height in the sequence. Over this same interval, the rims of the grains are more sodic than the cores
(Figure 6.C). No lithological control over the An content is noted.

Plagioclase separates range from a minimum value of An s, to a maximum of An g,. The overall
trend is one where the An content decreases with an increase height up through the stratigraphic

succession. The sample at -338m is unusually high, with an An content of 81. This is followed by a
profile, which is relatively constant to -140m, about the value An 7; .3s. Two exceptions are found at
-236m and -195m, where the respective An contents of 84 and 66 are found. These may be a result of
alteration. At -134m and above, values decrease up to 45m, where an An of 54 is found. Upward
from this point, there is a reversal in the trend to the 111m sample, which has an anorthite content of
69 before a slight drop to An 4 at 136m, the top of the sampled section.

Wt % K0

Average core values range from 0.14 - 0.23 wt % and are more constrained than the average rim

values, which have a minimum of 0.10 and a maximum of 0.28 wt %. Potassium enrichment is found

to alternate from cores to rims throughout the succession. The profile in Figure 6.C shows that the

trend is relatively constant for the entire sampled section. It indicates a very gradual increase in the
potassium concentration, from the Critical Zone up through the Main Zone, particularly in the cores.
More noticeably, between -159m and -140m the potassium concentration decreases from 0.20t0 0.14
wt %, which coincides with the lithology changing from a mottled anorthosite to gabbronorite. An
increase to 0.19 wt % occurs at -115m, where another mottled anorthosite is encountered. The

remaining samples contain values varying between 0.15 and 0.23 wt %, and do not appear to follow
this trend, making lithological control unlikely.

Minimum and maximum values for the plagioclase separates are 0.05 and 1.35 wt % K;O. For the
maiority of the Main Zone, and the few samples taken from the Critical Zone, the profile is one which

AnsyviiLy Va s svYasss AT

varies between 0 - 0.5 wt %. From -92m upwards however, the potassium profile indicates an

increase in value to the top of the Main Zone, with the sample at -9m indicating a maximum of 1.35

wt % K,O. This sample is not plotted in Figure 6.C as it would distort the profile for the remainder of

es. This variation between the two data sets is explained by the fact that the microprobe

analyses was taken from pristine plagioclase grains, whereas the XRF analyses of the plagioclase

the sampl

separates may have incorporated some K-rich feldspar which would increase the overatt wt % K:0

concentration. The samples that are taken from the Upper Zone indicate a return to a similar trend to

that of the Main Zone, varying between 0-0.5 wi % K;0.
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Core values fall between 0.08 - 0.14 wt % and rim averages span 0.10 - 0.24 wi %. The profiles for
constant throughout the Critical and Main Zones, with little variation (Figure 6.C).

relative
I.hem i._ no anmarent hﬂ'lnlnmml rantml ove r thie alamant
Spp e vase conirg: oVer als ciemenet.

Plagioclase separates have minimum and maximum values of 0.08 and 2.11 wt % FeO, respectively.
For the majority of the section they are contained within the range of 0 - 0.5 wt % FeQ. Within the
anorthosites of the Merensky and Bastard Cyclic Units, the wt % FeO concentration increases to 0.83
wt % FeO. This drops back down to an average of 0.40 wt % within the gabbronorite of the Main
Zone. A further increase in FeO concentration occurs directly below the boundary between the Main
and Upper Zones. From -36m to -19m, the FeO concentration increases from 0.24 to 1.30 wt %,
which marks the beginning of more widely fluctuating values that continue into the Upper Zone. The
Upper Zone values range from 0.47 - 2.11 wt % FeO, and indicate a general upwards increase, which
may be ascribed to small inclusions of magnetite enclosed within the plagioclase, although no

ticul 1 is defined

6.1.1.4: D1 Summary

Many of the significant differences in the concentration of the major and minor elements in the
minerals described above, occur across the interval between -159m and -140m. Both the
clinopyroxene and the orthopyroxene in the Main Zone vary similarly, although the average

clinopyroxene cores are richer in magnesian, titanium, aluminium and chromium than the
orthopyroxenes at the corresponding depths.

Magnesium is found in the greatest amounts in the cores of the clinopyroxene and orthopyroxenes
within the more mafic units, and in the lowest quantities in the anorthosites. Although both
pyroxenes indicate a similar trend, orthopyroxene contain less magnesium than clinopyroxene for
both cores and rims, which differ by approximately 10% and 12%, respectively.

Titanium concentration does not appear to vary throughout the succession, as there is a wide spread of
data, which obscures any systematlc trends, nor does it appear to be controlled by lithology. The

Lithological control is apparent only for pyroxene cores. Within anorthosites, clinopyroxene cores are

enriched with chromium, but in more mafic units they are depieted. The opposite is true for the
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orthopyroxene cores within the same anorthositic and mafic units. Overall, orthopyroxene contains
less chromium, but shows little variation throughout the sampled section. However, the chromium
concentration within the clinopyroxenes decreases upwards.

The composition of plagioclase grains, with respect to the major and minor elements, is not dictated

by the lithology, as both minimum and maximum values occur within both anorthosites and

gabbronorites.

6.1.1.5: Wo-En-Fs Ternary Systems

Core data for clinopyroxene-orthopyroxene pairs are plotted with tie lines on the ternary plot Wo-En-
Fs. The isotherms at OKbar are calculated for the pyroxene quadrilateral, as in Figure 6.D. These

indi ious i i Xene - oxene solvus (Davidson and Lindsley,

1989) and subsequently the temperatures at which the clinopyroxenes and orthopyroxenes within D1
equilibrated. These temperatures range between 600° and 850° at 0Kbar for the clinopyroxene, and
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Figure 6.A Electron microprobe analyses of clinopyroxene cores and rims from samples in D1. The
Mg content, wt % TiO,, Al,O; and Cr,0; are plotted against the stratigraphic column and depth
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Figure 6 B Electron microprobe analyses of orthopyroxene cores and rims from samples in D1. The
En content, wt % TiO,, Al,O; and Cr,0; are plotted against the stratigraphic column and depth
relative to the MZ/UZ boundary, which includes the positions of the Merensky Reef (MR) and the
Bastard Reef (BR).
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Figure 6.D D1 clinopyroxene and orthopyroxene pairs plotted with isotherms calcul
after Davidson and Lindlsey (1989).
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6.1.2: Borehole D2

Samples were taken at intervals of 10m to 36m from a depth of -148m within the MZ to 111m above
the MZ/UZ boundary. A total of 177 points were analysed. Average values are available in Figures
6.E t0 6.G and summarised in Tables 6.vi - 6.viii. A complete data set is provided in Appendix 4, p

i1 - Ixiii
422 T AAXx,

6.1.2.1: Clinopyroxene
Mg #

Values for cores and rims are very similar throughout the sampled succession, with an Mg # range of

within the cores does not vary outside the values of 72 - 74. The range of values widens within the

UZ from 4m, as the Mg # drops to between 65 - 73. Values indicate that the Mg number in the U Upper

composed lithological units, lithological control cannot be determined.

Wt % TiO,

The titanium concentration is greater in the cores for the majority of samples and values are spread
over a wider range than for rims. Minimum-maximum values for the core and rim are 0.07 - 0.48 wt

% and 0.10 - 0.32 wt %, respectively (Figure 6.E). From the depth of -143m to 14m, values increase

with an increase in height in the succession for both cores and rims, from 0.15 - 0.48 and from 0.22 -
i . Samples above this, from 14m to 111m, indicate

an overall depletion, coinciding with the appearance of magnetite in the lithological succession.

Wt % AL,O,

core value is 0.90 wt % compared with that of 1.14 wt % for the rims. The maximum
—ver oreater than that of the rims with a value of 1.93 wt % compared with 1.80 wt %,

average :5 hGWC VCI, Bitaii wias

Minor fluctuations occur throughout the sequence (Figure 6.E), but overall, the aluminium

concentration of the cores is higher. From -148m to 4m above the MZ/UZ boundary, there is 3
17241 1 ‘)4".'101/‘_'&“&‘_1“'5

gmdualdecreasefromlﬂtol48w1/ammewmamuumx 73t0 1.2 fim
by 0.45 to 1.93 for

Between 4m and 14m, a sharp increase in the wt % is noted where values rise
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cores and by 0.48 to 1.72 for rims. Above this, core and rim values indicate a gradual depletion of
aluminium to the top of the sampled succession.

Wt % Cr,0,

Core values fall between 0 and 0.12 wt %, compared to rim values, which lie between 0.01 - 0.07 wt
%. The minimum and maximum values vary erratically throughout the sequence, but the profile
shows that there is a relatively constant chromium concentration throughout the Main and Upper

Zones (Figure 6.E).

6.1.2.2: Orthopyroxcl;e

En Content

.
G IRAXIMUMS 01

En 55 and En 5, respectively, and a shared maximum of En 0. From -76m to ~22m, within the MZ,

rann L& nnd TN and ic ralativalv conctant (Fioure 8 F) A charn dran fenm
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-
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the En content varies between 65 and 70 and is
En & to En 55 occurs between -22m and 14m within a gabbronorite sequence. This coincides with the
first appearance of inverted pigeonite, which replaces primary orthopyroxene. Above 14m, the En

content fluctuates between 59 - 61, forming a second relatively consiant profiie, except for a rim value

of En 5; at the depth of 39m.

Wt % TiO,

The minimum titanium concentration for the core and rim are 0.09 and 0.06 wt %, respectively, with
both attaining maximum values of 0.23 wt %. The overall trend throughout the sequence, from the
base of the sampled section at -76m up to 62m above the MZ/UZ boundary, is one of depletion (Figure

6.F). A reversal occurs within the interval from 62m to the uppermost sample at 111m, with an
increase fram 0 17 to 0.23 for cores. Rim values also increase from 0.06 to 0.23 wt %, with height

Ve a2 IR

'y
FASWAVIAUW ALVAMA V. i4e W

from 89m to the top.

Wt % AlL,O,

The aluminium concentration for both cores and rims span 0.63 - 2.16 wt % Al,Us. The maximum
value, at the top of the sampled sequence, coincides with the greatest titanium at the same depth of
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11im, taken from a magnetite-rich leucogabbronorite. The majority of samples, however, fluctuate
between a narrower range of values, with a maximum of 1.26 wt % Al,O,, which has produced a
relatively constant profile from -148m to 89m (Figure 6.F).

Wt % Cr20;

Chromium concentration values are very low, and are probably at the detection limit of the machine.
The values range between 0 - 0.04 wt % throughout the sampled sequence for both cores and rims,
thus a constant profile has resulted for both the MZ and UZ (Figure 6.F).

6.1.2.3: Plagioclase

An Content

The maximum values for anorthite content for plagioclase cores and rims, found at the depth of -76m,
are 75 and 74, respectively. Four samples from -148m up to, and including, -76m gives values that
indicate a very gradual increase in An content from 68 to 74. Above, a sample taken from -62m, with
a value of 71, marks a downward trend to a depth of 111m, as the plagioclase becomes more sodic.
Cores and rims attain values of 50 (Figure 6.G).

Wt % K;0

The profile shows an increasing potassium concentration from the base to the top of the sampled

ction-for both cores and rims (Figure 6.G _ores tend to contain larger amounts of potassium than
the corresponding rims throughout the succession. They also have a slightly wider range of values,
which lie between 0.15 - 0.37 wt % compared to 0.14 - 0.33 wt % for rims.

Wt % FeO

Y e mminanmbeantinn variae littla hatuwoean caree and rime whirh haw, Aifforanca Af N N1 0/ i tha:
1 D€ 1011 COLICCIIUIGLIVIL VALIIVS sy UVeTy Vv Wi we H Vv.Vi /0

respective minimum and maximum values. The lowest value for both comes from the uppermost
sample at 111m, with 0.19 for cores and 0.18 for rims. However, the remaining samples have values
which fluctuate between 0.23 and 0.39 wt for cores, and between 0.25 - 0.40 wt % for rims. The FeO

concentration shows a relatively constant profile through the Main and Upper Zones (Figure 6.G).
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6.1.2.4: D2 Summary

The profiles of the element concentration within clinopyroxene and orthopyroxene grains are
reasonably constant in the MZ, but in the UZ there is a decreasing trend which is consistent with

normal fractionation. This is true for the enstatite and magnesium concentrations. The phase change

from primary orthopyroxene to inverted pigeonite occurs at En ¢s. Orthopyroxenes appear to contain
less enstatite than the clinopyroxenes, but the values obtained for the Mg # showed little difference
between the two. Although the aluminium concentration is almost similar for clinopyroxenes and
orthopyroxenes, and concentrations of the element vary little, within either the cores or rims, the
orthopyroxene generally contain lower quantities throughout the sampled section. The same pattern is
apparent for chromium concentration, which varies little for either of the pyroxenes up through the
succession. Again, the trend is similar for both, but the clinopyroxenes contain slightly higher
concentrations of the element, which is also the case for titanium. Initially, the clinopyroxenes show

an increase in titanium concentration, but a reversal occurs further up the MZ and continues through
the UZ. Within the corresponding clinopyroxene cores, the profile of depletion with height, from the

g

attributed to the greater affinity titanium has with magnetite. From the first appearance of magnetite,

~f sitnmitien nnsntainad arithin tha meravanae dasrancae Nhae thne thia 1 1 ~
u1c quauuty vl ulaluu.l VULILGIIIUAL VY ALARAAR SRIN p]lvnvuwo UWLVIVEOVS, LIV Wiall add, auion Al

control is not evident as the samples are from a similar rock type, i.e. gabbronorite.

6.1.2.5: Wo-En-Fs Ternary Systems

Data are plotted for the clinopyroxene and orthopyroxene pairs, with isotherms calculated for 0Kbar
in Figures 6.H, after Davidson and Lindsley (1989). These indicate the approximate temperatures at
which the minerals re-equilibrated. The temperatures range from 600° to 1000° for both pyroxenes at

this pressure.
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Figure 6 F Electron microprobe analyses of orthopyroxene cores and rims from D2. The En content,
i strati ic log and depth relative to the MZ/UZ

w607'0
En#

[1)
4

boundary.

61



;
X
i
i
;

g

mfﬁ‘l]:"ﬁmmi

£ %

B x
— PR »

) a0 R 800 025 050 i 05
At Wt % K20 Wt % FeO

Figure 6.G Electron microprobe analyses of plagioclase cores and rims from D2. The An content,
wt % K,O and FeO are plotted against the stratigraphic log and depth relative to the MZ/UZ

boundary.
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6.2: Magnetite Separates
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in the Upper Zone, along with samples collected from ground surface matenal at various locations on
the flank of the Phosiri Dome. A coarse fraction, i.e. greater than 125um, was initially crushed in a
mill. A hand held magnet was then passed over the sample, to remove the magnetite and associated
ilmenite, from other impurities. A second crushing reduced this fraction to less than 75um before it
was made into briquettes for analysis. The wt % TiO,, wt % V20s and Cr ppm concentrations were
analysed, using the XRF Trace element reduction program at facilities provided by the Geology
Department at the University of the Witwatersrand. The full data is presented in Table 6.ix. Table

_ 6.xcontains data that were collected from surface samples, and provide a qualitative record of the

titanium and vanadium concentrations found in the surface magnetites, which are analogous to those

ound at the base of the Upper Zone.

Wt % TiO,

Three samples, taken from 106m, 152m and 177m within magnetite layers above the base o

171 o=t O/
11 t

Upper Zone, indicate an increase in the titanium concentration from 11.
upwards through the sequence (Figure 6.I). The samples above 336m reveal an overall decreasing
1 mn TS, mnmnmﬁen is 1

> i AR R tha
trend from 12.76 to 10.36, with one exception at 423Mm, WISTT thc &1L LIRS

o

ST Ve

ecreace in the vanadium concentration of the magnetite layers is evident from the values for the

e m;;:v:r;;;t“samples (Figure 6.D). Between 106m and 177m, the wt % V;05 decreases from 2.17
to 1.49. where it remains about this value for the remainder of the samples to 432m, with one

exception of 1.92 at 428m.

Cr ppm

s contain less than 1300 ppm of chromium. A single sample, from the base
The majority of the sampie: taau

ion and at a height of 106m, contains 3193 ppm. Four samples, at depths of 177m,

of the sampled



373m, 385m and 397m contain either no detectable amount of chromium or a negligible amount. No
clear trend can be discerned for the chromium concentration in these magnetite layers (Figure 6.1).

Table 6.ix D2 Borehole magnetite layers samples, where depth (m) is relative to the MZ/UZ

boundary
Semple# — EU30 EUJ7 EUZ7 EU3J3 EU26 EU29 EU31 EU38  EU-28 EU35 EU32
Depth* a2 a8 3g7 s 373 365 347 336 177 152 106
TiO, 11.34 14.834 10.36 11.01 11.80 11.53 12.76 1N 13.81 12.87 1111
VO, 155 192 144 150 150 148 148 152 149 193 217
Cr xe8 am 1] 0 9 843 1082 217 27 1285 3193
Table 6.x Ground surface samples taken from the flanks of the Phosiri Dome
Sampie ¥ S0 EUT2  EUT3 EU74 EU7S EU-76 EU-T7  EU-101 EU-102
TiO, 1190 1270 1320 1260 1180 1130 680 1220  13.80
V04 173 163 129 172 162 169 088 0% 071
Cr 3904 2003 2710 204 19 2182 990 1830 214
B R ] L4 B
- ) [ ] ,
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igure 6.
plotted against the stratigraphic

represented as horizontal dashed

column and depth relative to the MZ/UZ. Magnetite layers are

68



6.2.2: Comparisons of Magnetite Layers from the Eastern Limb with Samples taken from the
Phosiri Dome.

vanadium concentration of the individual seams and fall into four groups. The first and lowermost
group contain a V,Os concentration of 2.0 - 2.3 wt % and is represented by the first three layers above
the base of the Upper Zone, Lower Layers 1 - 3. The second group includes the Main Magnetite
Layer (MML) and seven individual layers (Magnetite Layers 1-7), situated above the MML, with

QL A thisd avariee af maanatis, evalanan IO 1A e N o
OU, A Ul pruupy Ui ulasncuw, numocica o - 1" wnuun U 0 u.0

e dicecer Ansmanmbentiacen ~F 1 & 1
AIIGUUULIL VUINAVIIUAMVID VUL 1.7 " 1.

wt % vanadium. The fourth and final group of magnetite layers, 15 - 21, have 0.2 - 0.3 wt % V,Os
concentration. Overall, there is a decreasing vanadium concentration upwards through the succession
(Groeneveld, 1970; Molyneux, 1970).

Molyneux (1970) notes that below each of the magnetite layers, there is a substantial amount of

anorthosite, forming footwalls. The contact between the magnetite layers and their respective
footwalls are normally sharp, but the upper contact with their hangingwalls are typically graded
(Molyneux, 1970). In D2, however, some of the magnetite layers have sharp contacts with the
lithologies that form both the footwall and the hangingwall, for example at 166.16m and 412.50m.
Throughout the typical Upper Zone, the magnetite concentration is greater than 5%, and commonly
associated with lithologies that contain more clinopyroxene than orthopyroxene (Groeneveld, 1970).

the surface. The coloured areas on the graph are the subzone divisions as used by Klemm e al.
(1985a). Therefore, Subzones A and B correspond to Subzone A in the classification by SACS

and therefore the cyclicity between the groups of magnetite layers (Klemm et al., 1985a). They

rmnisntnin that tha sunlicity renroscante tha norindic cnllance of the conlad and mastialley remretallicad sanf
MALGgin uiay uiv VI VIVALY AVAWOVALS WV PVAAVMLY VVAIGIAOY Vi WiV VWWVIVM GLU paluaily Vi Y taLudid 100X

rocks, into the convecting magma below and their subsequent entrainment. Klemm ef al. (1985a)
also interpret the lower vanadium concentration in the magnetite layers of the Upper Zone to be
indicative of higher /O, conditions within the magma during crystaliisation, based on the observations
of Irving (1978).

When the vanadium concentration of the magnetite samples is compared with the typical values, the
samples located at the height of 106m and 152m, correspond with the magnetite layers that are
located stratigraphically below the Main Magnetite Layer. The MML is therefore assessed to be

between 152m and 177m from the borehole log of D2. The remaining samples all correspond with
the magnetite layers found within Subzone A, above the MML, although the Magnetite Layers 1 - 7

are not fully represented within this profile.



SN\ /\/\/\/\/\
AVAVAVAVAVAS

L Y AV4 Y A4 AV4 AV4 AV4 X 3
yANEEY A\ A A\ A A AN AN AN
/NN NN NN NN NN

V205 x 10 50 Cr203x 10
Figure 6. TiO, - V,0;s - Cr,0; ternary plot of magnetites within D2 and on surface, with solid blue

symbols representing the magnetite layers within D2. The subzones here are A, B and C, as referred
to by Klemm et al. (1985).
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6.3: Comparison of Mineral Analyses and the Typical Sequence of the Eastern Bushveld
Complex

Mitchell (1990), using electron microprobe data, derived values for the En and An contents, from the
top of the Bastard Reef to the top of the MZ, which confirmed the optically-derived values of Von

ruenewaldt (1973) and .
6.K, and illustrate the typical sequence of the Complex. A normal fractionation trend is indicated for
the MZ. However, Mitchell (1990) highiighted some exceptions: sharp breaks occur at the top
Main Mottled Anorthosite (MMA), where the En number increases from Ens, to Eny; and at the top
of the Upper Mottled Anorthosite (UMA), where there is a change from intercumulus to cumulus
pyroxene. The corresponding An of the plagioclase for this lower interval, Subzone A, remains

relatively constant between average values of An es.71 (Von Gruenewaldt, 1973; Molyneux, 1974,
Mitchell, 1990).

Research by Mitchell (1990) and Cawthorn ef al. (1991) found that Subzone B is represented by a
e P enite Marker. The En number of the pyroxenes

varies between 59 - 65 and the An number of the plagioclase is 59 - 61. The Pyroxenite Marker is

represented by a sharp break in the geochemical parameters, where the En number of the pyroxene

lwy]m
increases sharply from 60 - 71 and the plagioclase An increases from 60 - 74 (Mitchell, 1990).
Cawthorn ef al. (1991) also describe a normal fractionation trend to 188m below the Pyroxenite

Marker within hich An number decreases from 67 to 58. A sharp jump to An 4, is found directly
wil A/

above this marker, coinciding with the other comparative data. The En number of the pyroxenes also

indicates a normal differentiation trend, with a1 reversal occurring above the marker.

Boreholes D1 and D2 rcvealsimilartrendSWithrespecttomchotherbut, when compared to the
alsnve T3] Nacelaicaion o thia Antn Punoen

typical sequence, it would appear that D2 lies stratigraphically above D1. Combining the data from

thctwoMmanmcomplmsequenceofthe typical Main and Upper Zones of the typical Bushveld

Complex. This interpretation is supported by the presence of more obvious layers such as the
Merensky Reef and the Giant Mottled Anorthosite in borehole D1, which are missing from borehole
D2. As samples above thcboundarybetwwntheMainandUpperZones in D1 were not analysed by

the electron micronrobe, direct correlations for the Upper Zone could not be made here.

LU LY Gk

Based on the analysis of the petrographic evidence presented in Section 5.1, a review of the

therefore implies that the D1 Main Zone is likely to be represented solely by Subzone A
mineralogy

whereas the D2 Main Zone belongs entirely to Subzone C alone. Further confirmation of Subzone

A’s sole presence in D1 is shown by a decrease in the Cr,0; in both clinopyroxene and orthopyroxene
in the western Bushveld Complex at a similar stratigraphic height (Mitchell, 1990). Neither D1 nor

D2 show any breaks in the geochemical profiles that are symptomatic of the magma influx at the
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Pyroxenite Marker, as described by Von Gruenewaldt (1973), Molyneux (1974), Mitchell (1990) and
Cawthorn et al. (1991). Moreover, the boreholes do not correlate with the petrographic observations
for this portion of the Main Zone, i.e. the mineral phase change from inverted pigeonite to
orthopyroxene.

The shaded boxes shown in Figure 6.K are the areas on the expected profile, outlined by Von
Gruenewaldt (1973), Molyneux (1974) and Mitchell (1990), that most closely correlate with the D1
and D2 trends, as portrayed in Figures 6.A to 6.C and 6.E t0 6.G. The width of each of the four
shaded areas is defined by the minimum and maximum values of borecore data from the cumulus

nvroxenes and nlagioclace in D1 and D2 The height of each area is determined bv the mmt of

FPJAVAVAIVG Giine paspivw: ardm. 2250 BNSGSN0 R BARAL ORE T RS

overlap of D1 and D2 with the data from the more typical sequence.

ol ~

For D1, the En number and Mg number, determined for the orthopyroxene and clinopyroxene,
respectively, and the An number, from plagioclase analyses, display a similar trend when compared

o exmda hccenceae that tha haiaht aftha chadad aean avtacmd.

with Subzone A of the Main Zone. Itis nuwu, HOWeVeT, uiat wid Adighnt O Ui SnaGly area exiendas

upwards into Subzone B, which conflicts with the evidence determined by petrographic observations.
If Subzone B were present in D1, inverted pigeonite would be expected to occur within the sequence
(Von Gruenewaldt, 1973; Molyneux, 1974). This clearly is not the case, indicating that either the
samples in D1 come from some other portion of the Main Zone, i.e. Subzone C or, that the change to
inverted pigeonite may have occurred at a different En number. Inversion of pigeonite might not
occur if there was a higher water number in the magma, which would reduce the temperature of

crystallisation (Cawthorn, 1999 pers. comm.)

The Pyroxenite Marker is characterised by geochemical breaks in the sequence between Subzones B
and C (see Chapter 2). It is presumed, as shown in Figure 6.L, that Subzone B is absent from both

eliminating the data collated for Subzone B from Von Gruenewaldt (1973), Molyneux (1974) and

Mitchell (1990), there is no noticeable geochemical reversal in the An content and a continuation in
Miicnei (15%U), eI IS GO UGS 5v°

the apparent differentiation trend is seen across the boundary between the juxtaposed subzones.
Similarly, there appears to be a continuation in the apparent differentiation trend for the En content,

ennd YXnee,. ¢ 2o laalinerad ¢hnd nele. sl
t 1D UNVIAVYAL Lual uu.ly e

s 1

although the spread of data at the base of Subzone C is great. However,
upper half of Subzone C is present, and the removal of the lower portion would result in a normal

differentiation profile, particularly in the data from Molyneux (1974).
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7: WHOLE ROCK XRF GEOCHEMISTRY

The data described in this section were acquired by XRF spectrometry, at the Geology Department at
the University of the Witwatersrand, for both D1 and D2 borcholes. BHP Minerals performed

deviations for all elements commonly analysed by XRF normally lie in the range from 0.01 - 0.73 wt
% and the average % error is between 0.4 - 11.2. A full description of each of the standards used for
the calibration of the PW 1400 XRFS, and the standard deviations for elements are found in Appendix
5. The Cross, Iddings, Pirsson and Washington (CIPW) norm was computed within the MinPet

eele maed B iaos Sasmae mman e d e din 4L o
11V

software program, which recaicuiaies the ferric and ferrous iroii Concent , acCO!
method of Irvine and Barager (1971). Not all samples analysed in this section have corresponding

o o
aing (o to

thin sections.

7.1: Borehole D1

Sixty-nine samples, extracted from the borecore, at intervals of up to 10m apart, were analysed. They

derive from lithologies between the depths of -379m to -19m in the Main and Critical Zones of the

Bushveld mafic sequence. Figures 7.A, 7.B and 7.C show the Mg # [Mg/(Mg+Fe)*100], wt % TiO;,
wt % ALO;, Sr and Zr ppm and wt % K,O average values and the interelement ratios Cr/Co, Co/V,

Cr/V and Sr/AL,O;. A representative selection of the XRF analysis is presented in Table 7.i at the end
of this section. A full set of data is included within Appendix 6, p Ixvi - Ixx.

Af_u
vig #

The samples range between Mg # 56 and Mg # 81. From the base of the sampled section, the first five

polda cxtdhion dhha U7 nend ta a Aamile o £2 0ne
-’J

samples encountered are from a single feidspathic pyroxemniic within the ClZ and, to a depth of -353m
within this unit, the Mg # retains a relatively constant value about 80, as shown in Figure 7.A. At

-349m, the Mg # drops to 74, but directly above values return to between Mg # 77 - 80 and do not
significantly vary up to a depth of -274m.

Where the leucocratic units occur above -269m upwards, the Mg # dips siightiy from 70 to 68. This is
-236m, but within a mottled anorthosite. Otherwise the Mg # remains relatively constant

repeated at
-197m, samples from a single layer of mottled

around Mg # 79 until -228m. From -227mup to

hosi ides-a wide range of values between Mg # 56 - 70. The higher values are found closer

to the base of the layer, while the lowest value occurs at the top. Norites with Mg # values between 70
ha derth of -195m to -190m, separate this anorthosite from the Giant Mottled Anorthosite
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