulates is confirmed in underground and surface exposures 

of the 5 Shaft area. Fourie (1959) in his map of the chromitite 
deposits near Rustenburg shows five hortonolite dunite outernps in 
layered anorthosite, on the farm Doornepruit, 106 (5 Shaft area . he 
relationship between ultramafic pegmatoids and layered rocks can be

studied in figure 12
In figure 12 the plagioclase cumulate indicated with the number

1 , is the same cumulate, which for "s a continuous layer below the 
"erens,-./ 'Reof. In 262 Raise (Fig. 12, Section A) an ultremef lc 
d o - told locally transgresses the Merenaky ' ee-1, but it is ma^'ly 

placed conformably down-dip at the expense of a plagioclase cumu­
late. In section 8 , tne same ultramafic pegmatoid transgresses the 

plagioclase orthopyroxene layers and is conformably empleced Imme­

diately below the Merenaky 'Reef', In figure 12, 'net Ion I , t e 
tendency to be empleced conformably below the Merenaky ’ eef and at 

the expense of the plagioclase layer is further displayed.
When ultramafic pegmatoids develop conformably at the expense 

of the plagioclase layer depicted in figure 1 2 , they do so for dis­
tances up to 30m. In these instances the plaqioclee-orthopyroxene 

layers, above and below are completely unaffected by the ultremo' ic 

pegmatoid.
Figure 13 shows the distribution of ultramafic pegmatoid bodies 

in some of .he studied boreholes as compared to one borehole undis­
turbed by ultramafic pegmatoid (Bh I.B.). The correlation of the 
boreholes shown in figure 13, was done on the bottom contact of the 

8 .M.R. end can be considered accurate since this layer is normally
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and portions of its footwal1 nnd hangingwal1

n

5m

Ci2 Ultramafic Pegmatold 

E3 Orthopyroxane chromite J Playioclose cumulates

cumulates (nr,.R i j Plagiojlass orthopyroxeno cumulates

very constant and varies in thickness between 2,2 and 3,1 metres. 
Variation in thickness of the 6.M.R. like the one in borehole 553 

are presumably due to the effect of ultramafic pegma to ids.

1 ompa r i son a between sections containing ultramafic pegmatolde 
and sections barren of these bodies (Oh 1.0., Fig. 13) indicate that 

when ultramafic pegmatoida occur below the Merensky 'Reef' M.R.U., it 
is mostly at the expense of plagioclaae cumulates.

Withipi the •.erensky 'hnof' M.R.U. ultramafic pegmatoida develop 

both at the expense of plagioclaae cumulates and plegioclcee ortho- 

pyroxene cumulates, but tha pyroxenitic portion remains mostly unaffec­
ted by them. Boreholes 510, 539, 553, >P4, 596, 606 and 645 show ex­

treme development of ultramafic pegmatoida in the antirthoeitic and 

noritic portions of the Merensky 'Reef' M.R.U,, whereas the pyroxenitic 
portion and the over lying B.M.R, era virtually undisturbed.
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In burahole 606 tivo widths of anorthostte t, lowing effects of 'bleaching' 
fracturing and brecciation were intersected, marginally to en ultra- 
mafic pegmatoid, above the Merensky 'Reef.

In borehole 639 ultramafic pegmatoid was intersected continuous­
ly from above the expected position of the 8.M.R. to below the expec­
ted position of the Merensky 'Reef both of these layers being absent.
As this borehole could not be correlated it is not shown in figure 13.

When ultramafic pegmatoids develop above the Merensky 'Reef'
M.R.U., the 8.M.R. remains unaffected, e.g. boreholes 584, 588 and 
606. On account of the diminished thickness of the B.M.R. in borehole 

553, it is thought that the ultramafic pegmatoid intersected imme­
diately above it could have formed partially at the expense of this 
layer.

d. Relationship of ultramafic pegmatoide with depressions. -
At the Bofokeng Mine two areas were selected to study a possible 

connection botweei ultramafic pegmatoide and depression* in the 
Morensky 'Reef. The following observations were made. In the 5 Shaft 
area, 16 ultramafic pegmatoids conformably underlie areas where the-e 
are no depressions in the Merensky 'Reefj two occurrences were found 
transgressing depressions approximately 3m deep, and three trans­
gressing deeper seated depressione 10m 1,1). Jwo occurrences were 

found to conformably underlie small areas of undisturbed 'Reef 

between depressions which are themselves free of ultramafic pegmatoids.
Of the five exposures in which ultramafic pegmatoids were found trans­
gressing depressions, two occur near the edge.

In the No. 1 Shaft area, the occurrence of ultramafic pegmatoid 
bouies is confined to three stopes in which these bodies transgress 
oth areas where the Merensxy 'Reef is effected by depressions end 

undisturbed areas.

e. The relationship of ultramafic pegmatoide to Joints end 
f suiting.

In Rustenburg the joint systems have been described by Schmidt 
(1952, pp.236-7). At Bafokeng, in the 1 Shaft area, the direction of 
the main Joint system strikes E-W approximately parallel to the (trike 

of the Merensky 'Reef'. Joints ere often occupied by ultramafic peg- 

matoids. This can ue seen in Photo 22, where an ultramafic peomatold 
which occupies the placo of an enorthosltic layer can hn seen filling 
a Joint and expanding above it. Jointing often delimits one side of 

the ultramafic pegmatoid bodies w hen they t ransgress the layering.



Shearing which affects both ultramafic peqmatoide and layered 
rock occurs in several localities. In others neither shearing nor 
faulting io found in the vicinity of ultramafic peqmatoide. Accor­
ding to Coertze (i960) a zone of shear extends from SE of the 

Pilaneaberg alt aline Complex to approximately the northwestern portion 
of the Gafokwng Lease area. In addition to shearing this zone la 
also characterized by the presence ofi 

ultramafic pegmatoids; 
granitic pegmatitesi 

- dykes of Pilaneeberg age.

According to Coertze (ibid) the shear zone occurs mostly in anor- 
thositic rock. ihis author suggests that ultramafic pegmatoids and 
granitic pegmatites were empleced along shears, and that the anortho- 
sitic rock is a result of the heating and re-injecting of the layered 

rock. Outcrop exposures and all surface boreholes on the northern 
boundary of the Bafokeng I ernes area were examined to test these obser­
vations. It was found that:

A SE trending zone of sheared country rock occurs on the northern 
boundary of the Bafokeng Lease area (Fig. 10). Zones of Intense 
shearing are intersected in most of the surface uoreholee drilled in 
the vicinity df the shear zone.

All surface boreholes drilled on the northern boundary of the 
mine have intersected ultramafic pegmatoids; in some of them, i.e. 

borehole 506, 51G and 518 ultramafic pegmatoid la the predominant 
reck type throughout.

.ithln and Outside the shear zone shown in Figure 10, steeply 
‘ipping granitic pegmatites form linear features, which strike NW, 

and transgresses both the layered rock and ultramafic pegmatoids.
Dykes of Pilaneeberg age are of sparse occurrence and strike NW, 

The area on the northern boundaries of the Bafokeng Lease area has 
the characteristics observed by Coertze (Ibid).

ihe relationship of ultramafic pegmatoid and sheers is made 

debatable by the fact that ultramafic pegmatoid bodies are almost 

unaffected by shearing in some boreholes, i.e. 506, whereas in others, 

i.e. 510, shearing which post-dates the emplacement of ultramafic 
pegmatoida has taken place.

At ahout 750 m above the Morensky 'Reef' several mnor»: oat to 

cumulates could be correlated from borehole 506 to 520, 675 end 691 

but are not present in borehole 510 which intersected ultrmmefIc peg-



matoid at tnie pth. In some of these boreholes several eoorthosite 
cumulates occur below this depth (750m) and cannot be correlated from 

one borehole to another. No ind'cation could be found that these anor- 
thosite bodies were trenegreasive to the layered rocks.

Faults older than ultremafic pegmatoids have not been found at 

Bafokeng. The fault exposed in 2 Went Drive, 5 'haft, displaces 
an ultramafic peg ■«told, and is the single exposure in which displace­

ment may be observed.
NW-SE trending, 0,5 to 1m thick micaceous carbonatitas, which 

often occupy fault zones, transgress ultramafic pegmatoids.

3 .  M i n e r a l o g y

a. Plagiuclase. - Within ultramafic pegmatoids plagioclma* crys­
tals of 50mm ara not uncommon. Plagioclase is usually evenly distri­
buted throughout th ' gg of ultramafic pegmatoid, forming 'pockets' 

which contrast with :.h«, dark colour of the rock.
Plagioclaro are the first crystals to form in ultramafic peg­

matoids, being replaced end fractured by clinopyroxene, oxides and 

olivine*
The following textures were found in plegioclesa contained within 

ultramafic bod os and in contacts with layered rock;
- fra luring, Photo 23. Schwellnu-J (i95b, p.128) noted that in 

paridotite pipes plagioclaeo is traversed by irregular cracks which 

ere indicative of forcible disruption.
- banding of twin planes (Photo 23) and patchy extinction of plaglo- 

clasn,
alteration to penninite,
interpenetration twinning (Photo 24) and irregular outlines 

between plagioclass crystals (Photo 25),
- granulation of p ogioclnae especially along zones of interpenetra­

tion twinning. (Photo 26).
Granulation also occurs along initial fractures and in the outer 

marnina of plegioclesa crystals. In the first case, a worm-like 

e agate of email crystals, (Photo *7), occurs in pegmatitic plegio- 

claae.
- small amounts of glide twinning especially in contacts with enor- 

thositic country rock in which the lamellae pinch out in a con­

certed fashion (Photos 23 and 27)
Alteration products, especially chlorites, usually have a rosetteiy _
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form habit and show characteristic anomalous blue interference 

colours. Occasionally the alteration tak^s the form of dark-brown 
staining, mantling magnetite.

Comparisons between plogiuclasas in the ayered rock and plagio- 
clases in ultramafic pegmatoid at the same elevation have been made 
by Coertze (1966, pp.40-41), Cameron and Oesborough (1964, p.222) and 
Ferguson and McCarthy (1969, pp.76-78). Coertze (ibid, p.40) quoting 

Van Zyl (i960, pp.66-70), describes a wehrlitic pegmatite part of 

the ferrogabbro unit " (Upper Zone) in which the An content of plagio- 
clase in 75 per cent, as compared to 48 to 50 per cent of plaqloclase 
in the ferrogabbr'' Coertze (i960) mentions that in the Western 
*roncvaal p^agioclase within an intrusive mognetile bearing mottled 
anorthosite, has 11 to 16 per cent more An than the piegioclase in 
t 3 surrounding country rock. According to the same author (1966),

An enrichment in plagloclase contained in ultramafic pegmatoid* wi h 
.aspect to those contained in the Juxtaposed layered rock, is also 

found in ultramafic pegmatoid pioes SW of the Leolo mountains. Cameron 

a d esnorough (op.cit., similarly show enrichment in the anorthite 
component in plagioclese from ultramafic pegmatoid as compared to 

agioclase of the host rocks. Ferguson and McCarthy (1969), found 

plagioci.aso in a transgrossive ultramefjc pegmatoid contained in 
ttled anorthosite, is - 5 per cent richer in the An component then 

'--'-existing plagioclase in the mottled anorthosite.

At Oafokong comparisons between pegmatitic plagioclase within 
ultramafic pegmatoid# ano plagioclase from the layered rocks were 
done by four methods (Appendix I), and are ahour in Table 11. Full 

chemical analysis gave approximately 4 per cent difference in the 

anort’ ite content of the plagioclase from the layered rock (An 79-) 
and that from the ultramafic pegmatoid (An 8^1). Tne full analysis 
of PL2 and 180 are presented in Table 15. Analysis 180 is that of 

plagioclase within the e.c.n. and analysis PL2 is that of plagioclase 
within an ultramafic pegmatoid at the same height. The recalculation 
o Na, Ca and K to weight per cent in the respective albite anorthite 

and orthoclase molecules are also shown in Table 15. Differences 

between analysis 180 and PL2 are very alight but significant. Perhaps 
the main difference is given by the alkali content which has diminished 
from 180 to PL2 by fifty per cent of the total end fourteen per 
cent of the total Nn^O.

Comparisons are also made on the basis of 100 oxygens per unit



ABLE IS . Analysis of plagioclase pr n  the a.
ultramafic pegmatoid (PL2)} and cat 
the basis of 100 oxygens.

180), from an 
:ontente on

SPECIMEN No.

180 PL 2
Si02 46,50 47,27
TiO, 0,03 0,02
a i 203 33,17 33,01
re2°J 0,02 0,08
F eO 0,29 0,43
MnO

0,02
MgO 0,35 0,60
CaO 16,29 16,30
Na90 2,25 1,83
K_0 0,44 0,21

0,17 0,16
0,94 0,72
0,08 0,07

Total 100,53 100.73 utoioftt
'"ATTPA.'Tf' rn; K, xr M T

26,4 26,9
T i 0,01 0,005
A1 22,1 22,13
F e.J 0,02
F s

2 -
Mg 0.3 0,5
Ce 10,0 10,0
N@ 2,44 2,04
K 0,2 0,06
p 0,08 0,07
H* 3,54 2,72
Tot^l - 65.17 64|445
Par cent

Albite 18,62 15,88
Anorthite 78,83 82,89
Orthocleee 2,55 1,23

P. Jones Analyst.



call, in this case we can eae that both analyses have about the same 

silica, alumina and calcium contents. In this case the main diffe­

rences are in the Na+ and K+ contents. Na+ has diminished nineteen 
per cent, and K+ seventy per cent, from analysis 180 to analysis PL2.

Results obtained by X-ray fluorescence, Na peak (Appendix I), show 

Table 16, that pegmatitic pLagioclase within ultramnfic pegmatoid 
bodies always contain a higher An content than the plagioclasa in the 
levered rock in which the ultramafic pegmatoid is contained.

Plagioclese in transitional contacts show a tendency to approach 
tne composition of plagioclaae within the ultramafic pegmatoida rather 
than that of the layer in which they are contained (Table 16).

Data obtained by optical methods, (Appendix l), showed that when 
ultrj afic pegmatoida are emplaced in the a.c.n., there is a difference 
cf - 4 par cent An, between the plaqioclase in the ultramafic pegmatoid 
which analyses An 60-82, and that of the a.c.n. at An 76 (Table 11).

Comparisons were attempted, using X-ray spectrogrephy, but results 

were not satisfactory, (Appendix I). When results could be obtained, 
the composition of the feldspars within the ultramafic pegmatoida 
showed higher values than those of the country rock. This was the 

case of a sample from borehole 553 at a depth of 181m, which yielded 
a value of 80 per cent An, which is 6 per cent higher than the value 
obtained, by the same method, for plagioclaae in anorthosite cumulates 

at the earns elevation (fig. a ).

Table 16. Variations in the An content of plagioclese across three
different ultramafic pegmatoida, in transitional contacts 
and in the host layered rock (x-ray fluorescence method).

Plagioclaae in 
the host layered 

rock

Plagioclese in 
the transitional 

contact

Plagioclaae 
in ultramafic 
pegmatoid

Rock Type A N  C O N T E N T

a.c.n. (bottom) 80-81 - 85-85

noritic cumulates 80-81 89 90-90-90-92

a.c.n. (top) 77 87 89-90-90

Each An value represents 1 analysis.

b. Clinopyroxenes. - Ultramafic pegmatoida which develop In anor- 
thositic cumulates ohow a tendency to contain more cllnopyroxene than 

ultramafic pegmatoj.de developed in pyroxenitic cumulates. In ultra­

mafic pegmatoida, olivine and oxides develop at the expense of clino-
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pyroxene but clinopyroxenes alu/aya form later and at the expense of 

plagioclases.
Within ultramafic pegmatoide clinopyroxenea show interpenetration 

relationships (Photos 28 and 29), and occasionally when they coira into 
contact with one another, narrow zones of decoloration develop. Clino­
pyroxenea in ultramafic pegmatoida show cleavages parallel to 180, 
characteristic of diallage. Some clinopyroxenes show the development 

of broad twin lamellae.
The formation of clinopyroxene at the expense of olivine as 

reported by Cameron and Desborough (1964, p.209), was not found at 
Bafokeng, where olivine usually forms after clinopyroxene. In dunitic 

pegmatoids clinopyroxene is sometimes interstitial to olivine.
At Bafokeng, clinopyroxene compositions in ultramafic pegmatoids, 

uare studied in boreholes 553, 510 and in several underground exposures. 

Variations in 2V from 48-52^ and from 1,675 to 1,699 (Appendix I), 

place the majority of the clinopyroxenes in the field of augite; 

however a minority plot in the endiopsids field. Other data ft - 
clinopyroxenea in ultramafic pegmatoids ie restricted t) that presen­

ted by Da Oruyn (1944). He gave the following compositions for the 
clinopyroxenea at Middellaagte (W.Buehveld)i diopsido-hedenbergite 

(2V - 60), and ealite 2V (61).
A chemical analysis of a pegmatitic clinopyroxene t'svoloped 

within the layered rock at the contact with an ultramafic pegmatoid 
in 3 Crosa-cut North, 5 Shaft, was carried out (Table 17). Ca, Mg 
and fe were re-calculated to weight per cent of the wollastonite, 

snstatite and ferrosilite molecules (Table 17) with the result that 
the analysis plots on the augite field, at the same place where the 
highest concentration of compositions from optical data was obtained 

(Fig. 14).
Olivines and clinopyroxenes co-existing in an ultramafic pegma­

toid intersected by borehole 510 show the following values in weight 

per cent:
01« 44 F o ; Cpx: Co 42 Mg 42 Fa 16.
In figure 14 clinopyroxenea in ultramafic pegmatoids are plotted 

against the trend of the Bushveld clinopyroxenea obtained from Atkins 
(1969), and a tie-line of co-existing clinopyroxene-olivine from ultra­

mafic pegmatoids is plotted against tie-lines from tho layered rocks.
The clinopyroxene-olivine tie-lines from the layered rocks were obtai­

ned using data fr ;m Atkina (1969), and Wager and Brown (1968).
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(■ 1G . 14. Cli nopyroxene compoai ti on and c 11 nop yr oxe ne-oli vi ne tie — lines 
in layered rocka and ultramafic pegmatoide.
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fro- Figure 14 several facts could be established, these are:
- the majority of the clinopyroxenes from ultramafic pegmatoids 

show the following composition: Ca 42, Mg 42, Fe 16,

clinopyroxenes in ultramafic pegmatoids are enriched in Fe with 
respect to both cumulus and intercumulus pyroxenes at the top 

of the Critical and bottom of the Main Zone, which plot on the 
top left corner of figure 14,

- the average fe content of clinopyroxene in ultramafic pegmatoids 

is intermediate between samples 7 and 8 of Atkina (1969, pp.230- 
231), which came from tht Upper Zone,

“ a clinopyroxeno-olivine tie-lino from an ultramafic pegmatoid 

shows a parallr'lem with a clinopyroxene-olivine tie-line from 

the layered rocks in the Mein Zone.
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Table 17. Analysis of clinopyroxene 
basis of 100 oxygens.

and cationic content

Weight 
per cent 100 0

Si0 2 57,14 31,0

Al^O, 2,89 2,0

0,98 0,4

F eO 7,27 3,7

MgO 16,0 14,6

CaO 19,32 12,6

Na-0 0,18 0,2

k20 - -

t 12°2 0,36 0,2

MnO 0,20 0,1

»20 5 0,20 0,1

h 2o- 0,10 -

h 20* 1,31 5,3

T otal 99,95 70,2

Rb

Sr
Rb/Sr

CaSiOj
MgSiO^
FeSiO,

1A p.p.m.
33 p.p.m.
0,13

42,2'’ per cent 
41,99 per cent 
15,77 per cent

Analyst*
3.P. 3ones.

c. Olivines. - In ultramafic pegmatoide at Bafokeng, olivine 
grou/r at the expense of pegmatitic plagioclase and clinopyroxene. 

Olivino often envelopes and isolates those minerals, and generally 

when included by them, the growth of the olivine crystal produces 
fractures in its host. Often olivines are interconnected by frac­

tures between themselves across a single clinopyroxene crystal. Some 

of these fractures are intermittently filled by olivine. The deposi­
tion of oxides along cracks in olivine at the interface olivine-clino- 

pyroxene is abundant. Olivine, in turn is fractured and enveloped 

jy the growth of oxides which post-date the crystallization of the 

silicate phase.
In riunitic portions of ultramafic pegmatoide, some olivines

. A , M l



show undulating patchy extinction (Photo 30). The inter-relationship 

between olivines in dunitic pegmatoids is variable. In places there 

is a tendency to subhedrality in olivine crystals, which co-exist 
with others showing highly irregular outlines. Olivine composition 

in ultramafic pegmatoids has been studied by several authors - i.e. 
Lombaard (1956), Schwellnus (1956). At the Onverwacht and Mooihoek 
pipes, Eastern Transvaal, Cameron and Desborough (op.cit.) found that 

olivino composition varies from Fo 33 to Fo 58 when the ultramafic 
pegmatoids occur in rocks of anorthositic and noritic compositions.
At Onverwacht they also found that where the "replaced rocks were 
Mg-rich pyroxanites", the Fo content of olivine is 80-84 in the core 
of the pipe and Fo 68-92 on the margin. Cosrtze (1969) has compared 
the olivine in the upper part of the ferrogabbro (Main Zone) with that 
of dunitic pegmatoid pipes which occur in the Main Zone, and found 

that both are of the iron-rich variety hortonolite (Fo 50-40). At 
Bafokeng, olivine composition was studied in boreholes 553, 510, 606 

and several underground exposures. The olivine in borehole shows 
variable compositions from Fo 49 at 140m, increases to f o 71 at 238m, 

and then decreases again to Fo 48 at 311m (Table 18). The olivine 
which gave the highest Fo content was contained in an ultramafic peg- 

matoid which has a troctolitic composition. Below this sample 
dunitic pegmatoids showing high degrees of eerpentinizntion analysed 

Fo 63.
Olivine composition in borehole 510 shows very little variation 

from 35m to 850m (Fo 42 to 44). The olivine analysed between these 

depths comes from ultramafic pegmatoids where diallage is predominant. 
The layered rock during this interval is a gabbroic cumulate. The 
sample analysed at 850m comes from a portion where the layered rock 

is anorthositic. At the contact with the Merensky 'Henf', olivines 
in fine-grained ultramafic phases are separated from the cumulus 
orthopyroxene by continuou™ margins of hornblende and have a composi­

tion of Fo 73, which is 23% richer in the Fo component than the olivine 

analysed from 35 to 850m. Approximately 2m in the footwall of the 
Merensky 'Reef, olivine within a diallage-rich ultramafic pegmatoid 

gave a composition of Fo 52 (Table 18).
Analysis of olivine samples taken within ultramafic pegmatoids 

whLi anorthositic cumulates act as host rocks for ultramafic pegma­

toids are shown in Table 19.
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TABLE 18. 0 ’ '.vine composition in ultramafic pegmatoida intersected 
by surface boreholes 55? and 510.

BOREHOLE _55?^_

Fo Content Fo Content
DEPTH Yoder-Sahama method Dambor-Smith method

(1957) (1964)

140m 49
156m 57 55
181m 57 -
238m 71 72
245m 63 «
275m 57 *
311m 48

e0REHQLE__510

F o Content
DEPTH Yoder-Sahama Method

(1964)

35m 42
512m 44
640m 44
850m 44
858m 73+
860m 52

♦ denotes fine-grained phase
Borehole 553 - Merenaky 1 Reef’ at 303m 
Borehole 510 - Merenaky 'Reef' at 858m

TABLE 19. Olivine composition in ultramaf1c pegmatoida contained in 
 _________ nnorthoaitic lowers.
Sample

No. Locality Fo
Content

Description of 
layered rock

26 5 Shaft - 2 W.Drive - 281 line 38 Anorthositic
cumulate

81 1 Shaft 345 Stops upper portion 42 Anorthositic
cumulate

24 3 Shaft 377 Stops 59 Anorthositic 
cumulate (above 
M.'Reef')

33 Vaalkop hortonolite dunite 34-35 m
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i. Olivines within the Merensky 'Reef1 in the vicinity of 
contacts with ultramafic pegmatoida.

The development of olivine within the Merensky 'Reef' when 
ultramafic pegmatoida are in contact with this layer was studied in 
345 Stope and 3 W.Drive 1 Shaft, in 287 Stope and in borehole 606. 
Figure 15 shows 345 Stope and 3 W.Drive, 1 Shaft. West of the centre- 
gully line of 345 Stope, the footwall haulage intersected several 
transgressive ultramafic pegmatoid portions which form part of the 
same ultramafic pegnatoto intersected in 345 Stope (Fig. 15, Plan). 
Approximately 25m before tne end of 3 West Drive, the Merensky 'Reef 
plunges into a depression which was exposed by the haulage and is 
transgressed and over- and underlain by ultramafic pegmatoid (Fig. 15, 

section C). On the western portion of 345 Stope the same ultramafic 
body develops extensively below and alec within the Merensky 'Reef' 
(Fig. 15, Sections A and 8 ). In Section C the portion of Merensky 

'Reef contains olivine where it is exposed by the southern sidewall 

and where it is surrounded in the two exposed directions by ultramafic 
pegmatoid. In 287 Stope and borehole 606 ultramafic, pegmatoida under­
lie the Merensky 'Reef.

;n the three examples studied, when ultramafic pegmatoids either 
surround or underlie the Merensky 'Reef, olivine is present witnin 
the Merensky 'Reef' at distances which vary between 0,1 and 2,Cm 
from the ultramafic pegmatoid. Within this distance olivine occurs 
as follows:

anhedral crystals enveloping or partially surrounding both cumulus 
orthopyroxene end Intercumulus plaqiocleae,

at the expense of orthcpyroxene in a single cumulus grain, of 
which half is orthopyroxene and half olivine (Photo 31), 
included in interstitial feldspar. These olivines show 0,1mm 

appendixes protruding into the feldnpor. Olivines included in 
feldspar occasionally show 0,2mm margins of orthopyroxene (Photo 32) 
included in orthopyroxene cumulus. Some of these olivines show 

subheJral to almost euhedral outlines. Grown staining probably 

produced by iron oxides was observed between the included olivine 
and the orthopyroxena. Fracturee radiating from the included 
olivine into the orthopyroxene were also observed.

Usually olivines included in orthopyroxene or replacing ortho- 

pyroxene are the occurrences found farthest away from the contact with 
the ultramafic pegmatoid.



Olivine composition in 3 W.Drive 1 Shaft (Fig. 15, Section C 
southern sidewall) shu"$ zonation. The composition of olivine in thj 

ultramafic pegmatoid below the Merensky 'Reef' is Fo 38, within the 
Merensky 'Reef' Fo 82-85, and from 0,3 to 0,4m above it, where no 
cumulate textures are preserved Fo 71 to 48.

Olivines from fine-grained ultramaf ic phases found along sections 

A and 8 (Fig. 15) when ultramaf ic pogmatoids are in contact with the 
Merensky 'Reef were analysed , giving a composition of Fo 57-58 
(Table 20).

Differences in Fo content of olivine in fine-grained ultramafic 
phases and those included in the overlying Merensky 'Reef were also 
found in 287 Raise, 5 Shaft. The olivine in fine-grained phases analy­

sed Fo 56 and the olivine included in orthopyroxene Fo 79 (Table 20),

Variations in the Fo content of olivine were also found in 
borenole 606, from Fo 78-79 in a troctolitic pegmatoid underlying the 
Merensky 'Reef, to Fo 76-77 in olivines enclosing chromite cumulus, 

to olivine 68 within the overlying Merensky 'Reef (Table 20).

d. Orthopyroxenes. - At the Merensky 'Reef elevation orthopyroxene 
ore often included by ultramafic pegmatoid. The occurrence of ortho- 
pyroxene grains in ultramafic pegmatoids away from the Merensky 'Reef 
was observed only once in borehole 553, and several times in borehole 
510. Thesu crystals are always isolated and show eigne of resorption 
to olivine and clinopyroxene. They may be included in clinopyroxene 
crystals in which case they ere fractured perpendicularly to the clino- 
pyroxeno cleavages. Orthopyroxene may also be intermittently sur­

rounded by hornblende. Olivine forms at the expense of these ortho­
pyroxene relics, embaying and fracturing them. Compositional compari­
sons between these orthopyroxenes and those of the layered rocks at 

approximately the same elevation showed that both have the same En 

content (Table 21).
In 345 Stope, (Fig. 15, Section B ), again orthopyroxene within 

an ultramafic pegmatoid showed resorbed edges to olivine and clino- 

oyroxene. Four 2V readings could be obtained on arthopyroxeno 

within the ultramafic pegmatoids in the places marked X, Y and Z in 
Fig. 15, Section 0. The En contents of those pyroxenes En 76, 70 

and 74 respectively, show the same variation as those contained in 

the adjoining Merensky ' R e e f , plagioclaee cumulate and plsgioclase- 
orthopyroxene cumu.ato respectively.
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FIG 15, Plin anil sections showing Gehaviour of ultremafic 
pogmatri.j in 3^5 elope and 3'J Drive,! Shaft.
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TABLE 21. Composition of orthopyroxenes found ml thin ultramef ic 
pegmatoids( and comparison with the orthopyroxene 
composition of the layered rocke at approximately the 
same height.

Oh No. Depth above 
M. 'Reef*

% En of Opx 
within U.P.

En of Opx (at 
samo height in

approximately the 
the layered rocks

510 856m 68 834m 68

510 254m 72 255 n 73

510 104m 73 114m 73

553 41m 71 - *

510 1m 75 2m 75

M . 1 Reef1 - Merensky 'Reef*
U.P. - Ultramafic pegmatoid
Opx - Orthopyroxene

■ s « » B * w « e s e a B C B * e * c « e s e c e « e e K a e e B S B e w B B s e « * c e e « w * s « « B « » B » e e e « « e * s * s » e »

e. Amphibolea end other ailicato minorala. - Amphibole occurs 
widely in ultramafic pegmatoids. ’he amphibole is hornblende, and 
is normally found associated with olivine, oxides or cllnopyroxenes.
In ultramafic pegmatoids hornblende occurs as intermittent rime around 
oxides, and commonly forms at tha expense of cltnopyroxene, the latter 
controlling to a certain extent the crystallographlc orientation
of the former. Replacement occurs along cleavages, partings and alec 

marginally. In ultramafic pegmatoids mica is sparsely distributed and 
is reported to be phlogopite iWillemss 1969a). Quartz was found to­
gether with ferrotschermakite in a contact between ultrsmnfic peqrr.a- 

toid and a tonalitic pegmatite, furthermore one quartz crystal end 
biotite were found included in an ultramafic pegmatoid of the 5 Shaft 

area.

f. Oxides. - According to Deer nt alii (1966, p.428) the magnetite 

minerals are composed of a continuous series in the spinel group, fhe 
oxide minerals found within the ultramafic pegmatoids belong to the 
magnetite series. "A considerable amount of Ti can enter the magnetite 

structure and there is a contlnuoun relationship between magnetite and 

the ulv'depinel molecule fe^TiC1̂ ." Deer et alii (ibid, p.428) recommend 
that the term titanomagnetlte be restricted to specimens where tha 

presence of an ulvtiaplnel phase can be demonstrated.
Cameron and Deeborough (1964, p.209) demonstrated the presence 

of fine ulv'dspinel intergrowths in titanomagnetlte pegmatoid phases



of the Eastern Transvaal. At Bafokeng, magnetltita pegmatolda were 

studied mainly in the vicinity of the Merenaky 'Beef, whc.e they 
develoo below chromitlta layers. Magnetitite pegmatoids are com­
posed essentially of e mineral which shows the following characteris­
tics: a reflectivity between 15 end 16 per cent, a Vicker's hard­
ness of 780-900 kg/cm\ is light grey under polarized light, is 
anisotropic and has low birefringence. The reflectivity and birefrin­

gence are lower and much lower respectively, than those of ilmenits. 
The properties of this mineral ea compared to those of ilmenite and 

magnetite are given in Table 22. The presence of ulvtispmel could 
not be demonstrated by X-ray techniques, therefore the term magnetite 

is retained for this mineral (Photo 33).

TABLE 22. Reflectivity and Vicker's microhardness of
magnetite and ilmenite as compared with an oxide found 
within ultramafic pegmatoids at Bafokeng.

Vicker's microhardness 

kg/ cm2

Reflectivity

%

* Magnetite 480 - 740 20 - 21

* Ilmenite 520 - 730 17 - 22

Mineral at Bafokeng 780 - 900 15 - 16

* Data from McLeod and Chamberlain (1968).

Very thin lamellae of a highly anisotropic birefrinqent mineral, 
which could be hercynite, transacts both magnetite and ilmenite in

magnetitite pegmatoids.
Magnetite is predominant over ilmenite in both magnetitite peg- 

matoid bodies found below some chromitite layers and in interstitial 
late oxides within diallagite or olivine rich ultramafic pegmatoids. 

Locally, however, ilmenite rich phases may predominate (Photo 34).
Schwellnus and Willemse (1943, Plate V), have described "moth- 

eaten" patterns of titeniferous magnetite qradinq through magnetite 

into maghemite, from surface sampling of the magnetitite pegmetnid 

pipe found at Goedgedacht, Bafokeng Mine. Samples from underground 

exposures do not show these textures, which were presumably produced 

by oxidation.
Other textures within magnetitite pegmatoids, are those displayed 

by ilmenite in magnetite. Ilmenite occurs as:



coarse exsolution lamellae (- 8 mm), 

very thin (- 1 mm) lamellae, 

individual grains,
along partings in magnetite, end as coarse aggregates and rims
in the limits of magnetite rich phases. , ...

from m ag netite
It is noticeable that exaolution of ilmenite often takes place 

around sulphide grains.
Cangue bearing fractures seme containing irregularly distributed 

oxides transect some magnetitite pegmatoids. Also within magnetitite 

pegmatoids skeletal blades of ilmenite are preserved in a mesh of 
ilmenite and silicate. The blades are evidently produced by exsolu­
tion of ilmenite in a mineral which is no longer present (Photo 35). 

Skeletal textures in magnetite are abundant when ultramafic pegmatoids 
are in contact with late granitic pegmatites, end are associated with 
intense amphibolizetion of the silicates within the ultramafic pegina- 
toid. Fractures filled by hematite cut through the magnetitite pegma- 

toida in some polished sections. When magnetitite pegmatoids come 
into contact with chromitite layers gradations in reflectivity and 
unit cell dimensions occur (Fig. 11). Within the chromitite layer where 
cumulate textures are preserved, the following textures were observed: 

veinlete of magnetitite transecting chromite cumulates, 
deposition of magnetite around the chromite crystals, from which 
veinlets of magnetitite transect the chromite (Photo 36).

g. Sulphides. - Volumetric studies of sulphides in ultramafic 
pegmatoids have been made by Liebenberg (1969, p.191). Van Reneburg 
(1962) studied the sulphides in the magnetitite pegmatoid at Kennedy's 
Vale, Eastern Transvaal end showed that the paragenetic sequence was 

pyrrhotite, pentlandite, chalcopyrite, cubanite. Stumpfl (1961) 

studied the sulphides present in a dunitic pegmatoid at Driekop using 
an electron microanalyser, and besides describing several new sulphides, 
found that platinum occurs as ferroplatinum.

When comparing the compositions of the sulphide phrse of an 

ultramafic pegmatoid found at Mlddellaagte with that of the Merensky 

'Reef' in the same locality (Table 23), it becomes apparent that: 

there is a decrease in the volume of pentlandite and chalcopyrite 

in the ultramafic pegmatoid,
- pyrrhotite is still the predominant sulphide by volume, but its 

volumetric proportions are higher in the ultramafic pegmatoid then
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in the Mereneky 'Reef’,

the presence of cubanite in the ultrcmafic pegmatoid suggest* iron 
enrichment.

TABLE 21. Volumetric percentages of sulphides in the Mereneky
pegmatoid 'Reef' as compared with sulphides In ultra- 
mafic pegmatoids (after Oe Bruyn, 1944).

Sulphide
M I D D E L L A A C T E (W. T V L)

Mereneky Pegmatoid 'Reof 
(De Bruyn, 1944)

Ultramafic pegmatoid 
(De Bruyn, 1944)

Pyrrhotite 45,1 85,6
Pentlandite 41,7 7,<
Chalcopyrite 16,1 1,1
Cubanite - 5,8

In decreasing order of abundance the sulphides encountered in

jltramafic pegmatoids at Bafokeng are: pyrrhotite, thalcopyrits, pent-
landite, cubanite and pyrite. Liebenberg (op.cit.) reports also
traces of mackinawite in these bodies and claims that sulphides found
in the hortonolite dunitee are dominantly pyrrhotite and cubanite,

whereas the sulphides in the forsterite dunites cf Onverwacht and
Mooihoek contain mostly pentlandite. At Bafokeng either chalcopyrite
or pentlandite may predominate over the other in different sections of

an ultramafic pegmatoid. When these bodies occur in direct contact
la rge r than usual

wi‘.t the Mereneky 'Reef lergwr sulphides^develop within the ultramafic 

pegmatoid and pentlandite generally predominates over chalcopyrite.

At Bafokeng the distribution of sulphides in ultramafic pegma- 
toida varies from one body to the other; borehole sections of some 
ultramafic pegmatoids showed lengths of more than 100m, in which 
sulphides, mainly pyrrhotite and also pentlandite and chalcopyrite, 

were abundant. Other sections of the same borehole are barren of sul­
phides.

The textures end abundance of the different sulphides were studied 

across the pegmatoid layer of the Merersky 'Reef when it is under­
lain by a magnetitite pegmatoid which in turn is underlain by an 
olivine diallagite pegmatoid.

Within the Mereneky 'Reef pegmatoid, pyrrhotite predominates 

over pentlandite and chalcopyrite, the relative percentage being



given in Table 3. Pyrrhotite forma roughly 80$ by volume of the 
sulphides present within the magnetitite and underlying olivine 

diallagite peqnatoid, the remaining 20% being mostly pentlandite 
and chalcopyrite with negligible amounts of cubanite and pyrite.

Within the magnetitite pegmatoid two sulphide generations are 
in evidence. The first generation forme roundish blebs and the 

second is filling cracks and fractures, being formed at least par­

tially at the expense of the first generation. The first sulphide 
generation is composed mainly of pyrrhotite chalocpyrite and pent­
landite. Pyrrhotite forms at the expense of chalcopyrite and pent­

landite, and magnetite forms at the expense of ell the sulphides, 
filling cracks within sulphides and being deposited In tl margin 

of sulpnide blebs and along cleavages.
Fine dissemination of chalcopyrite and pentlandl.e in pyrrhotite 

cr magnetite do occur. The texture termed 'birds '■/a* (Stumpfl op.cit. 

develops in pyrrhotite blebs, magnetitite being concentrically 
disposed within the pyrrhotite (Phuto 37). S ’me pyirhotite blebs 

show disseminated magnetite. When seen unlar 'igh magnification it 
is evident that the magnetite within the pyrrhotite shows the be­

ginning of a concentric alignment.
When magnetite comes into contact with the bleb! a migration of 

tho sulphides to cracks end away from the magnetite is common 
(Photos 38 and 39). Cracks filled with pyrrhotite displace ilmenlte 
exsolved from magnetite indicating movement of the second sulphide 

generation after oxide deposition.
Within skeletal textures in oxides small blebs of chalcopyrite 

are present which could represent a sulphide phase which crystallized 

at a different time from the ones described previously (Photo 35),

4. Chemistry.

It would appear that modal analysis of ultramafic pegmatoids 

differ considerably amongst themselves, dnd also compared with modes 

from ultramafic pegmatoids analysed in the Eastern and Western 

Transvaal by other authors. Differences in the major elements ere 

reflected in the normative components. Variation in the proportions 

of plagioclase, ilmenite and diopside emphasise the different chemis­
try of the ultramafic pegmatoids. The presence of hyperetene as a 

normative mineral presents a further difference with the modal 

components. Ultramafic pegmatoids plot very near the MgO-FeO base
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line showing Federate spread but (Fig. 5) populating separately from 

the rocks of the layered rocks showing iron enrichment. In ultramafic 
pegmatoids there is a great variation in the normative components of 
different samples. Table 4,

a. Standard Cell calculations. - Standard cell calculations, on 
the basis of 100 oxygens, were carried out on rock analyses from 
8 ?fokeng and selected samples from the available literature. The 
aim was to compare ultramafic pegmatoids at Bafokeng with portions of 

the layered rocks and with ultramafic pegmatoids from the Western 
uustern Transvaal. Analysis of ultramafic pegmatoids by Lieben- 

jerg (i960), De Bruyn (1944), Schwallnus and Willemse (1943) and 
Van Zyl (1969), were recalculated to standard cell cationic per cent. 

Results are presented in Table 24. As ell the analyses, other then 
those of Schwallnus and Willemse (ibid) were taksn from the compilation 

made by Visser (1964) the numbers used by this latter author are pre­
ferred over the o r i gnal numbers.

The average ultramafic pegmatoid below the Merensky 'Reef' was 
compared with the average noritic, pyroxenitic and anorthositic 
cumulates below the Merensky 'Reof', Table 25. The most dramatic 
decrease from layered rock to ultramafic pegmatoids, is that of A 1 , 
but Na, K and Si always diminish from cumulates to ultramafic peg­
matoids. Calcium is higher in ultramafic pegmatoids than in pyrox­
enitic end noritic cumulates, but a little is needed to reach the Ce 
content of anorthositic cumulates. Magnesium, is higher in pyrox- 
enite cumulates than in ultramafic#, but it is lower in anorthositic 

and noritic cumulates. Ultramafic pegmatoids are extremely enriched 

in total iron as compared with noritic, pyroxenitic end anorthositic 
cumulates.

Samples R22 and R15 taken by Schwellnus and Willemse (Ibid,

Table I), from the magnetitite pegmatoid hill on farm Goedgedacht 114 
(Fig. 10), were averaged. This composite sample shows the highest 

iron content, being 60 per cent of the cationic content.

Analysis 876 from the farm Vaalkop 275 represents the highest 

iron concentration in a hortonolite-dunite pegmatoid found at 

Bafokeng (34 per cent of the cationic content), and it is slightly 
greater than that of UP6MR, (30 per cent of the cationic content).

Comparing the iron content of ultramafic pegmatoids throughout 

the Critical Zone, it becomes apparent that of the rocks analysed
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Standard cell calculation

SAMPLE No. ROCK TYPE LOCALITY REFERENCE

R22 + 15 Magnetitite Bafokeng * Schwellnus

Pegmatoid Willemae (1943)

676 Hortonolite Vaalkop Liebenberg

Ounite (Bafokeng) * (1961)

Z 1060 Wehrlite Suiartklip Van Zyl

(W.Tvl) (1969)

892 Hortonolite Middellaagte De Bruyn

Wehrlite (W.Tvl) (1944)

875 Hortonolite Bultfontein Liebenberg

Ounite 259 30 (1960)

(W.Tvl)

877 Hortonolite Middellaagte De Bruyn

Ounite (1944)

871 Hortonolite Mooihoek Oe Bruyn

Ounite (1944)

872 Hortonolite Onverwacht De Biuyn

Ounite (1944)

865 Hortonolite Onveruiacht Liebenberg

Ounite (1960)

866 Hortonolite Mooihoek Liebenberg

Ounite (1960)

867 Hortonolite Mooihoek Liebenberg

Ounite (1960)

*  u Analyses from Bafokeng Pin-;#
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this olemunt dooa not shorn progressive enrichment upwards. Ultramafic 
peqmatoids from Onvarwacht and Mooihoek, which are contained in earlier 

cumulates show a higher total iron content than some of the ultramafic 

peqmatoids of Bafokeng (Table 2 4 ).
Iron content in ultramafic pegmatoide does not seem to be 

connected with the type of host rock. Sample UPMR, where the host 
rock is a pyroxenite shows an iron content which is intermediate 
between those of samples GBGf and UP9MR where the host rock is an 
anorthosite. Both conformable and transgreseive ultramafic pegmatoide 
show high iron contents, e.g. magnetitite pegmatoide below chromitite 

layers, and samples R22 and 15 respectively.
In an attempt to elucidate comparable trends in ultramafic 

prgmatoids, total cationic iron (fe ♦ Fe ), was plotted against 

the remaining cations (Fig. 16). The plots of iron against Ca and 
against Si reveal a covariance. As the iron content increases the 
calcium and silica contents decrease. Plots of total iron against 

Al* * * and Mg* * show a scatter of points.
The Mg content in samples, other than the titanb-magnetitite pipe 

(Sample R22 ♦ 15), is very regular in ultramafic pegmatoide analysed 
at Bafokeng. The Mg* * content of ultramafic pegmatoide from Onver- 
wacht (samples 872-865) and Mooihoek (samples 871-366-867) where the 
host rock3 were Mg-rich pyroxenites, ia variable, but is higher than 
that of ultramafic pegmatoide at Bafokeng. However, Mg* in sample 

UPMR, where the host rock is the Merensky 'Reef' shows very little 

difference with the Mg4 * content of other ultramafic pegmatoide 
(Table 24), end is lower than that of sample 553 where the host rock 

is a gabbro.
Alkali distribution throughout ultramafic pegmatoide is very 

low, especially that of «♦, which is balow the dstection limits in 

no,ne cases. The highest K+ content observed, is that of a wehrJite 

(Z1060, Van Zyl, 1969), which shows 1,67 per cent normative ortho-

The Ca+* content of ultramafic pegmatoide at Bafokeng is very 

variable, from 5,5 to 11,4, Table 24, and is generally very much 

higher than that of ultramafic pegmatoide from Onverwacht and Mooihoek. 
An average of three ultramafic pegmatoide emplaced in anorthositic 

rocks (Table 25) gave a Ca++ content of 8,6, as compared with Ca 6,4 
per cent of the ultramafic pegmatoid within the Mereneky 'Reef'(UPMR).

Alumina in ultramafic pegmatoide other than 553, which includes

clase
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troctolitic pegmatoid phaaaa, show? little variation.

b. Trace element*. - Ultramafic pegmatoid* were analysed for Zn,
Cu, Ni (Table 5 and 6 ), S (Table 7) and Rb-Sr (Tables 8 to 10). See 
Appendix I.

Wager and Mitchell (1951, p.158), showed that zinc tends to 
rwplace Fe when in fourfold co-ordination. They conclude; "The 

presence of Zn in magnetite in which Fe has a fourfold co-ordination 

and its virtual absence in ilmenite in which the Fe has a sixfold 

co-ordination is in harmony with Neumann's conclusions". Wager and 
Drown (1968, p.200) quoting Woods (1961) suggest the same possibility.
In ultramafic pegmatoids at Bafokeng Zn increases with total iron 

content (Fig. 17). From Table 5 it is also evident that Zn is enriched 
in ultramafic pegmatoids with respect to tie layered rocks. Pyroxenitee 

show the highest Zn contents of the layered rocks analysed: sample

UPMR taken when the host rock is a pyroxenite shows the highest Zn con­

tent of all the ultramafic pegmatoids analysed.

The average Cu and Ni contents of ultramafic pegmatoids are 248 
and 435 p.p.m. respectively. Liebenberg (i960, Table 210) has found 
the following Cu values in u -ramafic pegmatoids of Onverwacht and 
Mooihoek; 162, 6 and 36 p.p.m. In the same samples Ni was 540, 320 
ans 350 p.p.m. respectively. These values show that ultramafic peg­
matoids at Bafokeng are generally enriched in Cu and have approximate­
ly the same Ni content os thosa analysed by Liebenberg (op.cit.), 

lower down in the Critical Zone.
The average Cu content of the average dunitic rocks is, according 

to Coles (1967) 30 p.p.m., and the Ni content reaches 1770 p.p.m.
Those values do not approximate the average values obtained in ultra- 
mafic pegmatoids at Bafokeng. The relative abundance of Cu and Ni in 

ultramafic pegmatoids is subject to variatione in different parts of 
the same body because of variations in the abundance of Cu Ni sulphi­
des. Partial sampling by the Assay Department of Bafokeng Mine, of 

borehole 553 showed that, from 93m above the Mereneky 'Reef', to 156m 

above it, Cu almost always exceeds Ni content. Within this strati- 

graphic interval Ni averages 292 p.p.m., whereas Cu averages 415 

p.p.m., and the Ni/Cu ratio is 0,7, However, a sample taken below 

this depth, 553, shows that nickel la predominant. Sample 553, which 

is a composite from 40 to 66m above the Mereneky 'Reef', is composed 

mainly of dunitic and troctolitic phases.



Variations in the Ni/Cu proportions apparently occur in several 

ultramafic pegmatoids. De Bruyn (1944) showed that at Middellaagte 
Ni varies between 0,33 to 0,62 per cent and Cu from 0,40 to 0,54 per 

cent.
The factors which may affect the Cu Ni distribution in ultra- 

mafic pegmatoids will be examined briefly. The higher Cu content of 
an ultramafic pegmatoid, that of sample UPBMR, coincides with the 

higher total iron content; however in ultramafic pegmatoid from 
Bafokeng there is no apparent covariance between Cu and total iron 
content (Fig. 17), even though Cu is known to replace ferrous iron 
in ferromagnesian minerals and iron ores (Wager and Mitchell, 1951, 
p.190). In ultramafic pegmatoids plots of Ni against MgO (Fig. 1?) 
show that there is a covariance between both. Evidently upon discuss­

ing the Ni content of ultramafic pegmatoids it is of utmost importance 

to determine how nickel would behave in an environment which is being 

onriched in iron. Wager and Brown (1968, p.168) have shown that 
nickel readily enters ilmenite and magnetite; however, when plotting 
Ni against total iron in ultramafic pegmatoids analysed at Barokeng, 
these elements do not show a covariance. Comparisons between the Cu 
and Ni contents in ultramafic pegmatoids and the layered rocks, were 
made to try to establish if fractionation had taken place in ultramafic 

pegmatoids. Ultramafic pegmatoids at Bafokeng have 2,1 times less Cu 
and 5,6 times less Ni than ultramafic rocks from the Western Trans­

vaal, Liebenberg (1969, Table 30). .cramafic pegmatoids oF

Bafokeng are compared to the avera' ,iven by Liebenberg (Ibid,
Table 29) for ultramafic rocks of the Bushveld Compl-sx, the following 
data is obtained: ultramafic pegmatoids have 7 times more Cu and 1,6

times less Ni. The Cu content of ultramafic pegmatoids at Bafokeng 

is higher than that of all the analysed layered rocks but the Merunsky 
•Heef1. If we compare the Ni content of ultramafic pegmatoids with 

that of the layered rocks at Bafokeng, it is found that: the Ni con­

tent of the ultramafic pegmatoids ie similar to that of the noritic 

cumulates of the footwall of the Merensky 'Reef; is higher than 
that of the anorthositic cumulates, but lower than that of the pyrox- 

enitic and pegmatoid pyroxenite cumulates. In the ultramafic pegma­

toids at Bafokeng, the Ni content is lower than that of the magnetites 
and magnetite gabbroe of the Upper Zone as given by Liebenberg (1969),

which is 600 p.p.m.
From figures given by the Assay Department of Bafokeng, it was
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FIG. 17. Plots of C u/Fb O- Ni/FeO- Ni/MgO, and Zr/FeO in 
ultremafic pegmatoids from Oafokang.
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TIG. 18. Cu-Ni content of ultrnmafic peqmatoida in the vicinity 
of the Mereneky ’Reef',
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FIG. 19. Vprlation of Cu, M ,  Zn, Sr and S in ultramafic pegmatoide 
taken above, within and below the Mereneky 'Reef'.
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found that when the Mereneky 'Reef la underlain and/or transgreaaed 

by ultramafic pegmatoide, it generally ahowa a depletion in PGM, Cu 
and Ni. The ultramafic pegmatoide which overlie and underlie the 
Mereneky 'Reef are uaually enriched in PGM, Cu and Ni. These same 

facta were described in the Ruatenburg district by Wagner (1973). A 
compari on between the Ni and Cu content of the Mereneky 'Reef and 
the ultramafic pegmatoide in its vicinity, ia given in figure 18. 
rrom figure 18 it can be seen that ultramafic pegmatoide «now Cu Ni 

values above average in the area next to the contact with the 

Mereneky 'Reef.
Samples G8GF-UPMR-UPAMR, which are from a sequence of ultramafic 

pegmatoide taken immediately below, within and above the Mereneky 

'reef t show a nickel and S peak coincident with toe Mereneky 'Reef 
position. This is more noticeable because the nickei content of 
both the sample taken below, GBGF, and the one taken above, UPAMR, 

which show 267 and 276 p.p.m. Ni respectively, are less than half 

the Ni content of UPMR. Figure 19 shews the behaviour of the 

different trace elements in the above described samples.
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The ultramafic peqmatuida which ehow the highest sulphur content 
(Appendix I) (Table 7) are both in the footwall of the Merensk/
'Reef', samples 553be and UPBMR, and both of them show higher S 
concentrations than the ultramafic oeqmatoid eamole taken at the 
Merenskv 'Reef elevation (UPMR). Average S in ultramafic oeqme- 
toids (1750 o.p.m.) seems to be higher than that of the Bushveld 
Magma, which, according to Liebenberg (1969, o.200) who accented the 
S content of the Hendriksolaas norite as reoresentative of the magma, 

is 228 o.o.m. S content in ultramafic peqmatoids is also higher than 
the average value of 150 o.o.m. for the Comolex as a whole.

Comoared to the layered rocks analysed at Bafokenq, Rb is at 
its lowest concentration in ultramafic oegmatoids, however. Sr is 
also low in ultramafic oeqmaLoios, almost three times less than in 

oeqmatoidal ovroxenite cumulates and 19 times less than in anortho- 
sitic cumulates, (Table 9), with the result that Rb/Sr ratios are 

higher in ultramafic oegmatoids than in most of the layered rocks.

The Sr content in layered rocks and ultramafic oegmatoids, is clearly 
affected by the olaoioclaee content, as shown by sample 553 with 144 
p.p.m. Sr. which was not taken into account in the averages (Table 8 ). 

The factors controlling the Rb content in ultramafic pegmatoids could 
be the presence of amphibole and mica. Wyllie (1967, p.75) has shown 
that in ultramafic rocks the Rb content is very sensitive to the dis­

tribution of email amounts of amphibole. Comparisons between the Rb/

Sr data obtained at Bafokeng and data from Davies at alia (1969) 
and Liebenberg (1960) are given in Table 10, Appendix I.

5. Description of structures in the layered rocks which

ware studied in connection with late ultramafic peqmatoids.

a. 344 East Stops, Figure 20. - In most of this stops the footwall 

of the Merensky 'Reef is formed by anorthositic heteradcumulate. In 

a portion of this stope the Merensky 'Reef' end its immediate footwall 
are folded (see Fig. 20). At tne apex of the fold the Merensky 'Reef 
is at 795m below datum. The Merensky 'Reef' plunges to 801m below 

datum, dipping at. 50°N over 6 metres, before returning to the average 

dip of 1 0 3 below contour 801. An ultramafic pegmatoid is partially 
juxtaposed, with this fcld, being emplecad corformably in the anortho- 
site heteradcumulate. The ultramafic pegmatoid shows both fine-grained 

transitional and sharp contacts with the anorthosite. Both the anor- 
thosite and ultramafic pegmatoid ehow extensive fracturing in the con-



FIG. 20. Plan and section showing behaviour of the layering on
344 east stops, and intersection by an ultramafic pegmatoid.
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tact zone. Between contours 802 and 804 a normal Merensky 'Reef' 
is underlain by ultramafic pogmetoid. Within the Merensky 'Reef' 
above the apex of the fold, cumulus orthopyroxenes are completely 
deformed and bent, however there is no disruption of the overlying 
Merensky 'Reof by the ultramafic pegmatoid which has a conformable 
contact. Cantly folded structures in the layered rocks occur in the 
same stops, and in other portions of the mine, without any obvious 
connection to ultramafic pegmatoids.

b. 377 Raise. Fig. 21. - Ae we prog.ess up dip on this Raise, thi 
Merensky 'Reof is seen emerging from a depression, which is also 
occupied by a poorly exposed ultramafic pegmatoid which contaminates 
the overlying plagioclase cumulate with olivine (fo. 59). After a 

brief disappearance in the hangingwall of the tunnel the Merensky 

'Reef is seen again resting on a plagioclase cumulate which is part 
of the normal layered rocks. Both are transected by a micaceous 

carbonatite. Further up dip, (see lower part of figure 2.1), both 

the Merensky 'Reef and the plagioclase cumulate immediately under­
lying it, form a depression and the Merensky 'Reef grades laterally 
to a plagioclase-orthopyroxene cumulate.

Within this depression, the following features were observed
- A 1,8m wall developed orthopyroxene-chromite 'lenee'. The £n 

content nf the orthopyroxenes of this 'lense' is En 8U, which is 

similar to that of the orthopyroxenee of the Merensky 'Reef in 
the same Raise line.

Plagioclase cumulates form intermittent layers which show rapid 
lensing.

- Locally, 'pockets' of massive sulphides are trapped between the 
intermittent plagioclase cumulates.

- Over a distance of 0,4m the chromitite layer underlying the 

Merensky 'Reef splits to form four thin eepa'ate chromite layers.
On the up dip aide of these features a email pipe-like structure, 

. 1 to 3m wide, transgresses the plagioclase-orthopyroxene cumulate 

which forms the immediate footwall of the Merensky 'Reef. This 

• pipe was investigated because of a possible genetic connection with 
the ultramafic pegmatoid intersected 35m down dip. The mineralogy 

of the tranagreasive pipe is completely different to that of ultra- 

mafic pegmatoids, being of noritic composition. It consists of ortho- 

pyroxene and plagioclase, the former becomes more abundant towards 

the upper portion of the pipe. The orthopyroxene forme clusters in
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FIG. 21. Sections showing structures in 377 Raise 

(drawings based on photog.apha).
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which platinum, copper aid nickel sulphides co-exist with chromite 

crystals. The En content of this orthopyroxene is 80 to 82 per cent, 
which is higher than that of the orthopyroxenee of the footwail 

of the Kerensky 'Reef, En 76, but similar to the En content of 
orthopyroxenes within the Kerensky 'Reef', En 80-82.

c. No. 1 Shaft, 1 East Drive. Fig. 22 . - Mining operations 
intersected a micaceous pipe in the East Drive of tne 1 Shaft, SE of 
borehole 529, which was originally thought to be an intrusive breccia. 
At the position of intersection by the tunnelling, the pipe has a 

diameter of 30m, and is intersected by a micaceous cerbonatlte dyke, 

which strikes approximately east-west. Preliminary studies on this 
pipe, showed it to be composed of fragments of layered rock in a 

highly altered matrix. A magnetic survey over the zone occupied by 

the pipe was done by Mr. A. Linde (1968-9) who found the following 
magnetic anomalies, starting from the outside:

a remarkably symmetric high magnetic anomaly, which ranges from 
300 to 480 2T and can be correlated with the pipe,
Immediately insloe this a zone of low magnetic intensity, end 

- Further there is a zone in which the magnetic intensity is again 
high (400 <f).

A zone of high magnetic intensity protrudes towards the west in 
the direction of 141 Raise.

According to Mr. A. Linde (1969), who interpreted these features, 

"the intrusive body widens from 1 Cast Drive towards surface and 
narrows with depth, from a crude separation it appears that most of 
the magnetic fraction is pyrrhotite with smaller amounts of magne­

tite". The author's attention was attracted by the fact that the 

protruberance of the magnetic anomaly points to 141 Raise towards a 
5m wide, ultramafic pagmatoid which transgresses the layering on this 

raise. This is the closest observed ultramafic pegmatoid to this 

micaceous pipe. Figure 22 shows an ultramafic pegmatoid outcrop 
which occurs up dip from the micaceous pipe, and furthermore surface 

drilling in the No. 1 Shaft area has proved the existence of various 

ultramafic pegmatoid bodies. In an attempt to investigate the possi­
bility of a connection between the micaceous pipe intereectod in 
1 East Drive and ultramafic pegmatoide, one underground borehole was 

started at position 246A (Fig. 22), but it had to be abandoned due tc 

poor hangingwall conditions. The drill was moved to position 248,
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FIG. 22. Magnetic anomalies produced above e micaceous pipe.
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where a second borehole was drilled to intersect the Merensky 'Reef1 
and 83B how it was affected by the micaceous pipe. The shape of the 

pipe could not be established from these underground boreholes or 
from the drive intersection, however, several facts became apparent:
The matrix of the pipe completely or partially surrounds the country 
rock fragments in situ, and there seems to be no displacement or 
transport from one layer to another. The Merensky 'Reef' is affected 
in the same way by sparse zones with a brown micaceous matrix which 

becomes still less abundant below the Merensky 'Reef'. Grown mica is 
present as rod-shaped crystals, which locally show stronger pleochroiem 
on the outlines of the crystal. Portions of the matrix show intercon­
nected veinlets of cnlcits, which form networks, which ere of later 

formation than the matrix.
Alteration of plagioclase end orthopyroxene cumulates in country 

rock fragments seems to have proceeded from the periphery inwards, 
producing resorbed margins. Opaque minerals and se.icite, which are 

alteration products, form halos which are concentrically distributed 
around plagioclase remnants. Optical data of the minerals in the 
layered rock and incim country rock fragments at the Drive inter­
section gave the following compositions: orthopyroxene En 72, plaglo- ' 
class An 73. Locally a mineral of acicular habit, probably a zeolite 
(?) has grown concentrically around plagioclase. The elongated direc­

tion of the zeolite fibres are perpendicularly orientated to the 
surrounding plagioclase. X-ray photography failed ko identify this 
mineral due to masking by biotite lines. Networks of magnetite end 

nyrrhotite grains were also found in thin section.

i. Chemistry. - Analyses of the matrix were made by crushing 

the rock, followed by hand picking of fragments apparently free of 
country rock and la»e celcite veinlets. The intimate relationship of 

u.dtrix and country rock made a complete separation impossible. It 

was estimated (Appendix I) that 15% of country rock fragments were 
included in the original analysis of the micaceous pipe. Using the 
values of En 72 and An 73. which are the compositions of the ortho- 

pyroxone and plagioclase respectively, the composition of the 15% 

country rock fragments was calculated. The object of this calcula­
tion being to obtain a more accurate analysis of the matrix of this 
pipe, fifteen per cent of layered rock was subtracted f ro m  the o r i g i ­

nal analysis. Results are presented in Table 26.
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TABLE 26 . Analysis of the micaceous 
1 East Drive, 1 Shaft.

pipe (P) intersected by

P (Original P minus 15% country
Analysis) rock. Recalculated

weight per cent to 100 p&r cent

SiO 44,04 42,83

TIO’ 0,75 0,88

A1.0 . 10.72 7,96
2 i

re2°3 2,39 2,81

FeO 4,79 5,14

MnO 0,12 0,14

MgO 10,99 11,99

CaD 10,62 12,48

Na „0 1,20 0,94
4

K„0 2,97 3,49
4

P_Q 4a . 0,51
2 >

H Q ♦ , .v7 8,66
2

H O- 1.31 2,12
z

TOTAL 100,02 99,95

P • P • ffi •

Zn 53

uu 41

u 1 508

m /Cu 12,4

Rb 74

St 579

s jnQ

0,127

0,63

F eO/Mg 0,64 Analyst: 3. P. Donee.
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ii. DifTerences between the micaceous pipe and ultrame/ic 
oegmatoide.

The analysis of the micaceous rock shows 7,37 per cent Hr>0+ 
which is probably due to abundance of mica and zeolites. A plot of 
thia rock in the FeO-MgO-alkalis diagram shows that there is a com­
plete tusak m  chemistry between the pipe and the field of the ultra- 
mafic pegmatoids (Fig, 5), The main difference is given by an Fe/Mg 
ratio being less than one, for the pipe, comoared with that of the 
ultramafic pegmatoids, having a ratio greater than one.

The Cu and Ni contents of the pipe (41 and 508 respectively) are 
similar to those of the ultramafic pegmatoids. Zn is very much lower. 
S is 0,05 per cent (7ablu 7). Rb and Sr are 10 and 36 times higher 
in the micaceous pipe then in ultramafic pegmatoids.
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WO. continuing into th. foot..11 .no hanging..11 of th. tunn.l.
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FIG. 23. Form of tonalitic-pegmatitea
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frorr observations in the 1 and 2 Shaft areas it is apparent that 
they roughly follow the local strike of the Mersnsky 'Reef , which in 
these shafts is parallel to the main fracturing direction of the region, 

however their strike length is very variable, being at times up to 30m.

Their lengths along strike are 100 times that of their widths. Very
rarely upon reaching a contact between layers do they extend conform­

ably for a distance no greater than 200mm.
The contacts of the veins with the country rock are vary sharp,

often, when the host rock is an anorthositic-norite c l  ulate, the ortho-
pyroxenes in this rock show a darker coloration due to tremolite- 
actinolite alteration. When the host rock is the Merensky ' R e e f , 
chlorization and amphibolization usually develop at the expense of the 
pyroxenes. The pegmatoid layer of the Merensky 'Reef' has a grf ater 

percentage of biotita in the vicinity of tonalitic-pegmetites.
Tonalitic-pegmctitea have greater concentration within depressions 

of the Merer?ky Reef (Fig. ?3 f) where no obvious feeders are obser­
ved, although they are morn abundant in the more leucocratic portions 

of the pegmatoid layer of the Merensky 'Reef. ■
Zoning is present in some veins, especially the thickest ones. A

coarse zoning is produced by the deposition of mica, on the sides of 
the vein and/or in the middle of it. These mice plates often form a 

'book' structure', Schmidt (1952), or grow with the basal cleavage at 

a high angle to the margins of the vein.
Tonalitic,-pegmatites show characteristic 'swellings' which 

normally occur above a barren fracture or near the contact between 
two layers. Sometimes the 'swelling' occurs and then the vein thins 
to a constant thickness (Fig. 23 a). In other exposures, especially 

in smaller veins, the thickness tends to remain constant through the 

exposed length (Fig. 29 d). Occasionally the veins send off small 
apophyses (Fig. 23 b and g). Offsetting is occasionally observed in 
tonalItic-pegmatitea. The mode of emplacement of offset tonalitic- 
pegmatites (Fig. 23 c), seems to be similar to that described by Currie 
end Ferguson (1971, pp.530-531) for horn-etyle type of offsetting, in 

that two closely spaced parallel fractur s may have initially produced 

the offset. However no 'horns' were found across an offset plane at 

Bafokeng. Accounts of the offsetting phenomenon are given by Kaitare 
(1953), Ramsay and Sturt (1970) and Currie and Ferguson (1970). Micro- 

faulting and duplication over short distances (Fig. 23 e) is also pre­

sent.

4l



69.

The behaviour of these veins in the different footwalle of the 
Merensky 'Reef* can be seen in (Fig. 23 f g i). If the Merensky 

'Reef1 is underlain by anorthoeite as is the case in some depressions, 

the vein stops abruptly at the Merensky 'Reef1 bottom contact, and the 
bar- n feature can be seen to continue in the footuiall. If the 
Mo’- sky ’R e e f  is nderlain by anorthositic-norite cumulate, the 

pegmatitic vein either fills the fracture in the footwall for about 
100mm, or else stops abruptly at the Merensky 'Reef bottom contact, 
while only the barren fracture continues into the footwall.

a. Mineralogy. - Plagioclase shows characteristic thin albite 
lamellae and compositions between An 46-48. Zonation is present in 
some of the plagioclase crystals. Quartz snows patchy extinction and 

is intergrown with plagioclase feldspar (Photo 41). Plagioclase, 

quartz and biotite are the predominant minerals, however, in the vicin­

ity of the UG 2 chromitite layer these veins may incorporate diallage 

to its composition. This occurs when they transgress p porphyritic 
pyroxenite. Occasionally when they transgress the UG 2 chromitite 
layer they incorporate chromite crystals. Schmidt (1952) reported
An contents between 50-54 for the plagioclase in these veins.

b. Chemistry. - One chemical analysis (FVM t, Table 27) was made
of a vein which starts on the Merensky ’Reef' pegmatoid and pinches out 
on its hanging wall. The norm of this analysis contrasts with the

i
mode in that a high proportion of orthoclase is present. This probably 
results from K present in biotite being calculated as orthoclase.

Plots of these veins in a triangular diagram FeO-MgO-N* 

m o w e d  that Mg predominates over total Fe and that alkalis are the 

lowest of the three cdmponents. Their proportions are F e0 4b,4 per 
cent - MgO 31,6 per cent and alkalis 22 per cent os compared to Fe0 
3..4 por cent - MgO 49,7 per cent - alkalis 15,9 per cent for the 

laver granitic pegmatites. 1onalitic-pegmatitae show alkali enrich­
ment with respect to the pegmatoid layer of the Merensky 'Reef'. The 
Ni content is 333 p.p.m., the Cu content is 93 p.p.m., Zn being 11 p.p.m 

The Rb content is 12 p.p.m. as compared to 7 p.p.m. for the noet rock. 

The Sr content is 148 p.p.m. as compared to 80 p.p.m. for the host rock.



TABLE 27. Analysis of a tonalitic-pegmatits and C.I.P.W. Norm.

FVMR

Si02 67,07

A12°3 13,76

F 02°3 0,06

FaO 2,51 Zn 11 ppm

MgO 3,75 Cu 93 ppm

CaO 8,22 Ni 333 ppm

Na20 1,49 Ni/Cu 3,58

K2° 0,29 Rh 12 ppm

TiO-4. 0,52 Sr 148 ppm

Mn0 2 0,05 Rb/Sr 0,07

P205 0,16

H2° 0,09

H 20+ 2,96

Tubal 100.95 weight per cent

C.I.P.W, Norm

Quartz 35,67

Or 15,95

Albite 3,50

Anorthite 15,55

Di 7,96

Hy 9,58

Fe3D4 0,09

IImenite 1,01

Apatite 0,39 Analyst 3. P. 3 ones.



B. Granitic pegmatites

1. Introduction. - In the Bushveld Complex a number of 
aalic pegmatites are present. Mr. 1. Berry has shown the author peg­

matites consisting essentially of K-feldepar and quartz outcropping 
approximately 500 and 1 600m above the Merensky 1 Reef1 in the aojoin­
ing Ruatenburg Platinum Mine. He stresses that these pegmatites 
also occur below the Merensky 'Reef' and in the marginal areas of 

the Bushveld basin. In the explanation of the Ruatenburg No. 4 
sheet, (Vnn Backstrttm et al, 1960), on the farm Beestkraal 290, peg­
matites in mafic rocks, are described that are composed of gresn 

hornblende with a centre of white feldspar. Further south they occur 
near hortonolite dunite pipes. Mention is also made of pegmatites 
composed of different coloured fsldspar, quartz, tourmaline and 
sulphides. Hiematra and Van Biljon (1959) have described microlina- 

perthite-quartz-musuovito-tourmaline pegmatites from the Eastern 
Bushveld. They remark that they occur in rocks of both igneous and 
sedimentary orig. . •

At Bafokeng late pegmatites of granitic composition have been 
found to transgress both the layered rocks and the ultramafic pegma- 
toids of the Plutonic phase. They are essentially quartz-potessic- 
feldspar-amphibole-mica bearing.

2. Occurroncos. - At Bafokeng outcrops of late granitic 
pe matites are sparse and poorly exposed. They are obscured by 
weathering and soil, and their relationship with the country rock is 

difficult to see. The majority of the outcrops, which have linear 

characteristics and seem to be connected with fracture systems, are 
at the northern boundary of the mine area. On the farm Klein Doorn- 
spruit 108 they seem to be associated with the same area in which 

the magnetic anomalies ore prominent further to the east (Fig. 10). 

Severul email outcrops between boreholes 510, 506 and the margins of 
a tributary of the Magataepruit, and intersections by boreholes 510 

and 518 ,seem to prove that they are abundant around ultramafic pegma- 

toius. A second line of intermittent outcrops and abundant float was 

found to occur south of the previous mentioned area, starting on the 
farm Goedgedacht 110 and progressing in an approximate NW-SE direction. 

The outcrops behind 4 Shaft are mostly related to this second line. 
Granitic pegmatites also outcrop on the farm Kookfcntein (Fig. 10).

On outcrop exposures it was seen that granitic peqmetiteo gene-



rally tend to occur in dyke-like bodies which do not exceed two metres 
in thickness. In some of them, the central part of the pegmatite is 
coaroer than the rest, and quartz attains U,04 to 0,08m in diameter, 

with occasional opidote crystals slightly smaller.
A particular m d  consistent characteristic of the granitic peg­

matites is that they are vary often found in the immediate vicinity of 
ultramafic pegmatoid outcrops. Their relationship to these bodies is 

further stressed by the fact that in numerous surface boreholes, i.e. 
510, 518, 645, among others, they occur transecting ultramafic pegma­
toid bodies. Mr. 3. Barry (personal comm.) has also noted the presence 

’ of quartz-k-feldspar float in the vicinity of ultramafic pegmatoid 
outcrops. Granitic pegmatites are younger than ultramafic pegmatoid#, 

but older than micaceous carbonatites which transect them. Some of 

the granitic pegmatites intersected by borehole 510 cross-cut the 

layered gabbro of the Main Zone. Sometimes along the contact between 
the graniwic pegmatite and the gabbro 0,05 to 0,12m long crystals of 
amphibole co-exist with four to eight mm plate-like individuals 

of mica and amphibo)e set in plagVoclase feldspar. In borehole 510 

granitic pegmatite dykelets form macroecopically poorly defined 
contacts with ultramafic pegmatoids, mainly due to an irregular 
development of amphibole in the ultramafic pegmatoids. Veinlets of 

amphibole develop across contacts, and also irregular masses of am­
phibole mica end perthite occasionally transect the ultramafic peg­
matoid. Locally oxides in the ultramafic pegmatoid wore resorbed 
with biotite forming a reaction product. Microscopically these con- 
tacto are very altered, clinopyroxene assumes a spotted appearance 
due to the development of patchily disposed portions of amphibole. 
Chloritization, and amphibolization also effect plagioclase and oli­

vines in the ultramafic pegmatoids. Underground at Uafokeng 
granitic pegmatites have seldom been recorded; the only exposure 

available for study was that in 380 Stops, 5 Shaft, from which samples 

for mineralogical and chemical analysis were obtained.

3 . Granitic poumatite in 380 Stope. - A granitic peg­

matite, approximately one metre thick, cross-cuts bo.h the footwal1 

of the Merensky 'Reef end the 'Reef' itself, but loce.ly upon reaching 

this contact, has sill-like extensions. Quartz brecciao of reduced 
dimensions, leas than 1m wide, form in the overlying Morartsky 'Reef 

(Photo 42). Where vertical, the granitic pegmatite has a definite 

assymetric zoned structure with quartz forming the central part.



93.

Cn ona side, a K-feldapar zone comes directly in contact with the 
layered rock, an anorthoaitic cumulate, but on the other a thick 
zone of amphibole ia developed. The aide on which amphiboles are 

present, ie in contact with a plunging edge of a depression of the 

Merensky 1 Reef'.

a. Mineralogy. - Quartz and K-feldspar form individual pegma- 
titic crystals, and they also show a widespread tendency to form 
micropegmatitic intergrowths. In Stops 360 micropegmatitic inter­
growths develop in the conformable portion of the granitic pegmatite 

below the Merensky 'Reef*. The K-feldspar is usually very cloudy. 
Occasionally quartz, when in contact with amphibole crystals, shows 
undulatory extinction. The amphibole occurs in the marginal contact 
with the Merensky •Reef as pegmatitic, poorly defined crystals, and 

also in the micropegmatitic portion as euhedral isolated crystals.

Its optical properties are 2V^ 81, 2V^ 95, % c ^ts colour
shows the following pleochroism: x yellowie i n "  n, y green, z
dark green. Some of these properties approach those of kaersutite, 
others however, are those of cun.ningtonite -iay ptowder di^frac- 
tometry showed that there is more similarity with the d-epacings of 
kaersutite than with those of cumminjtonlte (Table 28).

TABLE 28. D apacings of kaersutite, cummingtonite, and the amphibole 
analysed. D spacing* listed in order of decreasing I.

KAERSUTITE AMPHIBOLE A CUMMINGTONITE

d d d

2,69 2,71 strongest 8,33

3,11 3,13 very strong 3,06

8,38 8,40 very strong 2,76

2,548 2,549 regularly strong 2,19

3,36 2,599 regularly strong 4,13

2,589 3,27 very weak 3,26

1,44 2,164 weak 2,63

3,26 1,442 weak 2,50

2 153 4,12 weak

In view of the vague definition of the composition of this amphibole, 

a chemical analysis of one of the isolated crystals set in micro- 
pegmatite was made. Results are presented in isblw 29. Calculation 

of the formulae on the basis of 24 oxygens were made and are presented
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ABLE - ' . Analyses of e Calcium umphibole (Anf A) and a granitic 
pegmatite (38U) from Stops No. 300.

Weight per cent 380

Anf. A 380 c. I.P.W. Norm

Si02 40,46 57,40

A12°3 10,77 9,22

re2°3 5,62 1,31 Quartz 12,12
FeO 15, 64 9,16 Or 15,95

MgO 9,55 7,37 Albite 3,59

CaO 10,13 .0,78 An 15,55

Na20 1,24 0,42 Di 30,97

K2° 1,19 2,67 Hy 19,03

Ti02 2,53 0,29 Fe3°4 1,92

Mn0 2 0,22 0,17 Ilm 0,56

P205 0,11 0,13 Apatite 0,31

h2Q- 0.14 0,04

H2°+ 2.53 1.29
Total 100,11 100,25 Total 100,00

Zn ppm. - 55

Cu ppm. - 56

Ni ppm. - 159

Ni/Cu - 2,85

Rb ppm. Id 59 •

br ppm. 77 77

Rb/Sr 0,24 0,76

Ns20/K 20 1,04 0,25

Analyst 0. P. 3ones.
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in Table 30.

TABLE 30. Cationic percentage of Amphibole A calculated on the basis 
of 24 oxygens.

Cationic 
per cent

S i 0 2 40 v 44 60 0,674 1,348 12,208 6,104

AlgO, 10,77 51 0,211 0,317 2,871 1,514

5,62 80 0,070 0,105 0,951 0,63

FeO 15,64 72 0,217 0,217 1,965 0,03

Mnt) 0,22 71 0,003 0,003 0,027 0,03

MgO 9,55 40 0,239 0,239 2,164 2,16

CaO 10,13 56 0,181 0,181 1,639 1,639

N'a-0 1,24 31 0,040 0,020 0,181 0,362

4 2,53 9 0,281 0,140 1,268 2,536

K 1 1,19 47 0,025 0,0125 0,113 0,226

4 0,11 71 0,001 0,003 0,027 0,010

lU2 2,53 80 0,032 0,064 0,579 0,290

Analyst! 0.P. Jones.

(hillips (1963) suggested that without fluorine and chlorine 

values the method of 24 anions would give erroneous results. These 

two elements were not analysed. However, according to Leake (1968, 
pp. 33-34) the analysis of Anf. A fulfills the requirements of a 

good analysis in that:
the analysis total ia between 99,40 and 100,60 wsight per cent,

Si in half of the unit-cell does not exceed 8,08,
- Si ♦ A1 in half of trie unit-cell is not leea than 7,92,

the sum of Ca+Na+K is between 1,75 end 3,05 (2,73),
K 3 ? *the sum of Ai o ♦Fe >hn+Mg*Cr*Ni (the last two not determined)

lies between 4,75 and 5,25, is 4,80, u d adding Ti is 5,09.

- OH is equal to weight per cent.
An objection to the analysis could be that OH + F * Cl (the 

▲29t two not determined) in farriamphibolen and kae-sutites often 

do not exceed 2,00, r.ere OH is 2,53. However this is not o rule. 

Leake (op.cit.) stresses the necessity of the material to be pure, 

since as an example one per cent of ilmenite is sufficient to add 
0,5 per cent titania to the analysis. It is noticeable that Np^O/
K 3 of Anf. A is higher than that of the granitic pegmatite (analysis 

380, Table 29) being 1,04 to 0,25 respectively, minimizing in this
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may tho poosibilitiea of K-contamination in the analysis of this 

mineral. According to this if the amphibole is classified under 

the subdivisions given by Leake in Table II, it is ferrotschermakite. 
According to Leake (op.cit.) the term tschermakite gives rise to 
acute difficulties, especially provoked by Al^*. The ideal formulae 

of tschermakite CagMg^iAl^^Si^Al^'^O^^fOHg), is not electrostatically 
balanced and a theoretical end member for an amphibole which has Si 
6,25, Ca+Na+K 2,50, Ca 1,00 and Al'^ 1,00 as the one with which 

we are dealing has not yet been defined. The parageneeis of tscher­
makite seems to be wider than that of the kaersutite members which 
are present mainly in alkaline rocks. Mica is found as individual 
crystals and aiso as intermittent rims around calcium amphibole.
From a thin section uf a pegmatitic amphibole in the sill-like por­
tion of the granite pegmatite, it was found that magnetite had 
crystallized within the amphibole. Magnetite is pr^tent in blades 
along the amphibolo cleavages and also rounded crystals within the 

amphibole. In places ilmenite hat exsolved from magnetite. Some of 
the magnetite seems to grow at the expense of the amphibole. Sul­
phides occur later than the oxides ? are also found within the amphi- 
bolee.

In some places above the sill-like portion of the granitic 
pegmatite, iron sulphides and oxides are enriched within the Merensky 
'Reef1. In one polished section investigated, sulphides are present 
as pentlandite and bornite.

b. Chemistry. - A channel sample of the dyke-like portion of 
the granitic pegmatite was cut in Stope 380. Results of the analyses 

are presented in Table 29. Plots of analysis 380 in the MgO-total 

FeO-alkalis diagram show that the granitic pegmatites are displaced 
more towards the MgO-FeO base line than analytis 93 and 94 taken 
from Viwder (1964), wnich are from other granitic rocks in the 

Western Transvaal (Fig. 5).
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f

IV - DISCUSSION OF RESULTS 

A - Nodules and Lanaas 

1 , The formation of nodulea.

The origin of the nodules in the layered rocks of the 

Buahveld Complex has ,'Ot yet been thoroughly discussed in the 
literature. However, Ferguson and Botha (1963) have suggested the 

possibility of inclusions growing in situ as a result of diffusion 
or secretion. Another theory considered feasible to accou it for the 
formation of the nodules is that of Van Reyaen (1971) who proposed 

that the nodules formed through the break-up of a pyroxenite layer 
with subsequent sinking of the fragments; an event occurring pene- 

contemporaneously with the formation of the layered rocks.
The theory of diffusion oi secretion would require a chemical 

gradient penecontemporaneous with the formation of the layered rocks 
towards centres of nucleation of one of the phases crystall!zinn at 
the moment, nanruly pyroxenes. During the growth of a nodules the 

ions of the required material would migrate to a nucleating centre 
depleting the surrounding material of these constituents. The fact 
that some of the nodules show a bleached zone poor in mafics around 
thsm suggests some degree of diffusion. Diffusion may have operated 

during the concentration of the intercumulus material in 'mettles', 

however there ars Differences between the proportions of clino- and 

orthopyroxene in the intercumuius material ( 'mottles') of the a.c.n. 
as compared to the nodules. Analysis of the a.c.n., numbers 126 and 
163, Table 4 and also Figure 0, showed that within the a.c.n. inter- 

cumulus clinopyroxenee is either equal or predominant over ortho- 
pyroxene ; whereas in the nodules clinopyroxene is subordinate to 

orthopyroxene. Further diffeiences aiat

the En content of orthopyroxenes which is En 76 in intercumuius 

phases within the a.c.n., and En 81-82 in the nodules, 

the presence of olivine and chromite in the nodu i which are not 

intercumuius crystals in the a.c.n.,
- the cumulus character of orthopyroxenes in intermittent noritic 

and pyroxenitic layers within the a.c.n. is difficult to reconcils 

with diffusion alone.
At this point it seems Justified to discuss the origin of the



Of tne pyrownltlc len.e, because of their poeeible bearing upon tha 
neory of the nodule, - b e i n g  in eitu. T e x t u r e ,  Ilk. tha one. found 

in lensee of oyroxenite could r.prea.nt the cry.filtration of inter- 
cunui liguld in zone, of high concentration of pyroxene co.pon.nt.

.. high concentration could b e  produced or h e l p e d  by dlffuelon. 
ouovu., the .act that the l e n . e .  are m i n e r . l o g i c a l l y  a n d  texturalfy

, ^  fr°" th‘ n °aul“ 8 •̂“« . . t  . different genetic origin'
the nodules.

m u  second theory ha. e.v.rol point, in it. favour. The break-up 
a pyroxenitic layer would explain;

- the preeenc. of ..dium grained pyrox.nlt. nodule, and p.gmatoid
cnee, becau.e tha Meren.ky pf the «.i„ Zone and layered

oyroxenitee at the top of the Critical Zone, u.u.lly develop 
pegmatoid pyroxenite layers.

' ̂  fa0t that n 0 d u U - «"> "in.rallied and that ,o.a have a
chrosute etringer, phiph 1. u.u.lly f u n d  at the bottom contact, 
and others do not.

‘ The pre89nce of olivine in the nodules.

- The .nape of the nodul... If . do.np.rd mov.mant (like .inking)

... operative, it eould tend to give the nodule. . .ph.rlc.l .hap.
the leading fee, lh order to offer 1... re.iatance. 

m e  abeenc. of a Pyroxenite layer auch a. the p..up. * Reef * 

betp.en the "er.n.ky -Reef and the UC 2 chromitita, could be ... 

plaih.d by tha break-up of thi. l.y.r to produce the nodul...

on the f.rm "Spartklip ,88". Van Zyl (1,6,) d,.crib.. . -three matr.

‘ ,Ck pseu!l0- ‘-saf "bich i, pevente.n metre, b.lop the h.r.n.k, 
horizon-, f.rlnga (1,,,) de.crlbe. . p.gmat.ld.l pyrox.nlt. P.eud.

. P ich ho, been inter.ected at the farm "Zp.rtklip ,88", north-
-■..torn Suahvold Complex (Fig. 1 ), u  pccur. Bt v6r,lng dlltenca,

o.tpe.n the UC 2 chromltit. layer and the Her.n.k, .R.ef, both 

=e... the nodule. Plthlh the a.c.n. are not deacrlbed. it ..... that 
the thickneae of the layering betp.en the M.renek, -Reef „,d the UC 2 
t iromitit. 1. 1... et Zp.rtklip ,88 than it 1. at e.fok.ng, but a 
corralation betp.en . P.eud.'Reef end the nodule. ..... „o..lbl.. 

ouain. (1964), .tat.a that on the Ru.t.nburg Platinum Mine., -tha 
Poorest similar pyroxenite. to the •boulder.' are tho.a of tha 
heronaky Reef and those overlying the top Chromite Seam."

Ir COmP"r‘ tn* » r o . . n L t i c  nodule, pith tha .v.rlyln, M.ren.k,
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1 Reef1 and underlying pegmatoid pyroxunite associated with the 1IG 2 it 

ie found that tney are similar in:
their mineralogy. Orthopyroxenea show similar (80-02) En contents. 
The presence of mica and hydrous minerals like auphibole and chlo­
rites. The UG 2 pegmatoid pyroxenite ie however more altered than 
nodules or the pegmatoid layer of the Merenaky 'Reef'. This fact 
could be due to its position below a thick chromitite layer which 
may nave favoured thr concentration of volatilee and water with 
the resultant hydrous alteration of minerals.

their chemistry. Nodules and UG 2 pegmatoid layer show a eiHilar 
position in the differentiation trend (Fig. 5). The analysis of 

pegmatoid layer of the Merenaky 'Reef are displaced toward.i the 
FeO corner of the diagram probably due to the presence of an iron- 
rich sulphide phase.

Similarities between pyroxenite nodules and over- and underlying 
pyroxenite could weigh in favour of the nodul** hiing a pyroxenite 
layer which broke up. The features present in the nodules, like their 
sphericity in plan, a more regular outline at the bottom surface which 

is also concave upwards, seem to point to a sinking of the nodules. 
That the nodules did sink to their actual position in the e.c.n. is 
strongly supported by the evidence shown in Photo 43 , where a peg- 
matitic pyroxenite nodule of large dimensions can be seen breaking 

two intermittent noritic layers found towards the bottom of the e.c.n. 
in the No. 5 Shaft area. m similar exposure is pre ent in the No. 6 

Shaft area. On two exposures, 3 ' aat Drive 5 shaft, and 3 East Drive 

1 Shaft, intermittent pyroxenite layers found towards the bottom con­
tact of the a.c.n. were found to be breaking off producing nodules 
(Photo 44 and 45). Factors which could have influenced the velocity 
of sinking could be the diffetance in density between the nodules and 

tho anorthosito, and the amount of consolidation of the a.c.n. The 
noritic cumulate which underlies the a.c.n, was probably in a con­
solidated condition es no nodules are found to be included in it.

Van Reysen (op.cit.) proposes the break-up of the pyroxenite 

layer whicn is found in the 5 Shaft area together with the 0,1m 
pyroxenite which is found overlying the a.c.n. in the same area. 

Nodules are present between both pyroxenites. Further evidence 

(Photo 4 / shows that at least one noritic layer which la found to­
wards the bottom cont%_t of the a.c.n. could have contributed to the 

formation of some nodules. The position of this noritic layer near



the bottom of the a.c.n. may Indicate that it la an uplifted portion 
of the footwall noritic cumulate which started to break. The u p ­
lifting could be duo to the same movements which produced the break-up 
of the pyroxenites which formed the nodules. If pyroxenitic and 
uplifted noritic layers had contributed to the formation of the 
nodules, the presence of pyroxenitic and noritic nodules could be 

easily explained by the break-up of these layers as a result of some 
disturbance in the magma chamber. These disturbances may include 

earthquakes, fracturing of the roof, the emplacement of a new magma 
addition,resulting in increased current action. If current action 
caused the break-up of a pyroxenite layer, the nodule# may be equated 
to an intraformational breccia.

According to the separate injection theory (e.g. Schwellnue, 1956| 
Coertze, 1958) the anorthosite layer which contains the nodules could 
be a new magma addition. Acontentions to this possibility are given 
by Ferguson and Botha (1963, pp.274-275), Hess (i960, pp. 53 end 156), 

Willemae (1964, p.117) ano Wager and Brown (1968, p.345), who showed 

that the mafic rocks of the Bushveld Complex are more likely to be a 
product of crystal accumulation.

The Merensky 'Reef' has Deon regarded as one of the typical 
examples wnere a new pulse of magma warn added to the differentiating 
sequence (Wagev and Brown, 1968), The reasons for this interpretation 
are phase layering and marked change in composition of the cumulus 

phases across this contact. The nodules show Mg-rich olivine and an 
En content of orthopyroxenes similar to that of the orthopyroxene 
within the Merensky 'Rcaf, cumulus orthopyroxene in the nodules 
shows a marked compositional change with respect to the surrounding 

orthopyroxene cumulus which suggests the hypothetical pyroxene which 
formed the nodules could have originated from e new megma pulse 
before breaking up.

The site of crystallization may have influenced the formation of 
the nodules. The pyroxenite which is supposed to have formed the 
nodules may have formed as a raft of crystal mush in the magma 

chamber. Lauder (I9?v is of the opinion that mats of pyroxenite can 

form at a relatively early stage in the crystallization of a layered 
intrusion with magma above and below them. If at this point the 

magma chamber was disturbed by some exterior force, for example a 

tremor, an early formed pyroxenite could heve broken and be taken ae 

fragments by magma currents, to form noduloc. On the othei hand
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currantb may have broken and transported eemi-conaolidatsd pyroxenite 
on the floor of the intrusion. If we coneider a M.R.U. to have formed 
tiy accumulation of crystals at the bottom of the magma chamber, we 
could envisage the following process:

After the norite underlying the a.c.n. finished accumulating 
this anorthosite began to accumulate. The crytallization of anortho- 
site was finally interrupted and a new M.R.U. was initiated with the 
pre citation of chromite followed by pyroxene. At this point the 

magma chamber was disturbed which increased magma current activity or 
produced load-casting effects, and the partially consolidated dense 
pyroxenite started sinking in the underlying and loosely packed 

lighter anorthosite, producing an intraformational breccia. The 
bleached zones around the nodules could be explained by diffusion of 
uhb pyroxene enriched liquids towards nucleating centres like the 
nodules. ihis bleaching phenomena is also observed around the bottom 
contact of the Merensky 'Reef1 and around some chromitite layers of 
the Upper Croup.

If the theory of formation of the nodules by breaking off of 

several layers is accepted, it would appear that accumulation in the 
iddle and upper s .ages of the Critical Zone progressed under violent 

movements in the magma chamber. This is borne out by the fact that 
depressions, which are thought to have been produced by current 
action krerguson and Botha, 1963), are known above and below the layer 
containing tne rotiuies, and the fact that Cameron (1971) suggested 
violer L isovemsnts of the magma within the chamber to explain the 
jumbled layering of the 'K unit1 approximately in the middle of the 
ritical Zone, furthermore it has been shown (Wager and Brown,

196^ p.543) that the earl; r part of the crystallization history of 
the Bushveld progressed under unstable conditions. This comprises the 

tha integration stage, Beaol and Critical Series", and suggests the 
possibility vf several additions of magma to the differentiating 
sequence.

. .a . * * .



8. - Tonalitic pegmatites

7here are several problems related to the genesis of tonalitic 
pegmatites. These are: the time, and conditions influencing their
emplacement; their association to layers of pyvoxenitic and noritic 
composition with preference to anorthositic layers; and the contrast 
of their mineralogy with that of the layered host rock.

The field relationships show that tonalitic pegmatites are 
younger than the layers which contain them and nossibly older than 
ultramafic pegmitoids. The fact that tonalitic pegmatites pinch out 
in the thick chromitite layers, where only a barren crack continues 
through the chromitite, and tranogresa thin chromitite layers immediate­
ly above may indicate a moderate amount of pressure, enough to expand 

the fissure in one case but not in the other. The lengths of tona­

litic pegmatites are 1 000 times their widths, a fact which could 
point to the poesib ity that tonalitic pegmatites contributed to 
some extent to the opening of fractures during emplacement. The 

fact that lengths are 1 000 times the widths in lamprophyre dykes 
caused Currie and Ferguson (1970) to postulate an initial mobile 
gaseous phase, which could enlarge fissures, as the percursor 
of emplacement. Successive 'tjilds-up* in pressure would off-set 

the volatiles to other fissures. Ramsay and Sturt (1970) consider 
that thin hair-like and curved apophyses may have been formed by 
filling of fractures produced by the intruded magma. This would be 

facilitated by a highly mobile fluid under hydrostatic pressure.
Foringa and Cousins (1963, p.280) note that "gash veins filled with 
pegmatite are common around the rims of potholes" and conclude that 

they are almcst certainly tension cracks. Ferguson and Botha (lq63, 

p.280) remark that they may be indeed a tensions! feature but their 
presence is by no means confined to the rims of depressions.

The association of tonalitic pegmatites with pyroxenitic and 

noritic layers may be related with the characteristics of the residual 
liquids in these layers. The pegmatoid pyrcxenite layers associated 

with the Merensky 'Reef and with the UG 2 M.R.U. could be well 

described as mesocumulates, in which part of the intercumulue liquid 

was not expelled. It har baen shown that normative quartz is present 
in moat of the pyroxenitic and some of thn noritic cumulates analysed. 

Wagner (197 3) points out that quartz is present in the Merensky 'Reef. 

Wager and Grown (1968, p.386) stated that occasional small patches of
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quartz are found in a few olivine-free cumulates from the lower 

zones of the 8uahve*d Complex, suggesting that mmsocumulates, with 

a small amount of pore material. occur inter-layered with adcumulates 
and heteradcumuiates. On the otnnr hand, micas are also present in 

noritic and pyroxenitic layers of the Critical and Main Zones, therefore 
it would appear that in theas layers a different quartz-alkali-rich 
liquid would not be so difficult to obtain. The presence of biotite 
in tonalitic pegmatites and hydrous alteration products in their 
immediate vicinity suggests that the rolo of water was important in 
the development of this rock type. The highest concentration of 
tonalitic pegmatites insioe depressions remains to be explained.

One possible explanation for the contrasting chemistry of 

uonalitic pegmatites and host rock could be obtaineo, if tonalitic 
pegmatite represented the residual intercumulate liquid of pyroxenitic 
and noritic layers which was emplaced into fractures. Schmidt 

(1952) affectively indicates a mode of origin hy referring to 

tonalitic pegmatites as segreagational veins, and (op.cit. p.247) 
concludes that "tne vein., obviously represent the residual fraction 
of the magma which invaded the cracks in the Mereneky Reef".

C - Granitic pnr.matites

Hiemstra and Van 8 i1jon (1959) propose that microcline-perthite- 
quartz-muscovito-tourmaline pegmatites of the [astern Bushveld are 
"secretion pegmatites which have grown at the expense of the wall 

rock".

Willemse (1969a, pp. 10-11) states that "granite pegmatite 
occurs sporadically and cannot generally be referred to a granite 
intrusion. As rhaomorphism end feldepa^hization of arenaceous 
inclusions are known to have occurred, the granite pegmatite evi­
dently owes its origin to -oca. anatoxis and granitization of sedi­

mentary material".
It is felt that at this stage very little can be said about 

the origin of the granitic pegmatites founo at Befokeng. further 

data are required before serious conclusions may be drawn. However 

several points are noteworthy, namelyi
- They are relateo to the main fracturing system of the area,

- They are younger than all the rest of the pegmatite* and pegmatoida 

studied.
- They seem to be abundant within vltramafic pegmatoida.
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Thair chemistry should be studied further to ascertain whether 
amphibole-rich phases are merely a reaction phenomena, or are primary 
crystals. In this respect euhedral pegmatitic ferro-tschermakites 
with associated sulphides and oxides represent a puzzling problem.

localization of granitic pegmatites in ultramafic pegmatoids, 
rould tie related to the elastic properties of the latter. In this 
rospect Middlemost (1965, p.59) records graphic granites mainly 

vocalized in hornblendites of the Kheis system. Quoting Anderson (1931), 

ha suggests that: "the elastic properties, the facility with which
they fracture and the larger thermal contraction, are some of the 
factors which may havs influenced the localization of granitic 

pegmatites in amphibolitic country rock in preference to other 

country rock types". However contemporaneous co-existence of mafic 
and granitic magmas produced by sluggish mixing rates, could also 
explain the field relationship. (Yoder, 1973).

D - Late ultramafic pecmotoidm

1. Mineralogy.

Several of the features present in pegmatitic plagioclasee w i t h ­
in ultramafic pegmatoids could have been produced by the effects of 
pressure. These features are fractures, glide twinning and granula­
tion. chwelInus (1956) attributed fracturing in piagioclaees within 

ultramafic pegmatoids to pressure. Glide twinning could be attribu­
ted to bending. ance (1961, p.108) notes that "even more common­

ly secondary lamellae are genetically related to an evident bending 
or twisting of the crystal such that the lamellae are localised and 

most broadly developed in the areas of greatest strain". As noted 
by Vance (1961, p.112) the most significant single process in the for­
mation of glioe twinning is deformation of the plsgloclase by forces 

external to the rock, but several other processes have been postu­

lated to account for its formation. Among others, stresses caused by 

mutual interference of grains during crystal growth, stresses set up 

within crystals upon heating or cooling, etcetera. The process of 

granulation in pligiocleae has been described by Kaye (1965) in the 

titaniferouo magnetite deposits of Sandford Hill. Kays (Ibid, 

p.1286) found that granulation and development of mafic silicate 

minerals seems tc be closely related, and that in this c'eo granulation 
izouid not only be explained by distributive shear. "Geothermal gra­

dients produced by shear favoured the emplacement of the oxide phase".



According to Kays (op.cit.), mother process which could produce 
catacl'istic textures are movements during crystallization and filter- 

press action.
The composition of the plagioclasa in ultramafic peamatoids,

o p tica l methods
aa obtained by chemistry, X-ray fluorescence and i# between
4 and 5 per cent richer in the An component than the plagioclase in 

the layered rocks at the same height (Tables 11, 15 and 16). If 
plagioclase from the layered rock is assimilated into the composi­

tion of ultramafic pegmatoids, the water-rich fluids in the latter 
magma could account for the enlargement of plagioclase from the layered 
rock. Subsequently the included plagioclase develops glide twinning 
and fractures, which become filled with mafic material, as e result of 

pressure exerted by the crystallizing nafic crystals.
The higher An content of plagioclase within ultramafic peg­

matoids as compared to plagioclase in the layered rocks at the 

same height, could be produced by it recrystallizing under condi­
tions of increased pressure, which is in accordance to the bindings

of Yoder (1954).
It is also possible that the plagioclase found in ultramafic 

pegmatoids has crystallized directly from the ultramafic pegmatoid 
magma. It is interesting to note however that while clinopyroxene 
(Fe 16) and olivine (Fo 58-57) in ultramafic pegmatoids, show enrich­

ment in low T end members with respect to clinopyroxene (Fe 9) and 

olivine Fo 62-85 in the adjacent rock, plagioclase shows enrichment 
in high T end members. Clinopyroxenos a^e more abundant when ultramafic 

pegmatoids are developed in anorthositic cumulates, whereas they are 

subordinate to olivine and amphibole when ultramafic pegmatoids develop 
in pyroxenitic cumulates. The fact that ua-rich minerals, plaginclose 
and augite,develop within ultramafic pegmatoids emplaced in anortho­

sitic cumulates could point to incorporation of layered anorthositic 

rock into ultramafic pegmatoid magma. This possibility is supports: 
by t‘ >3 fact that the average Ca content in ultramafic pegmato-ds em­

placed in anorthositic cumulates (Av5 Table 20) is 8,6 which is higher 

than the Ca content of the ultramafic pegmatoid analysed within the 

Meraneky 'Reef which is 6,4, Table 20.
One relationship which has been reported but not yet found at 

Bafokeng, is the formation of clinopyroxene at the expense of olivine 

(Schwellnue, 1956, p.145, among others). According to Ruckmick and 

Noble (1959), quoting Clayton (1955), olivine can be converted to
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magnetite and pyroxene according to the reaction:

3Fa. SiO + 3Mg2di0# + 2H2C » + 2H- 4 GMgSiO^, which is
oocsiblo if water circulates through an alteady formed ultramafic

pegmatoid. •
On studying the mineralogy of olivines one of the main problems 

was to e s t a b l i s h  its origin in the Merenaky 'Reef1. Within the 

Merensky 'Reef' crystals of olivine included in feldspar or ortho- 
pyroxene could be primary in the sense that they were deposited 

contemporaneously with the other cumulates or alternatively could 

have a secondary origin. A point in favour of the first alterna­
tive is:

the subhedral to euhedral habit of these olivines, which is 
difficult to explain if a replacement process is to be accepted. 

Points in favour of the second alternative are:
the fact that the included olivines were only found when the 

Merensky 'Reef is in contact with or surrounded by ultramafic 

pegmatoids,
the non-cumulntive nature of these olivines,
the composition of the olivine included in the Merensky 'Reef 

(fo 85), which differs from that reported by Coertzs (1969) 
for olivines within the Merensky 'Reef in the Western Bushveld 
wnich are fo 78-80.

Because of these points and the fact that in the same exposure 
anhedral olivine from the ultramafic pegmatoid, shows reaction 
against orthopyroxene cumulus, and replaces orthopyroxene (Photo 33) 
it seems possible that the included olivines were formed as a 
result of the Juxtaposition with the ultramafic pegmatoid. 

Schwellnus (1956, pp.106-107) stresses the fact that marginal 
norite adjacent to dunite is impregnated with olivine, and that 
pyroxenite layered rock, next to chrysolite dunite pipes is 

olivine-bearing. Heckroodt (1959, p.67) found that the norite 
which surrounds the Oriekop dunite pipe is olivine-bearing. He 

attributes the formation of this olivine "tc liquids, underaatu- 

. .tod in silica and deri.ed from the dunitic "magma", which pene­
trated the ..urrounding no-itic rocks forming olivine at the expense 
of the pyroxene". The o'ivlne wit i.n the Merensky ' R e e f , margi­

nal to ultramafic pegmatoidu averages fo 85 compared to an average 

of fo 56 in fine-grained ultramafic phases at the contact between 
ultramafic pegmatoid and Merensky 'Reef and an average of Fo 38 of



107.

olivlnos within the underlying ultran. il pegmatuid. In this case 
the olivines further away from the ultramafic pegmatoids show the 

highest To contents.
In borehole 553 the To content of olivine in a troctolitic pog- 

matoid is fo 71 which is nigher than that of olivine in adjoining 
ultramafic pegmatoid being To 57 to 63 respectively. In borehole 553 
the layered rock, host of the troctolitic pegma4'lid ia a gebbroic 

cu Tiulate.
Van Rensburg (1962, p.30) notes that a troctolitic character is 

imparted to ultramafic pegmatoids, where the disintegration of noritic 

inclusions has reached an advanc'd stage. Schwellnus (1956, p.127) 
has notad that " trocinlitic rocks, olivine, plegioclase bearing have 
been prouuced by noritic country rock being included in dunite pipes". 

In the caso of borehole 606 and borehole 7^3, if a gabbroic rock has 

pr . -od the troctolitic pegmatoid, on Vit i a r g i n s  of the ultramafic 
pegmatoids wo would have a condition in which the F o content of 
olivine within the ultramafic pegmatoid increases outwaros, and is 

highest at the co tacts. Steyn (1955, p.61) states that dunites are 
not in direct contact with gabbroic rocks but separated from them by 
a zone of decomposed gabbro pegmatite. Steyn (op.cit., Table IX) 
shows that the olivines in this gabbro pegi.^tite has a Fo cor tent 

2-6 per cent higher than the olivine in dunite.
The question arising is why olivine marginal to ultramafic 

pegmatoid bodies is richer in Fo than the olivine found within 

these bodies? We shall consider two alternatives, assuming that 

ultramafic pegmatoids produced these olivines:
the marginal olivine is a late product 
the marginal olivine is an early product.

In thn f..rat alternative, the marginal olivines could be a late 
product of the ultramafic pegmatoid magma, if so the olivine 
composition should be richer in ire than those occurring within 

the ultramafic pegmatoid, especially because the latest minerals 

within tho ultramafic p told are iron rich.
If the marginal oli.-mea are produced early during the 

crystallization of an ultramafic pegmatoid they could be richer in 

Mg than the Inter olivines crystallizing more centrally within the 
ultramafic pegmatoids. f  undersaturated water-rich fluids are in 

equilibrium with the ultramafic pegmatoid magma it could be expected 

that marginally to ultramafic pegmatoius, olivine would form at the



expense of orthopyroxene producing Fo-rich olivines.

Mngneti.e is of special importance since it rupresents the pro­
duct of final enrichment in iron and titanium within ultramafic 
pegmatoids.

Regarding the relationship between marginal ilmenite and mag­
netite found in some magnetitite pegmatoids, Edwards (1964, a.64) 
notes that unmixing takes place rapidly at high T when diffusion is 
high, but if cooling is slow ilmenits tenua to aiffuse to the margins 

of the magnetite crystals so that the final product may be granular.
The relationship between the layered chromititss and magnatitite 

pegmatoids was studied by several authors. F rankel (1941) reported 

transitions between magnetite and chromite. Coertze (1958) notes 

that when pipe-like dunite bodies with magnetite cores "occur within 
the chromitite zones, the magnetite continues outwards from the pipe­
like bodies into the country-rock and follows the chromitite seams 
in sheet-like fashion, ansgrossing it in places and enclosing
chromitite fragments". Cameron and Desborough (1964, pp.210-211) 
reported that when magnetite-rich faciei of ultrumaf-ic pegmatoids 

are in contact with chromitite layers "instead of a contact, there 
is an unbroken transition from chromite to titanomagnetite".

At Bafokeng, ultramafic pegmatoids develop megnetite-rich phases 
below chromitite layers. According to Cameron and Desborough (1964) 

the gradations in reflectivity and unit cell measurements found between 
chromitite layers and underlying magnetitite pegmatoids do not prove 

changes in composition therefore they ?re not per se evidence for a 

replacement oiigin for the magnetitite pegmatoids.

e. Sulphides. - Relative to the sulphides in the layered rocks 
those in the ultramafic pegmatoids show Fe enrichment. This is es­
pecially true of sulphides contained in magnetitite pegmatoids, where 

Cu and Ni sulphides are replaced and mobilized by magnetite.

2. Contacts.

Upon studying the contacts between ultramafic pegmatoids and 

layered rocks it was noticed that the composition of ultramafic 

pegmatoids becomes more foldspathic along some contacts. Van Rene- 
burg (1962, p.30) and Willemse (1964), attributed the same fact to 

the incorporation of norite from the adjacent country rock to the 
ultramafic pegmatoids. Infrequent inclusions of layered rock in 
ultramafic pegmatoids were found at Bafokeng (Photo 12). In Fig. 15



section 8, projecting the position o the layering through the ultra- 

mafic pegmatoids it ia found that t o  orthoo enea in ultramafic

pegmatoids have the aame compoait.un ae tt - the different pro­
jected layera. This feature which is also ant from Table 21,

and the fact that the orthopyroxenes in ultramafic pegmatoids show 
resorbed margins suggests that orthopyroxeneR in ultramafic pegmatoids 
represent remnants of incorporated host roc<.

3. Emplacement of ultramafic pegmatoids.

At Bafokeng the undisturbed character of the Mereneky 'Reef 
and B.M.R. with development of ultramafic pegmatoids argue for a 
passive type of emplacement for these bodies. Usually ultramafic 
pegmatoids display evidence of passive emplacement (Cameron and 
Desborough, 1964; Willemse, 1964, p.118) however a few occurrences 

of forceful emplacement have been reported (Schwellnus, 1956;
Willemse, op.cit.; Ferguson and McCarthy, 1969).

The relationship between the emplacement of ultramafic pegmatoids 
and faults have been discussed by several authors. Wagner (1973) 
suggested a potential line of weakness in the underlying rocks to 
explain that the pipes of Onverwacht, Mooihoek and Driekop ware 
confined to a straight li.io about ten miles in length which strikes 
N 53 W. Cousins (1962, p.261) suggests that ultramafic pegmatoids 

are related to zones of disturbance in the Bushveld rocks, and latar 
Cousins and Feringa (1964, p.195) state that discordant bodies of 

pegmatitic pyroxenite have been described in the vicinity of the 

chromitite layers. "They are related to faulting and zones of dis­
turbance, grade into normal Bushveld rocks and are more likely 

metason.atic than intrusive". Coertze (1962) postulates that in the 

v'estern Bushveld, the Rustenburg fault controlled the emplacement 
of the ultramafic pegmatoids. Several authors have disagreed with 
this interpretation, among others Liebenberg (1969, p.167), who points 

to the fact that the Rustenburg fault does not pass through 
Vlakfontein. Wiilemso (1969b, pp.188-189) states that "the sugges­
tion by Coertze (1962, p.253) that the dunite and diallagite pegma- 

toid in the Rustenburg district, Western Transvaal, are related to 

faults is not borne out by the evidence of the occurrence in the 

Critical Zone in the Eastern Transvaal". However, Willemse (1964 
and 1969b) states that the magnetitite pegmatoid of Kennedy's Vale, 

Eastern .Transvaal could be related to a faulting system. Willemse



(1969b, p.192) states "No direct relationship with the faults in 

the Buffelshoek-Kennedy*s Vale area is, however, apparent - the 
faults are younger - unless a vaguely defined weak zone is indicated 
along which pegmatoids concentrated and faulting occurred at a later 
date". Cameron and Desborough (1964, p.213) found that fracture 

control is evident in some ultramafic pegmatoids of the Eastern 

Transvaal. From Ferguson and McCarthy's (1969, p.75) data, and the 
author's own observations around Tweefontein in the Eastern Transvaal, 
it is evident that joint control is an important controlling factor 

in the emplacement of ultramafic pegmatoids in this area. Fault 
control was not proved at Bafokeng. There is however some evidence 
of Joint control and bedding plane control, which seems to indicate 

a certain degree of cooling of the layered rock prior to their 

emplacement. The fact that certain ultramafic pegmatoids have ex­
ceeded the lithostatic pressure, and have been emplaced by force­

ful injection points to the same possibility (Ferguson and McCarthy, 
1969). ,ne fact that ultramafic pegmatoids are emplaced conformably
below layered rocks, could indicate certain characteristics of the 
fluids which produced the ultramafic pegmatoids. Ramberg (1970, 
p.285) concludes that different types of structures develop depending 

upon differences in viscosity between the moving material and the 
surrounding 'crust'. "If the viscosity contrast is large the flow 
pattern is strongly controlled by the structures of the surrounding 

"crust", the "magma" following layering and other zones of weakness 
in layered models. With smaller viscosity contrast between the moving 
material and the surroundings, the shape and path of the rising per­
turbations are little affected by the structure of the surroundings".

The presence of intermittent layers of ultramafic pegmatoids 
(Photos 13 and 14) in the vicinity of i Itramafic pegmatoid contacts 
with country rock, was seldom observed. A suggestion as to their 

origin is difficult to make but intermittent layers were only found 

when ultramafic pegmatoids are emplaced in anorthositic rocks.
Loomis (1963, p.66) has reported "combed leyers" along intrusive con­

tacts and around inclusions, and stressed that "the combed structure 

sup asta but does not prove rapid crystallization on solid surfaces. 
Opening of fractures in wall rocks during rapid emplacement of wet 

magmas from a lower level is the type of structural control envisio- 

nsd".

Among the methods of emplacement of ultramafic pegmatoids re-



placement has been suggested by Cameron and Desborough (1964). At 
Bafokeng reaction relationships, and hence lack nf equilibrium 
conditions, mere found in narrow (0.^-0,5m) zones at the immediate 
contact of ultramafic pegmatoids with the host rock. hs formation 
of olivine and hornblende in fine-grained ultramafic phases at the 

expense of orthop. roxene cumulus could be viewed as a replacement 
reaction. However, the majority of the contacts lack a reaction zone 
between ultramafic pegmatoids and layered rock. There are differences 
in SG between ultramafic pegmatoids (3,97) and the layered rock, anor- 

thosites (2,/7) norites (2,98). These differences could suggest that 

if ultramafic pegmatoids are penecontemporaneoua with the layered 
rock, for the ultramafic pegmatoids to be emplaced in fractures and 

following layered contacts, they would have had to have a solidus 

temperature lower than that of the layered rock. Von Seifert ana 
Schreyer (1966) have indicated tnat "amounts of potassium as low as 
1 per cent may already convert solid ultramafic materials, with pre­

dominantly forsterite, into crystal mushes that remain mobile and 
thus able to intrude other rocks down to temperatures of about 700 C". 
In ultramafic pegmatoids some K is present in micas and plagioclase, 
.he highest K+ content reported being 1,67 weight per cent (Van Zyl, 
1969). There is then the possibility that the liquids which pro­
duced the host rock reached solidus temperature while the liquids 
which produced the ultramafic pegmatoids were abuve it. If that 
was the case then they would have been out of equilibrium and minor 

reaction phenomena along contacts could have occurred.

4. Other features.

A possible genetic connection between ultramafic pegmatoids and 

depressions in the Merensky 'Reef' has been suggested by Feringa end 

Cousins (1963, p.280). In the subsequent discussion Ferguson and 

3otha (1963, p.281) state that "The frequent association of cross­

cutting feldspathic pyroxenitic pegmatites and depressions is not 
surprising in view of the ubiquitous development of the former bodies 

throughout the Critical Zone". At Uafokeng no evidence was found to 
support a genetic connection betweei Late ultramafic pegmatoids and 

depressions.
Localization of ultramafic pegmatoids in certain layered rockt 

has been found by Coartze (1969, p.15) who notes that in the area 

north of the nianesberg alkaline Complex most of the ultramafic
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pagmaV.oids occur in the ferrogabbro of the Upper l o n e  (Fig. 1). it 
is of note that the projection of the trace of the gabbro unit (Main 
Zone) through the tranagreseive portion of the ferrogabbro (Upper 

Zone) resulta in most of ♦he ultramafic pegmatoids north of the 
Pilanosberg falling within the limits of the transgressed portion.

South and SE of Pilanesberg ultramafic pegmatoids are emplaced 

mainly within the g,?i; . : o  unit of the Main Zone. At ’ afokeng ultra- 
mafic pegmatoids are ei-placed and expand more readily in rocks of 
ahurthofiit .c composition than in those of pyroxenitxc composition.

5. Chemistry.

It is interesting to compare ultramafic pegmatoids uith ultra- 

mafic rocks of complexes like Duke Island and others which show high 

iron contents. Table 31 snows analyses taken from ables 2 and 3 or 
Taylor and Noble (1969) and an average of three analyses from Bafokeng

(Av5).

TABLE 31. Comparisons between ultramaf ic pegmatoid analyses from
............ G2C2keng_(Av5)i_and_other_ultramafic_rocks...............

i 3 5 Av.5 4

Si02 38,3 39,5 40,0 39,69 50,7

A12°3
7,2 - 10,6 1,86 1,6

Fe.O 13,3 - - 2,87 1,6
c 3

FeO 9,7 - - 24.96 3,9

Tot. Fe 16,8 17,4 14,5 27,54 -

MgO U , 7 - - 12,6 20,2

CaO 16,7 - 13,8 12,72 20,9

Na20 ' 0,9 - - 0,05 -

<_3 0,2 - - 0,01 -

r!=a 1,8 2,1 1,9 3,76 0,3

MnO 0,1 » 0,36 0,1

p o e 0,2 0,5 0,13 -
2 5 

H-0+ Q.,2 - - 1,12 0,3
2

n 0- - - - 0,04 0,2

- » not given in original.

1. uka -sland Magnetitite-hornblende pyroxenites
3. K lukwan ) fr.rom Table 3 _ Taylor and Noble (1969)
5. Percy Islands )
Av.5 Bafr iny. Average of G8G F , UPMR and 553 Be
4. Kanjaksvski-Kamen, Olivine pyroxenite. From Table 2,



Taylor and Noble (1969).

Analysis 4 has 0,5 per cent C ^ O y

From a comparison of the modes it appears evident that the iron con­

tent of ultramafic pegmatoids at Bafokeng is higher than that of 
iron-rich ultramafic roc <s. Contact phenomena do not rule out the 

possibility that ultramafic pegmatoids would have been 'contaminated* 
by the incorporation of layered rock so it is pertinent to look at 

the feasibility of this process. Given an ultramaf ic pegnatoid of a 
known composition the questions arising are: How to get this compo­

sition by mixing layered rock and an unknown 'magma' and in what pro­
portions? An addition and subtraction diagram of the type used by 
Bowen (1956) was constructed (Fig. 24) to try to answer these questions. 
(The chemical compositions used in the construction of figure 24 are 

given in Table 32.)
In Fig. 24, the average ultramaf ic pegmatoid below the Merensky 

'R e e f  and the average noritic cumulate, which is thought to repre­
sent the average magma composition, at the same elevation, are 
plotted on a nato line of silica content. Lines A and S are the 
limiting compositions determined by FeO and Al^O^ respectively. It 
is of note that TiO^ limits the composition more than Fed, but as 
in the layered rock Ti is an accessory element, it was not considered 
as accurate as iron. The same is tne case of Nar/I and K^O, which 
limit the composition more than Al^u^, sea inset in Fig. 24, but have 

a very low concentration in ultramafic pegmatoids. To get a magma 
with the composition of the average ultramafic pegmatoid as found below 

the Merensky 'Reef1 we must mix 8 per cent of the average noritic 

cumulate with 92 per cent of a magma of composition A. The modal 
<.n j net mat .vu components the Limiting Compositinn A are given in 
Tc iie 32. If a-ther iVe.,0 or K^ J were chosen as limiting compositions 

the amount o f  ■ urmative anorthite in composition A would be zero.

Tho importance of this diagram is shown by the fact that to explain 
contaminations higher than 8 per cent of ultramafic pegmatoid magma 

by layered rock, migration of elements like Na and K becomes necessary, 

because more extreme compositions of ultramafic pegmatoids are not 

obtainable since Na^Q and K^O are already zero in the ultramafic of 
composition A. If we plot ultramafis pegmatoids against anortho- 

aitic cumulates, the limiting compositions are almost equal to those 
of the analysis compared.

In ultramafic pegmatoids at Bafokeng the average Ni content is
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24. Id tion-Subtraction diagram.
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'

TABLE 32, Chemical composition# used in the construction of the 
addition-subtraction diagram of fig. 24.

Average 
ultromaf ic 
pegmatoid 
below the 
M. 'Reef'

Av. norite 
cumulate 

bolaw the 
M. 'Reef

Limiting
composition

A

Normative
components

of
composition

A

Si02 3y,69 49,38 38,85

A12°3 1,86 21,50 0,1 An 0,27

F92°3 2,87 1,46 - CaSiO^ 0,67

Fed 24,96 3,28 - Magnetite 4,09

Total FeO 27,54 4,60 29,80 Iltn 9,18

MgO 12,60 9,59 12,9 Olivine 34,18

CaO 12,72 11,31 12,9 Diopaide 51,61

NSgO 0,05 1,54 -

K2° 0,01 0,13 -

Ti02 3,76 0,12 4,2

MnO 0,36 0,06

P2°5 0,13 0,14

h 2o * 1,12 1,23 1,1

1cCM
X 0,04 0,06

h 2o - not plotted in Fig. 24.

...__  .     V* - w
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similar and the average Cu content generally higher than that of 

ultramafic pegmatoide analysed by Linbenberg (i960, Table 210) at 

Qnvarwacht and Mooihoek, lower down in the Critical Zone. Further­
more as the distribution of Ni and Cu in ultramafic pegmatoide at 
the top of the Critical and bottom of the Main Zonno aay have been 
influenced by the incorporation of Ni and Cu-rich sulphides from the 
layered rocks, therefore no evidence of fractionation in the fluids 
whicn produced the ultramaf ic pegmatoide can be based solely on the 
Ni and Cu results. The same applies to Rb and Sr, and in addition 
the Rb and Sr contents of Basal Zone and chill phase are not accu­

rately known.

6. ^onposition of the intercumulus liquids in the 

Critical Zone.

One of the main problems of the investigation was to answer the 

following question: can intercumulus liquid produce ultramaf ic

pegmatoide?
The requirements necessary to answer this question are: 

an accurate knowledge of the composition of the evolved magma at 

any one stage, (l)
- an accurate knowledge of the phases which crystallized from the 

trapped intercumulus liquid (2).
As the trapped material represents the composition of the magma

- subtracting (2) from (1), the material which had to be added or 

subtracted from the trapped magma considered,to produce inter- 
cumulus crystals of the composition observed,could be obtained.

At Bafoker.g, (2) could be calculated from direct observation.

The composition of the magma approximately 20m belr the Merensky 
'Reof' was thought to bo represented by the average .loritic cumulate 
below the Meronsky 'Reef'. The reason for this assumption is that 
this noritic cumulate shows approximately the same proportions of 

the two cumulus minerals crystallizing at the top of the Critical 

Zone, namely orthopyroxenv and plagioclase.
Analyses 1637 and 722, both of noritic cumulates below the 

Merensky 1 Reef1 wore averaged. It is then assumed that the comooai- 

tion wf the trapped material equal to that of the contemporary magma, 
can be estimated from the average of these two analyses (Table 33).

In the portion of the Critical Zone which was studied, anortho- 

sitic cumulates are the more f -tquant hosts to ultramafic pegmatoide, 

therefore the path of crystallization of intercumulue material in one



of these anorthoaites was considered. From a modal count, Fig. 8, 
an average anorthoeite is seen to be composed of 91 per cent plagio- 
claae and nine per cent pyroxenes, of which:

26 p e r cent ia zoned plagiocleae, which probably 
lepreaenta Intercumulus growth,
5 per cent ia orthopyroxene, of which 0,9 per cent 
is zoned,

4 per cent is orthopyroxene, of which 0,8 per cent 
is zoned.

The following objections can be made to these figures:

- the proportion of intercumulus material (35%) is in accordance 
with the figures given by W a g e r  and Brown (1968, p.554) under 

normal packing conditions. However, Wager and Brown (op.cit. 
p.66) remark that "A rock containing 80 per cent of plagiocleae ia 

likely to have been produced by loose packing of 50% of plagioclase 
tablets, followed by adcumulus growth giving about 20% more plagio- 

clase of the same composition and, finally, by the deposition from 

the trapped liquid of about 10% of lower tempaeratupo, more sodic 
plagioclase".

It was determined that the composition of the zoned plagioclase 
.̂s wn 80, as compared to An 76 of the cumulus. No complex zoning 
of the type described by Ferguson and Wright (1969) was found.

Taking into account zonation, the pyroxenes gave an average 
composition of En 76 and clinopyroxene Ca 44 Mg 45 Fe 11.

ihe volumetric proportions of zonec plagioclase, clinopyroxene 
and orthopyroxene were recalculated to weight per cent (Table 33). 
The 34,99 was recalculated to 97,9 per cent and named (Avincr). 

Comparison with the magma composition, as represented by the average 
rock (Av.mgm) was then made (Table 33).

Theoretically, if during the process of postcumulus growth there 
had not been exchange of material between the trapped liquid and the 

overlying magma, the composition of the products of crystallization 
of the intercumulus liquid should be equal to tho composition of the 

magma trapped. Since analyses Av mgm and Av incr are different, 

material must have been exchanged between the magma end the trapped 

liquid. By subtracting Av mgm from Av incr the material exchanged 

during intercumulus growth becomes apparent (Table 33). The materiel 

'extracted' from the average magma to produce tne observed inter- 

cumulus minerals is mainly MgO and FeO in a ratio FeO/MgO 0,386.
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TABLE 33. Calculations of the composition of the trapped magma 
approximately 50m below the Marensky 'Beef1.

A v e r a g e  „agma " » « ? * "  * f f -  A „ .  „ g „

Average of pegmatoid US minus
analyses 1637 below the n .a an°rtho-

unu 722 Morensxy
^ e e f / _  ( Cr>

35^ intercumu- 35/5 re cal­
lus plagioclaae culated to

 _______________________ +_opx *_cpx_________97 , {J2%

i>i02 49,34 49,38 17,44 48,81 - 0,54)

Mt,0 9,60 12,60 2,12 5,93 - 3,67)^ ^2

4,60 27,50 0,82 2,29 - 2,3lj

CaO 11,32 12,72 5,28 14,78 ♦ 3,46)
Na20 1,55 0,05 0,62 1,74 ♦ 0,19)6,51
A12Q3 <1,51 1,86 8,71 24,37 ♦ 2,86)

Total 97,92 34,99 97,92

TiO^, MnC^, H^O*, H^O- not included.

mgm « magma “ extracted from the
Av mgm to produce 

Av * average Av incr.

Av.mgm « Average magma * added tc Av mgm to
Av.incr = Average intercumulus liquid produce Av inci.

in an anorthoaite cumulate

The material 'added' is mainly CaO, A l ^  and Na^J. Supposing that 
the material 'extracted' instead of migrating to the overlying 

magma had migrated laterally within the anorthoaite considered, 
could it have produced ultramafic pegmatoida?

If we compare the Fe0/Mg0 ratio of the 'extracted' material 

with that of the ultramaf is pegmatoida, the letter varies from 2,85 
in sample UP8MR, to 1,06 in sample 553, differing considerably 
from the value of 0,386 of Fe0/Mg0 of the 'extracted' material. 
Therefore it seems that if instead of migrating to the overlying 

magma, the 'subtracted' material had done so laterally, the ultra- 

mafic pegmatoids would be more enriched in magnesium than in iron.



7• Comparison of the avaraun magma (fty mam) with a rock 
obtained by mixing the av/araqa anorthositic layered 
rock and ultramafic peqmatoids. All these rocks 
below the Merensky 'ReeP*.

It was thought interesting to compare the average magma below 
the Merensky 'Raef', represented by Av mgm, with a rock obtained by 
mixing the average layered anorthoaite below the Merensky 'Reef with 
the average ultramafic pegmatoid below the Meronsky 'Reef. The 
reason for this exercise was the localization of ultramafic pegma- 
toids in anorthositic layered rock and the possibility that ultra­
mafic pegmatoids could represent the 'unwanted' intercumulete 
material of the anorthocitic layers (Table 34).

TAtlLE 34. i.ompariaon of the average magma (Av mgm) with a rock
obtained by mixing the average anorthositic layered rock 
and the average ultramafic pegmatoid. All these rocks 
below the Merensky 'Reef.

Av UP Av. An 
Q * c • n •

1U weight 
per cent 
of ultra- ♦ 
mafic p^o- 
matoid

90 weight 
par cent 
of onor- 
thosite
6 e C e A »

■ 100%
Noritic 
cumulate 
(Av mgm)

FeO 24,96 1,31 2,49 1,18 3,67 3,28

Fa2°3 2 ,8? 0,20 0,29 0,18 0,47 1,46
MnO C,36 0,04 0,03 0,03 0,06 0,08

Ti02 3,76 0,05 0,37 0,05 0,375 0,12
CaO 12,72 24,82 1,27 13,34 14,61 11,31
k 2o 0,01 0,20 0,001 0,18 0,181 0,13

P2°5 1 0,13 0,16 0,013 0,14 0,153 0,14
Si0 2 39,69 48,31 3,96 43,47 47,43 49,38

A12°3 1,86 29,06 0,18 26,87 27,05 21,50
MgO 12,60 2,17 1,26 1,95 3,21 9,59
NaO 0,05 2,44 0,005 2,19 2,195 1,54
H2Ut 0,04 0,06 0,004 0,05 0,054 0,06
h2o- 1,12 0,79 0,11 0,71 0,82 1,17

Av UP > Average ultramafic pegmatoid below the Merensky 'Reef'

Av An ■ Average anorthoaite cumulate below the Merensky 'Reef
Av mgm = Average magma
cs s s * s s x B r * 3 s a x « sss ars 3n* sse ses rse s s*a ase x*a *ea eee *ee rea «as e** Bst »8s *sw

Although no true estimate was made throughout the mine, it was 

estimated thut in the 5 Shaft area ultramafic pegmatoids occupy 10 per



cent by volume of the anorthoeiti c layers found between the Mereneky 
'Reef and the bottom contact of the a.c.n. Baaed on this estimation 
10 per cent of ultramafic pegmatoid was added to 90 per cent of anor- 
thositic rock and compared with the average magma represented by the 

average noritic cumulate. The results are given in Table 34.
This comparison is hampered by the fact that weight per cent of 

oxides are compared, and the percentage of ultramafic pegmatoids in 

anorthoeitic cumulates was obtained by volume.

8. Origin of structures studied in con lection with 

ultramafic pegmatoids.

The structures described in 344 Stops, 377 Raise and 1 Last 
Drive 1 Shaft, do not seem to be connected with the emplacement of 

ultramafic pegmatoids. The folded structure in 344 Jtope (F ig. 2u) 
was produced in the same stops without connection with ultramafic 
pegmatoids, end furthermore no transgression of the layering was 

observed at the apex of the fold.
Regarding the exposure in 377 Raise (Fig. 21;, severa; facts 

have to be considered. The mineralogy of the cross-cutting pipe shows 
a noritic composition in which the En content of orthopyroxenes is 
similar to the orthopyroxenes within the Mereneky 'Reef' (i.e. En 80;. 
This, together with the fact tnat orthupyroxenes are not considered 
to be primary minerals in late ultramafic pegmatoids could suggest t' at 

there is no genetic connection between the croes-cutting pipe and the 

ultramafic pegmatoid intersected down dip. If there is no genetic 

connection between the two, another origin must be postulated for the 
cross-cutting pipe. Down dip from the pipe, thk Mereneky 'i.eef' and 

its immediate anorthoeitic cumulate footwall show features which may 

have been the product of slumping. These features are intermittent 
layering, branching of the chromitite layer of the Mereneky 'Reef, 
pyroxenite interlayered with anorthoeite with the pyroxenite showing 

Pt, Cu and Ni mineralization, and the 'absence' of the Meronsky 'Reef' 

in the area affected by these features. If these features were pro­

duced by slumping the fact that the vertical distance affected by 

the slump is approximately 3m, is consistent with several studies con­

cerning the depth of unconsolidated mush on the floor of an intrusion. 

According to Hess (1960, Chap. XIII; slumping a'facts only the top six 
to ten feet of the crystal mush. He suggests that the reason is that 
at greater depths there has been sufficient crystallization of the



intercumulus liquid to bind the crystals together and prevent slum- 
oing. Displacements in contemporaneous faults, in the Critical Zone 
of the Bushveld Complex, do not exceed 3m, (Ferguson and Botha, 1963 
p.271), which agrees with the figures given by Hess. If slumping of 

the Merensky 'Reef and immediate footwall had occurred, it seems 
reasonable to expect that, on the edges of the slumped area, a re­
injection of material of similar composition to that of the rocks 

affected by slumping had occurred. If this is so the pipe would be a 
puna contemporaneous event genetically related to the layered rocks 

and not to ultramafic pegmatoids.
Finally, regarding the micaceous pipe intersected by 1 Last 

Drive 1 Shaft (Fig. 22), the scarcity of the data obtained does not 
warrant extensive conclusions but that water has been added to the 

country rock seems evident. The pipe shows closer microscopic and 
chemical affinities to the micaceous carbonatite dyke, which inter­
sects the pipe itself than to the ultramafic pegmatoids. It is pos­

sible that this pipe and dyke are much later Pilanesberg age 
(Ferguson, 1973). Even if a zoned arrangement of oxides and silicates 
is sometimes present on a microscopic s le, both borehole intersec­
tions failed to prove any large scale i ing in the pipe, therefore it 
is possible that the concentric magnetic anomaly is due to weathering 
near surface. No ultramafic pegmatoid was intersected in contact 
with the micaceous pipe and even if a superimposition of both bodies 

occur near surface, it is doubtful whether their origins could be 

genetically related.

9. Origin.

a. Previous theories. - Wagner (1973) studied the ultramafic 
pegmatoids in the Rustenburg district, and concluded that sorru bodies 
were developed by replacement processes but others were definitely 
intrusive. Since then several authors have proposed different theories 

to account for the origin of ultramafic pegmatoids. Lombaard (1956, 
p.69) suggested that the Bushveld dunites resulted from the fractio­

nation of an interstratified magma. "Thus at Mooihoek there are 

three phases emplaced in the sequence: chrysolite dunite,
hortonolite dunite and hornblende pegmatite. The dominant silicates 

of the three phases conform to the calc-alkali trend of differentiation, 

being from anhydrous, iron-poor varieties towards alkali-bearing, 
hydrous and relatively iron-rich types, typical products of crystal 

fractionation". "Seeing that the dunite bodies are small and scattered



somewhat arbitrarily although occurring mostly in the Critical Zone, 
their likely seats of origin are local reservoirs or an extensive 
(interstratified ?) chamber, "

Schwellnus (1956, pp.167-169) found that the co-occurrence of 
hortonolite dunite and chrysolite dunite in composite pipes at 
Onverwacht, Mooihoek and Driekop is the exception and not the rule.

He postulated that " the chrysolite dunite and hortonolite dunite 
represent separate magnetic entities". Since then the origin of the 
1 magma' which produced the ultramafic pegmatoids has been thorough­
ly discussa j. Liebenberg (i960, p.67) remarks the chemical differ­

ences between hortonolite dunitee and the layered rocks and concludes 
that "The hortonolite dunites are the differentiation product either 
from another magma than that from which the other rocks are formed 

or from the same magma after it has first undergone a partial change".
Coartze (I960) postulates remelting of country rock and injec­

tion of aunitic magma. This same author later describes magnetitite 

layers and associated magnetitite pipes. To account for the apparent 
connection between both he proposes "a process of spreading-out end 
injection" with the magnetitite pipes acting as feeders.

Since Lombaard (op.cit.) suggested the idea of an interstrati- 
fiad magma which has undergone fractionation several authors have 
endorsed his views.

L iebenberg (1969, p.192) claims that the ultramaf ic pegmatoid 
pipes of the Critical Zone crystallized from a pegmatoid fluid which 

originated in the intercumulus spaces of the rocks of the Critical 
Zone. And also that "the pegmatoidal fluid is a differentiation of the 
pyroxenites and norites of the Critical Zone".

Willemse (1969b) suggests that certain magnetitite plugs with 
associated diallage pegmatoid occurring in the central and upper 
portion of the Main Zone are rf local origin. Quoting Molyneux 

he stressed, (Ibid, p.205), that there is a clear relationship between 
the magnetitite plugs and the layers at a given elevation. Ae the 

.magnetitite plugs have a slightly lower content of vanadium they "are 

of local origin and represent pegmatoidal segregations in their environ­

ment". Willemse had stated previously (19,4, p.H8)i "The magma 

could have originated almost in place by any process such as 
filter-pressing or lateral secretion leading to a concentration of iron- 
rich fluids",

S'dhnge (1963, pp.xlvi - xlvii) postulated that "pockets of hydrous



famic residium mere segregated in ♦"•"•a most highly differentiated 
layers of the gabbro gill". According to S'dhnge, injection, lateral 
end upward diffusion of iron and magnesium towards hydrous centres, 
and metasomatic reaction are some of the processes which may have 
contributed towards the formation of the different ultramafic p e g m a -  

toid types.
Metasomatism of the layered Bushveld rocks as a process leading 

to the formation of ultramafic pegmatoids has also been postulated 

by Cousins (1960, p.83) and more recently by McTaggart (1971, p.38) 
who proposes that in the pipes of the Bushveld Complex, "if 
and othor volatiles were fed continuously from underlying sedimen­

tary rocks to high points in the base of the crystallizing magma, 
they could form "gas chimneys" (Waters 1960, p.358), that although 
small in cross section, might open during crystallization of the 

Bushveld magma and provide a passageway for mei-somatizing fluids.
It is suggested that metasomatizing fluids were able to replace the 
walls of the gas chimneys with olivine, pyroxene, hornblende, sul­
phides, and sc on, and deposit iron-rich hortonolite .along the axis 
of the pipo". According to Cameron and Desborough (1966) replacement 
of layered rocks by water-rich undersaturated fluids best explains the 
features observed at Onverwacht and Mooihoek. They suggest that as the 
layered rocks in tha Critical Zone contain elements like fe, Ti and , 
in which the ultramafic pegmatoids are enriched with respect to 
layered rock, then all that is needed to produce the ultramafic peg- 
matoida is a "hydrothermal (pneumatolitic) re-arrangement of material 
within a mass of rook". Other processes leading to the formation of 
ultramafic pegmatoids have been described by Ferguson and McCarthy 
(1969, p.79) who attributed the formation of an ultramafic pegmatoid 

product of violent emplacement to "an aggregation of volatile fluids, 

rich in ultramafic components in the mafic Bushveld magma". In the 
subsequent discussion with Cameron (1969, p.79;, this author mentions 

a small ultramafic pegmatoid body which appears to have formed largely 

by the filling of dilatant fractures.

b. Iron enrichment. - At Bafokeng the extreme iron enrichment of 

some ultramafic pegmatoids poses two evidently related questions; 

where did all the iron present in ultramafic pegmatoids come from, and 

is there a penecontemporaneoue relationship betwer.i ultramafic pegma­

toids and their host rock, or are we dealing with different time



At the moment three different origins for the iron can be postu­
lated. It can be suggested that it originates from:
- intercumulus differentiated liquids,

that it has been selectively remobilized from the layered rocks
by later fluids,

C=““  fro“ an underlying magma r.aervoir in .nich iron
enrichment mas taking plan.. We .hell examine these possibilities

i. Intercumulus liquid.. - The procae, of i.te iron enrichment 
in layered complex., has been attributed by eev.rel author, to late- 

siuge liquid.. In Alaska, pyrox.nlte-m.gn.tit. layer, are found b.lo. 
the presumably earlier differentiate. (T.y or and Noble, 1,69). To 

expiain the., layer., Taylor and Nobs, (op.cit.) .ugga.t.d migration
°r donee, late-atag. liquid, to the bottom of the bo.in along the 
margins of the intrusive.

hucknick and Noble (1,5 9 ) di.cua.ing "magnetite bend." of the 
-’".on Bay Complex, have props,,. I that "at a late .tag. in cry.talli- 

ration of the pyroxenite, whan m.at of the diop.id. but little of the 
magnetite had crystallized, t„. .role may have had enough rigidity 
to respond to .tre.e a. , .olid. In thi. ca.e, ,tr... created by ,ub- 
..ouent Intrusion may hau. caused the , mo.t wholly crystalline m... 

to fail along regular fracture., following local pr.e.ur. gradient, 
created by fracturing, the .till-liquid pcrtion of the magma (mo.tl, 
magnetite, would then have accumulated along the frector..".

Bateman i1951, p.422) proposed the theory of "a late gravitetiv. 
liquid accumulation, which in thi. ca.e became .objected to pr...ur.

end wa. .quirted .I.e.her. ...» to explain hortonollt. dun it. and dunit. 
pips at Xaoihosk Platinum Mine, Eastern Bushveld.

Within the mafic rocks of the Bushveld Complex, iron enrichment 
took place continuously with differentiation and culminated in the 

magnetitite layers of the Upper Zone, therefore it could he argued 

that as differentiation progressed the trapped intercumulue liquids 

/became more enriched in iron. We must therefore examine if ultramafic 
pegmatoids show an iron enrichment from the Basal to the Upper Zone, 
comparable to that of the layered rocks. It is interesting to note 

that while chrysolite dunite pegmatoid pipes are restricted to the 

Basal Zone (Schwellnus, 1956) magnetitite pipes are restricted to the 
a m  and Upper Zones. Although magnetitite pegmatoids form small 

bodies in the Critical Zone (Bafokeng) end Basal Zone (Cameron and
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Desborcugh, 1964), the transition between pipes of hortonolite dunite 
with subordinate magnetite to magnetitite pipes with subordinate 

diallagite occurs within the Main Zone of the Complex, therefore it 

could be argued that iron enrichment in ultramafic pegmatoitis pro­
gressed from the Basal to the Main Zone. Certainly iron enrichment 
of intercumulus liquids, and hence ultramafic pegmatoids seems to De 
easier to obtain in the vicinity of the magnetitite layers of the Upper 

uone than at the Basal or Critical Zones. However there are several 
factors leading to iron enrichment of intercumulus liquids. Martin 

and Piwinskii (1969), showed that iron tends to fractionate into gas
phases and that Fo , 0 ^ may be leached from diabases by aqueous fluids.
They also note that the migration of iron towards lower temperature 
zones differs markedly from that of Ca and Mg which remain fixed at 

the high temperature end. This process could produce iron enrichment 

almost in any part of the layered rocks. It is also worthy of note 
that i reyer and Johnston (1967, p.62) suggested that consolidation 

in picrites was accompanied by an early magmatic migration of volatile 

rich material. "The chemistry of this migration, however vaguely 
conceived at present, seems effectively to stabilize Mg-rich olivine 
and Ca-rich plagioclase with relation, respectively, to iron and 

sodium,...."
To explain ilmeno-magnetite ilmenite concentrations, Buddington 

et alii (1955, pp.528-9) have advanced the theory t.iat the ore is a 
product of liquid immiscibility with a water-rich silicate phase end 

has segregated from anorthoaitic, mafic or felsic magmas. Therefore 
liquid immiscibility is another possible process leading to iron en­

richment in intercumulus liquids. Some other factors which may have 
load to iron enrichment of intercumulus liquids are: partial pressure

of oxygen (j>o), and oxygen fugacity (fO^). Presnall (1966, pp. 4-
775) shows that high f a  may precipitate magnetite. O'Hara (1968) 

notes that, the fractionation trends of iron-bearing liquids, once 

they commence their ascent are greatly influenced by the partial 
pressure of oxygen if the system is not closed to volatiles. On 

the other hand, Ulmer (1969, pp.126-129) has shown that in the 

system Mg^SiO^-FaO-FegO^-CaAlgSlgOg-SiOg at a constant taAlgSlg^g 
content of 40 wt per cent, the field of magnetite increases at 
the expense of the onorthite field with increasing oxygen fugacity

(fOg). Factors controlling fOg, which may have operated at the time

of the formation of ultramafic pegmatoids especially underneath

. ■ ■
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chromitite layers are: release of gases through vents and cracks,

and loss of gases through diffusion, if iron enrichment was produced 
from intercumulus liquids, different conditions of growth of inter­

cumulus crystals may have affected iron enrichment. Under conditions 
of orthocumulus growth iron enrichment of intercumulue liquids could 
progress further then under adcumulus conditions.

Finally it is interesting to note that if the iron enrichment 
was produced from intercumulus liquids, there would be a penecontem- 

poraneous relationship between ultramafic pegmatoida and their host 
rock. At Bafokeng magnetite within ultramafic pegmatoitis was the 
last mineral to crystallize, forming at the expense of all previous 
minerals, but there is no evidence against a penecontemporaneous 
relationship between magnetite and other silicate minerals in ultra­

mafic pegmatoida. However it »s worthy of note that Schweilnus 

(1956, p.166) states that "the fact that corcentrations of pure mag­
netite occur as pipe-like bodies and veins within the peridotite rock 

indicates that 'magnetite liquor* continued to be fed to the pipes 
even after the peridotite was virtually crystalline".

ii. Selective remobilization of iron. - If iron, along with 
titanium and vanadium wore selectively remobilized from the layered 
rocks, by the water-rich solutions which formed the ultramafic 
pegmatoids, a source for the iron-rich pagmatoids is obtained.

The geochemical mobility of iron and titanium, especially that 
of the latter, Korzhinsky (1950, p.50), is low under certain conditions; 

however, Mason (1952, p.124) notes that "gases at high pressure and 
temperature are capable of dissolving many substances not themselves 
volatile", and furthermore iron dissolution by aqueous fluids is 

postulated by Davidson and Wyllie (1968) to explain diabase-grano- 

phyre associations. Currie and Ferguson (1971) have shown that 
elements like Fe, Mg and Ca, can be reasonably mobile in the presence 

of anions like C1-, F-, 5f^ = , N O H o w e v e r  petrographic evidence 

for the mobilization of iron from the layered rock has yet to be found.

Eastwood (1965) examines possible sources of iron for a mag­
netite body formed by replacement on Vancouver Island, and suggests, 

as a source, the adjoining country rock. Eastwood (op.cit.) inter­
prets 'bleaching' of country rock as a possible criterion to indi­
cate loss of iron.

Perhaps the main contention against this theory is given by 

Cameron and Deeborough (1964) who note that the elements which
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constitute the ultramafic pegmatoid are also present in the layers: 
rock, and state "If the process is merely rearrangement, one •'•uulti 
expect that somewhere in the associated rocks of the Bushvela the 
source rocks of the constituents required would be identified.
These would be rocks that have likewise undergone alteration, but 
one complimentary to that described above. No such rocks have yet 

been recognized".

iii. Underlying magmatic reservoir. - The possibility that a 

separate magmatic reservoir existed apart from the chamber wnerc 
layering was taking place, finds support in the fact that several 
pulses of magma may have replenished the main Bushveld magma. Wager 

and Brown (1968, p.399) state that "Platinoid minerals also occur 
in relative abundance in the dunitic pipes which cut the Bushveld 
intrusion near its eastern margins, and tho-e is probably a close 

genetic relationship between the source of these bodies and the 
fresh pulse of magma that is believed to have replenished the main 
Bushveld magma chamber immediately prior to the deposition of the 

Merensky Reef layers".
Iron enrichment in this underlying magmatic reservoir is 

necessary to provide a source for iron-rich material. At present it 
cannot be visualised how this hypothetical iron-enrichment could be 

connected with the different ultramafic pegmatoid types.

10. Conclusions
The origin of the magma which produced the ultramaf ic t *

is not known. However the suggested equilibrium conditions -
most contacts between ultramafic pegmatoida and layered rock, 'ske­

in conjunction with the fact that fractionation or other processes 

can lead to iron enrichment of intercumulus liquids, all support the 
suggestion that the magma which produced the vltramafic pegrnatoids 

originated from intercumulus liquids. Fluids in equilibrium with 

this magma ware probably water and iron-rich and undersaturated.
Other than the fact that ultramafic pegrnatoids are emplaced along 
joints and that there are ultramafic pegmatoid occurrences where 

t ay ware forcefully emplaced (Ferguson and McCarthy, 1969) there is 
not much evidence as to what was the amount of consolidation which 
had taken place in the layered rocks, at the time of their emplace­
ment. If the layered rocks and ultramafic pegrnatoids formed penecon- 

temporaneously, the ultramafic pegrnatoids had to have a lower



solidus temperature and therefore be true late pegmatoida, and the 
fraction found emplaced in joints could represent the last to 

crystallize. This last magmatic ultramafic pegmatoid fraction being 
below the solidus of the layered rocks would only at this stage show 
a disequilibrium condition with the host rock.

If ultramafic pegmatoids originated from intercumulus liquids, 
the predominance of ultramafic pegmatoids in anorthositic cumulates 
could perhaps be related to the removal of more intercumulus mafic 

magma from this variety of cumulates than from any other cumulate 
type. However, this possibility remains to be proven.
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APPENDIX I 

1. Magnetic surv/ovs.

Magnetic surveys were carried out using Askania and 
Callander portable magnetometers.

2" Lctimate of ultramaPic pegmatoids in the different 
layered rocks.

An estimate of tne proportions of different cumulate 
types was made in boreholes not affected by ultramafic pegmatoid from 
25m below the Merensky 'Reef' to 43m above it. Results are as 
follows;

51,01 vol. per cent Anorthosite cumulates

Norite cumulates 
5*45 Pyroxanite cumulates.

In boreholes which intersected ultramafic pegmatoid a simple 
comparison with the above proportions would show the proportions of 
ultramafic pegmatoid which forms at the expense of the different 
cumulate types.

^* ^hromitits-magnotitB ^ogmatold contacts.

Unit cell measurements of chromitite and magnetite were 
taken on the 311 d-epacing.

4* Methods of analysis of the different minerals. 

PlagioclasQS.

Methods used. - Four different methods of analysis of plagioclase 
feldspars were used with variable results. This includes X-ray 
powder diffractometry, X-ray fluorescence and optics.

A-ray powder diffractometry. - Plagioclase concentrates from the

top portion of the Critical Zone and lower portion of the Main Zone 
were analysed by the method described by Desborough and Cameron 
(1V6B, p.22). Most samples included both cumulus and intercumulus 

plagioclase. Samples taken within the Merensky 'Reef include only 
intercumulus plagioclase.

ihe composition of the plagioclase in the ultramafic pegmatoid 
bodies was difficult to obtain because they were altered, especially 

around the periphery to serialte and/or penninite. Graphs obtoined
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of this type of plagioclaae usually showed d-131 poorly developed 
and d-220 masked by another unidentified peak. This method shows 

four to ten per cent An discrepancy when compared with chemical ana­
lysis, and four to six per cent discrepancy compared with results 

from the available iterators, always towards a lower An content.

The results of the powder diffractometry method are therefore consi­
dered to be less accurate than the results obtained by other methode, 
however differences between this and the other methods seem to be 

small. .he possibility nf analytical error is not disregarded, but 
ttiaprecision obtained by reading ten different concentrates from the 
same sample was - 1,05 per cent An at the 66 per cent confidence 

limit, and - 2,1 par cent An at the 95 per cent confidence limit, which 

suggests that larger differences are not attributable to analytical 
error.

'•-ray fluorescence. - Two plagioclaae concentrates were prepared for 
chemical analysis. One, No. 180 from the layered rocks, and the other 
PL2 from pegmatitic feldspars included in an ultramafic pegmatoid at 
the same structural height.

Samples No. 180 and PL2 were crushed to 100 mesh (0,147 mm)
oc ore separating with a Franz magnetic separator. As it was known
that pegmatitic plagioclases within ultramafic pegmatoids nearly
always have small amounts of alteration, sample PL2 was hand-picked

under the microscope. Small amounts of alteration products may,

however, be present. These concentrates were subsequently ground to
-3?0 mesh, and analysed for major elements using a Philips 1540

Vacuum X-ray spectrograph. Several other Na analyses were made by
reading the sodium peek and background on different standards, and

plotting their known concentration against the intensity read. The
intensity of the unknowns was referred to the variation line thus

obtained. Several plagioclaae feldspars from the layered rocks were
analysed by X-ray fluorescence. The pressed pellets include both
cumulus and intercumulus material, 

methods
Optical/ - Maximum extinction angles in sections cut perpendicular 

to X were obtained and v lues referred to the curve given by Deer 
et alii (.1966, pp. 138-139). Zonation of plagioclaae was measured 
by orthoscopic readings of 2V.
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ClinopyroxBpaa.

Optic axial angles were measured by direct orthoacopic readings of 
2V. Low refractive index hemispheres were used, and a correction 
made for refraction errors using Fedorov's diagram. In addition to 
thle,^-refractive indexes were obtained. Due to the variation of the 
liquids with temperature, the true reading on the liquid was obtained 
immediately after the match between crystal and liquid was found.

The precision of the indexes thus obtained waa - 0,005.

Olivines.

Olivines wars analysed by the method outlined by Yoder and Bahama 

(1957), using a 114,8mm camera, Ni filtered Cu radiation. No in­

ternal standard was used. Ten analyses of the same sample were ob- 
taineo and the standard deviation was calculated. For the sample 

chosen a mean of 49,54 Fe was obtainad, and the standard deviation 

was 2,1 at the sixty six per cent confidence limit. To reduce the 
possibility of error two analyses per sample were obtained, and some 
of the samples were checked by the method outlined by Oambor and 

Smith (1964). Samples, smaller than 1mm. were drilled out of the 

thin section.

Orthopyroxenes.

All orthopyroxenes ware analysed by direct orthoacopic readings of 
2V using a low index hemisphere. Readings were referred to a Fedorov 
diagram and corrected. These values were then referred to the curve

of Hess (1952) and En values obtained.

' u i p h i d u s .

Sulphide proportions were also calculoted from the S, Ni and Cu 

contents obtained by X-ray fluorescence, in the following wayi
- first, all Ni was calculated as chalcopyrite of formulae (FeNi)^Sg, 

second, all copper was calculated as chalcopyrite of formulae

Cu Fe Sg,
- third, all the S left was calculated as pyrrhotite of formulae 

Fe S.
The procedure is only semi-quantitative, since the paragenetic 

relations are altered, the real formulae of pyrrhotite shows a de­

ficiency in iron end furthermore both copper and nickel can be
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presant in pyrrhotite.

Amphibj 1o 3.

A single pegmatitic amphibole from a granitic pegmatoia was analysed. 
Major and trace elements were estimated by X-ray fluorescence. The 
intergrown character of mica magnetite and sulphides within thie 
amphibole was overcome by a magnetic separation done with a Franz 

separator.

Ccagua minerals.

S t  idard reflectivity and Vicker'a hardness testa were carried out, 
on opque minerals, using Leitz equipment. Pyrite was used ne a stan­

dard.

5. Chemistry.

On the different samples presented in this paper, major 

elements were estimated by X-ray fluorescence using e Philips PW 1540 

vacuum X-ray spectrograph.
FeO was estimated wet-chemically by the dichromatic oxidation 

method, Schafer (1966, pp. 763-790), using dephelinamin as on indicator 
1 nturr.ational standards including W-l, AGV-1, BCR-1, GSP-1, Gh, G-2, 
PCC-1 and DT5-1 were used for calibration purposes. Tne concentra­
tions used were those given by Fleischer (1969) for W-l Roubalt et 

alii (1968) For GR, and Flanagan for the remaining standards. Mass 

absorption corrections were applied for all elements heavier than 
copper. The Compton peak method of Reynolds (1963) was used in these 
instances. In the case of iron and manganese an aluminium filter 

interposed between the X-ray tube and the sample wee used to remove 

tube inte.ference.

Sampling procedure.

Seven samples of ultramafic pegmatoid were selected for chemical 
analysis, the basis for selection being as follows: three were taken

from surface borehole 553 and four from underground exposures.

Sample 553 Ab consists of four 0,12m sections of core taken 

in ultramafic pegmatoid above the 6.M.P. The samples wore taken at 
approximately 30m intervals, starting at a depth of 150m and progres­

sing downwards. Sample 553 Be. A# only one ultramafic pegmatoid



lense was intersected below the Mereneky 'Reef*, this sample is not 

composite, 0,36m of core represents the ultran.afic pegmatoids below 
the Meronsky 'Reef1. Sample 553, is a composite sample taken from 
40 to 66m above the Mereneky 'Reef', representing a section through 

highly serpen tinized dunitic pegmatoid and associated troctolitic 
pogmatoid found in borehole 553. Three of the four samples of ultra- 
mafic pegmatoid taken underground come from 1 Snaft, 3 West Drive 

1 ig. 15, Section C), where an ultrameric pegmatoid is found immediate­
ly above, within and below the Merensky 'Reef. Sample UPAMR, was 
taken above the Merensky 'Reef whore the host rocks are plegioclnee- 
orthopyroxeno cumulates. Sample UPMR, was taken at the Merensky 
'’Qef' elevation, whore the ultrama* ic body cross-cuts the Merensky 
'Reef. The sample was taken next to an undisturbed portion of the 
Merensky 'Reef which is over- and underlain by ultramafic. Sample 
GBCR, was taken at the same exposure, below the Merensky 'Reef. The 

host rock is a plagioclase heteradcumulate. The seventh sample of 

ultramaf pegmatoids, UPBMR, was taken at 382 Raise, 5 Shaft, f i g . 12. 
The sample was taken at the position where the ultramafic pegmatoid 

is unplaced conformably in an anorthositic cumulate.

'iB dif erent cumulates of the layered rocks were analysed above 
and below the Merensky M e e f  . Four anorthositic cumulates vare 

sampled; samples 126 and 163 were taken at the a.e.r.. Samples 518 

and 680 come from above the B.M.R. and were taken from surface bore­
hole cores of the same number. Samples 1637 and 722, both of them 
noritic cumulates, were taken immediately below the e.c.n., end are 

thought to represent the average magma composition between the Ilf. 2 
pyroxenite and the Merensky 1 Reef' because they have approximately 

the same proportions of the two more abundant cumulates being deposit id 
during this interval, namely orthopyroxene and plagioclase. Sample 
510-15, a gabbroic cumulate, comes from the borehole of the same 
number approximately 590m above the Merensky ' R e e f , in the Main Zone. 

Sample 66., a gacbroic cumulate from the Main Zone comee from the 
borehole of the same number.

sample MR IS and MR284, are samples of the pegmatitic layer of the 
Mereneky 'Reef' taken at different structural elevations, in the 1 

ana 5 Shaft areas respectively. They are both channel samples and do 
■ot include the chromitite layer. Sample PPUG4, represents the pag- 

matitic pyroxenite layer associated with the upper chromitite layer 
(UG 2) and was taken in the 4 Shaft area. Sample NodS, is from a
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pyroxenitic nodule found within the a.c.n., and was collected in the 
5 ihaft area. Sample INod4 is also that of a pyroxenitic nodule within 
the a.c.n. which was collected in 4 Shaft. Sample Pxmfw is that of 
an intermittent pyroxenite layer and sample Annacn is that of an 
intermittent noritic layer, b-r-'h are found within the a.c.n.

All samples taken underground are sections collected with a 
geological hammer, samples taken from surface borehole core ^asure 
0,15m long, unless otherwise stated.

Trace elements.

'>li. trace elements including sulphur, rubidium, strontium, nickel, 
;opper and zinc were analysed by X - n y  fluorescence, using a Philips 

PW1540 vacuum X-ray spectrograph. All trace elements were estimated 
on pressed pellets of the different rock samples.

In the case of Cu, Ni, Zn, which were analysed together, two
separate runs were made and results averaged. As the peaks anc back­

grounds for each element were reed twice in each run, four readings 
were available. Cu, Ni, Zn values are given to within - 3 ppm.

-ulphur results are samiquantitative since the percentages were 
1 -ained by comparison with four standards having compositions of 0,1,
1 < 2, 0,5 ar ip per cent S respectively.

Determination of rubidium and strontium were duplicated. The 
first run waa dome using a molybdenum tube, and the second, a tungsten 

tube. Agreement in the values obtained from both runs is good between 
the standard deviation limits. Standard deviations for S were always 
smaller than 2 ppm. and for fib smaller than 1,6 ppm.

ine instrumental conditions for the determination of trace elements 
is presented in Table No.

Micaceous pipe - 1 Shaft 1 Coot Drive.

from a 1 000 modal count on two slides of the matrix it was esti­
mated that the analysis of the micaceous pipe was contaminated by at 

itfast i5 per cent, by volume, of the plagioclase-orthopyroxene cumulate. 

In this latter rock 12,25 per cent is plagiocleee aid 2,75 per cent 
orthopyroxene.
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u J.C
p  ■•* o  x y a w* I i

j3 at Pafokonp <Tahlo 33).
4^ nf orthopyroxene of composition FeSiOj 24, MgSiO 76.

From the composition of the otthop/roxene we obtain that:
0,96^ la FeSiO^

and } ,34/i is MgSiO^ which adds to 4% orthopyroxene.
Breaking the ferroaitite and enstatite molecules into oxides we
obtain:

F eSiC FeC + 510, 
MgO 4 SiO,3 --“ 2

the respective weight % of which are

132 ■ 72 * 60
and 100,4 , 40,3 4 60,1

there,oro in 0,96% FeSiO^ the weight % of oxides are as follows:
- 0,96

* X ■ 0,52 weight % FeO
l3 2 * 0,96

" X X * 0,44 weight % SiO
< he same way in 3,04 MgSiO^

X = 1,22 weight % MgO
X « 1,82 weight % SiO,

finally the composition of the 4% orthopyroxene in weight % 
of oxides is as follows:

0,52% FeO <• 1,22% MgO 4 2,26 SiO^

5% Clinopyroxenes of composition FeSiO 11, CaSiO 44, MgSiO
11 x 5 2 3

^qq ■ 0,55% FeSiO^

44 x 5 „ .
" I qT  " 2,2% CaSlO,

100 ?,25% MgSiUj

570%
Following the same routine used in
0,55% FeSiO is 0,25%

0,3%
SiO
FeO

2 ,2% CaSiOj is 1,06% CaO
1,14% Si0 2

2,25% MgSiO is 0,90%
1,35%

MgO
Sio2

)
) The composition of the 
) 5% clinopy roxene in
'i weight % of oxides is 
) 0,3% FeO, 1,06% CaO,
),. 0,90% MgO, 2,74% SiO^.
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III. 2(>% of plagioclaee of c sitlon An80 give> jb

5,2% of NaAl^Si^Og anc .u,8% of CaAlgSigOg, plus
an unknown negligible amount o f  the orthoclaea molecule. 
Following the same routine used in I and .I for the albite 

molecule we obtain:
2(NaA15i20L) = N&d 4 Al̂ O, ♦ 6Si02
weight % 518 * 62 > 102 ♦ 354 « 5x8

5,2 » 0,62% NaC{ 1,02% Al203 s 3,55% Si02 weight %

in the same way for the anorthite molecule
CaO 4 A120 3 4 Si02
56 4 102 4 118 « 276

20,8% » 4,22 CaO; 7,69% Al^D^; 8,89 Si02 weight %

From 1, II and III:
sio2

Orthopyroxeno 2,26 
Clinopyroxene 2,74 

Albite 3,55
Anorthite 8,89

MgO F eO 

1,22 0,52
0,9 0,3

CaO Na20 AlgO,

1,06

4.22
0,62 1,02 

7.69

17,44 2,12 0,82 5,28 0,62 8,71 « 3w,99.
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TABLE 5. Zn, Cu and Ni contents in layered rocks and ultra- 
mafic pegmatoids analysed from Bafokeng.

Ni/Cu
NixlOOO/ CuxlOOOO/

Zn Cu Ni Mg FeO

Nod 5 73 39 599 15,6 0,045 0,059

Nod 4 51 6 657 105,9 0,056 0,083

Pxmfw 73 17 755 44,2 0,060 0,001

Annacn 56 19 523 28,1 0,046 0,002

PPUG4 89 16 969 59,8 0,069 0,001

in MR IS 65 5822 15907 2,73 0,69 0,202
ooCl MR 284 76 2611 9424 3,6 1,13 0,362

O 722 34 6 440 68,7 0,066 0,001

1637 24 14 203 14,5 0,042 0,003
i ̂ct 163 7 5 70 15,1 0,017 0,003

126 8 9 37 4,0 0,019 0 ,LJ7

510-15 32 5 192 40,7 0,038 0,001

681 51 23 361 15,6 0,042 0,003

680 20 5 42 7,7 0,026 0,002

518 27 1 48 48,0 0,018 0,0003

553 116 235 762 3,2 0,073 0,011

553 ao 93 306 508 1,6 0,052 0,017

553 be 102 279 323 1,1 0,043 0,013

UPAMR 130 84 276 3,3 0,038 0,003

UPMR 208 245 817 3,3 0,091 0,007

CBGF 133 29 267 9,2 0,036 0,001

UPBMR 192 544 421 0,8 0,053 0,014

Average
ultramafic 143 248 435
pegmatoid
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TABLE 7 S content of ultramafic pegmatolda and layered pyroxenltea.

Sample No. S per cent

tn
C i

553be 0,45 - 0,5
oJ— 553ab 0,08
$o 553 0,1
b! UPAMR 0,06 - 0,07
u
u. UPMR 0,15
£ct CBGF 0,01 - 0,02
CCh- UP3MR 0,45
3

V)

ZT

MR IS 3
MR 284 1,25

Xo PPUG 4 0,05
CC
s Pxmfw 0,05 •

a
£

Nod 5 0,02
w>- Nod 4 0,05
«r

Analyet 3.P. Jonea.

•Winrr-rt̂-lni-
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TABLE 8. Rb/Sr analysis end gvaragesu

Gold Tube Tungsten Averages

Sample Rb Sr 
No.

sr :«b sr Hb/sr
Content 
(Ab + An)

722 4,6 305,4 5,9 310 5,2 308 0,017 63,62

1637 7,7 319 7,8 329 7,7 324 0,024 67,13

163!
9,2 411 11,7 440 10,4 425 0,024 90,18

126 3,2 416,5 4,5 453 4 435 0,009 91,94

510-15 8,0 285,5 9,5 288 8,6 287 0,030 59,26

661 , 4,4 209,7 - - - - - 51,42

680 | 4,8 349 6,7 360 5,8 354,5 0,016 86,90

518 14 436 14,4 454 14,2 445 0,032 03,61

NODS 4,0 84,3 5,5 89 4,8 86,5 0,055 21,72

N0D4 6,4 135,6 8,3 152 7,3 144 0,051 34,70

Pxmfw • 6,3 102,7 7,2 104 6,7 103 0,065 22,61

Annacn 3,3 172,4 5,1 180 4 176 0,023 37,66

PPUG4 17,7 27,3 17,7 34 17,7 33,5 0,58 11,46

MRIS 5,5 82,4 5,3 79 5,4 81 0,666 16,64

MR284 7,5 404,2 7,7 431
7 '4

417 0,018 23,36

25,09

6.32 
6,09
7.33 

3,62 

5,55 
3,43

MT)•H 553 5,5
O+> 553Ab 4,5
GCJi 553bo 4,0
a
u UPAMR 3,5
•HU-
<9

UPMR 6,4

(0u G8GF 4,1
*>
=>

UPBMR 6,0

44 5,9 122

23 5,1 30

24 3,3 26

33,0 4,8 32

16,0 3,2 17

25 5,2 26

15,0 4,3 17

5,5 133 0,041

4,8 26 0,185

3,7 25 0,148

4,1 32,5 0,126

4,8 16,5 0,290

4,6 255 0,018

5,2 16 0,325
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PHOTOGRAPHS
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ultramafic pegmatoid

Photo No. DESCRIPTION

hree sate of clinopyroxene exolution lamellae in an 

orthopyroxene host (in extinction). Observe intimate 
relationship between r v o p y r o x e n g  and clinopyroxene 
(bottom portion). X I : ,1s. 1 x 20.

Driving crystal :n rlegioclase feldspar, taken from a 
pyroxenite noduln X Nicole. 1 x 20.

Bird's eye texture in pyrrhotite within the Mereneky 'Reef

pegmatoid. Dark coloured minerals 'exfoliated' in pyrr­
hotite are silicates and an unidentified mineral.
X Nicols. 1 x 50.

Nodules, intermittent pyroxenite layers, and bottom

contact of the a.c.n. (broken line), The grey line at
the hammer-head is paint.

Circular plan section of a pyroxenite nodule, seen to the 

right of a roof bolt. Approximate diameter of roof bolt 
0,12m.

Bulging on the underside of pyroxenite a layer within the 
a.c.n. layer. The length of the scale is 0,35m.

Pyroxenite layers and coalescing nodules within the a.c.n. 
Che grey line above tne hammer is paint.

Intergrowth texture between orthopyroxene (in extinction) 

and clinopyroxene both showing exolrtion, in a pegmatitic 
lense. X Nicola. 1 x 20.

I up right anorthositic cumulate, bottom noritic cumulate.

Top left ultramafic pegmatoid. Observe the different con­
tacts produced against both cumulates. White line on top 
is paint. Approximate vertical distance 2,5m.



Photo
10

11

12

13

14

15

16

17

18

19

20 

21 

22

No. DESCRIPTION

U l t . miafic pegmatoid (dark) enclosing anorthositic 
layered rock (light coloured).

Contact a' jean ultra dfic pegmatoid (right), and plagio- 
clasu cumvsiate. X Nicola. 1 x 20.

i aar pegmatitlc augite crystals in a contact between 
ultramafic pegmatoid and layered rock.
Layering produced at a contact between ultramafic pegma­
toid (top) and an anorthositic cumulate (bottom). The 

white area aoove the hammer is an anorthositic cumulate
inclusion.

Irregularly shaped layers of feldspathic pegmatoid under­

lain by ultramafic pegmatoid. The base of the Merensky
-w*>i

'Reef forms the hanging, 287 Stops.

Irregular outline of the Merensky 'Reef' chromit<+e layer 

(between red lines), produced by the penetration under­

lying pegmatitiu feldspars, 287 Stupe.
Plagiociase-rich pegmatoid with a mafic rim, protruding 

into a noritic cumulate.
Contact between ovorlying Merensky 'Reef' and underlying 
finely crystalline phase of ultramafic pegmatoid. X Nicole
1 x 20,
Fracturing and bending of cumulate orthopyroxene groin at 

the contact of an ultramafic pegmatoid (extreme right).
X Nicola. 1 x 50.
Orthopyroxene cumulate in extinction, showing bent clea­

vages, being replaced by a fine-grained phase of ultra­
mafic pegmatoid. X Nicole. 1 x 50.
The silicates between chromite cumulus (black) have been 

replaced by olivine and serpentine. The Merensky 'Reef 

is underlian by ultramafic pegmatoid. X Nicole. 1 x 50.
Feldspathic intrusive pegmatoid. The triangular portion 
below the ruler is u pyroxenite 'remnant' of the Merensky 

'Reef . The scale is 0 ,5m long.

Ultramafic pegmatoid showing conformable relationship to 
the layering and also transgressing in a joint through 

undisturbed norite cumulate. Yellow ■ crayon. Red ■ paint 

Width of conformable ultramafic pegmatoid 0 ,4m.



DESCRIPTION
Fracturing, granulation, and bending of twine produced at 
the interface between two plagioclaee crystals in an ultra- 

mafic pogmatoid. X Nicole. 1 x 50.
Intergrown plagioclase crystals in ultremafic pegmatoid 

X Nicole. 1 x 50.
Contact between two plagioclase crystals in ultramafic 

pogmatoid. X Nicols. 1 x 50.
Granulation and rotation of portions of a plagioclase 

crystal in an ultramafic pegmatoid. X Nicols. 1 x 50. 
Glide twinning in a pegmatoid plagioclase. X Nicols.

1 x 50.
Contact between two clinopyroxene crystals, one is at 

extinction, within an ultramafic pegmatoid. X Nicols.

1 x 50.
Relationship between two clinopyroxene crystals in an 
ultramafic pegmatoid. One crystal is at extinction. The 

other is twinned. X Nicols. 1 x 50.
Undulatory extinction in a peqmatltic olivine crystal 
within an ultramafic pegmatoid. X Nicols. 1 x 50.
Olivine, centre, replacing a single crystal of ortho- 
pyroxene, both included in plagioclase. X Nicols. 1 x 50, 

Subhedral olivines within the Merensxy 'Reef. Note rims 
of orthopyroxene around the included olivine in the noi-

kilitic plagioclaee. X Nicole. 1 x 50.
Magnetite and ilmenite enclosing a silicate portion. 
Pyrrhotite has the highest reflectivity. X Nicols. 1 x 20. 

Magnetite, ilmenite and pyrrhotite In magnetitite peg­

matoid. X Nicols. 1 x 51.
Skeletal remains of ilmenite, end pyrrhotite bottom left 

corner. X Nicole. 1 x 50.
Magnetite in the margins end filling fractures within a 

single chromite cumulate of the Merensky 'Reef'. % Niccls. 

1 x 200.
Pyrrhotite crystal showing bird's eye texture in a 
magnetitite pegmatoid. Note fracture in pyrrhotite 

filled by mignetite. X Nicols. 1 x 200.



DESCRIPTION

Migration of aulphidda (light colours) included in sili­

cates which are immediately underlain by megnetitite 

pegmatoid. X Nicola. 1 x 200.
Migration of sulphides (light colours) produced by the 

introduction of magnetite (left). X Nicols. 1 x 200. 
Tonalitic-peqmatita vein which starts at the Merensky 
'Reef' bottom contact, and pinches out in its hanging- 

well.
Quartz and plagioclase in a tonal tic-pegmatite. Observe 

thin lamellae in plagioclase. X Nicols. 1 x 20.
Granitic pegmatite conformable below the Merensky 'Reef 

(area of hammer) and also transgressing it (top right). 
White lines and circle were painted for mining purposes. 
Gap produced in two pyroxenite layers by the sinking of

a nodule.
The breaking of a noritic layer to form nodule*. (The 
white lines around the nodulea are crayon, the white area 

below the compasn is a whitewashed area).
Break-up of f yroxenite layer within the a.c.n.
The black he.izontal line below the hand is paint.
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