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3.3. Silicate Mineralogy

3.3.1. Albitized Intrusions

The three albitized intrusions studied have broadly similar silicate mineralogy, although .
differences occur as a result of the degree of albitization within the intrusions. The
degree of albitization may vary greatly within a single intrusion, especially in the
Discovery Shaft intrusion. On average, the Minerva Mine intrusion is the least altered
and contains moderately altered mafic minerals, including primary biotite and

hornblende, with only minor albite replacement. The Discovery Shaft intrusion contains
only remnant mafic minerals, with the alkali feldspars being partially replaced by albite.
The Malati Store intrusion exhibits the greatest degree of albitization, where the

mineralogy is dominated by replacement albite.

The unaltered Willie pluton consists of a mosaic of approximately equal amounts of
equigranular orthoclase, plagioclase and quartz with minor microcline. Large porphyritic

cquigramnuiar oruiitiase, Saotiast 418

orthoclase crystals occur and commonly show internal zoning as well as inclusions of
albite, quartz and muscovite. Microperthite, as well as granophyric textures, occur within
the alkali feldspars. Minor amounts of hornblende, biotite, magnetite and sericite also
occur. Minor sericitization and kaolinitization of the alkali feldspars has occurred and,

—_occasionally, small amounts of replacement albite are observed as a fine rim of albite

around the alkali feldspars. The biotite and hornblende show minor chloritization. There
is li r no indication of major hydrothermal activity occurring within the Willie pluton.

tfl

in the Willie pluton, are considered to represent ordinary late deuteric effects which are

not related to albitization.

Within the albitized intrusions, biotite and hornblende destruction occurred early in the

hydrothermal history, being replaced by chlorite, carbonate and minor irregular epidote.
The intense chloritization of mafic minerals results in the exsolution of fine rutile

aggregates occurs a ong 10
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The initial stages of albitization resulted in the replacement of alkali feldspars by

intergrowth and the growth of large albite laths, at the expense of feldspars and quartz.

The irregular quartz precipitated during the early alteration was also replaced by albite.

ligoclase) was also gradually corroded and replaced by laths of
albite and carbonate (Plate 3.17), initially along cleavage planes.

Magmatic plagioclase (o

in highly irregular grain

boundaries between the albite, orthoclase and quartz. The replacement alb

The replacement of the alkali feldspar by albite results

te often

i

contains irregular remnant cores of orthoclase and quartz in optical continuity (Plate 3.18

lar and intergrown with

irregu

are initially highly

remnant orthoclase, quartz and exsolved quartz, but become more euhedral with greater

grains

and Figure 3.1). The albite

degrees of replacement.

-

0



Plate 3.17. The replacement of oligoclase by albite (alb) and carbonate.

Discovery Shaft intrusion. (X100).

Plate 3.18. The replacement of orthoclase (ort) by albite (alb).
Discovery Shaft intrusion. (X100).

Plate 3.19. Albitite consisting of an irregular intergrowth of albite.

Ferroan-dolomite occurs along grain boundaries and stress cracks.

Opaque mineral is pyrite. Malati Store intrusion. (X100).
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Figure 3.1. Replacement albite containing orthoclase remnants,
in optical continuity. The orthoclase contains numerous
sericite grains which are also replaced by albite.

The albite contains highly irregular and inconsistently orientated twinning and commonly
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results in the development of irregular, corroded magmatic quartz grains. The corrosion
begins along joint boundaries, with the quartz being replaced by albite and, occasionally,
carbonate (Plate 3.20). This indicates that the fluids involved in the alteration were
undersaturated with respect to silica at specific stages of the post-magmatic history. The
replacement of the irregular quartz, exsolved during albite replacement of orthoclase,
results in a fine albite-quartz intergrowth. Occasionally, the secondary albite contains
numerous, irregular quartz inclusions, to form a symplectic-like texture. In portions of
the Malati intrusion complete removal and replacement of quartz has occurred, resulting
in virtually monomineralic albite. The resulting texture comprises a mass of interlocking
albite laths which have irregular grain boundaries (Plate 3.21), with minor amounts of

interstitial carbonate and sulphides.

(o 4]
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Plate 3.20. Replacement of magmatic quartz by albite, showing remnant
quartz in optical continuity. Discovery Shaft intrusion. (X200)

Plate 3.21. Albitite composed of >95% albite, with minor
carbonate and sulphides. Malati Store intrusion. (X100)

Plate 3.22. Late actinolite growth. Opaque mineral is fine
pyrite films along stress cracks and grain boundaries.

Discovery Shaft intrusion. (X100)
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Only rarely does the replacement albite show evidence of post-crystallization stress
although fine fractures related to the brecciation event do occur and are filled with late
quartz, carbonate or pyrite. The remnant magmatic quartz and feldspars commonly show
extreme undulose extinction and the plagioclase may exhibit deformed twin lamellae.

5
£

The approximate composition of the replacement albite is estimated to be Aby

ncin f‘\‘ NMMishal T acvar ctats
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oligoclase (Ab,,).

Staining techniques did not reveal the presence of paragonite, or any of its low
temperature breakdown products. The Na,0-Al,0,-Si0,-H,O stability curves, indicate
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Carbonate is a ubiquitous mineral and was precipitated over a large portion of the
alteration history, occurring both as an early euhedral phase within sulphide and as a late
anhedral phase along grain boundaries and cracks. The late carbonate replaces both
albite and residual quartz along grain boundaries and cracks. Staining techniques, using
alizarin red S and potassium ferricyanide, indicate that the carbonate is predominantly

ferroan-dolomite. Small amounts of calcite occur as late, cross-cutting veinlets within the
sheared intrusion contacts. Purple fluorite occurs as fine cubic crystals in late veins,

associated with quartz sericite veins. Biotite, in contact with fluorite, shows radiogenic
damage. Other accessory minerals in the intrusions include apatite, monazite, epidote,
zircon and beryl. Beryl is common, as small, euhedral, randomly orientated crystals
within the albite matrix. Occasional large, irregular blows of quartz with fine grained
beryl and scheelite occur within the albitites.

The chlorite content of the intrusions is variable, ranging from trace to zones of

which with increased albitization and desilicification, is replaced by fine grained

et P

carbonate, epidote and albite. Late hydrothermal growth of chlorite is associated with
the late sericite alteration, commonly occurring as fine quartz-chlorite veins. The sheared
contact of the Discovery Shaft intrusion contains a high proportion of orientated chlorite.

The quartz stockwork of the intrusions is paragenetically late

€ an
£ nl cbma ke alteration seqguence. This final stage resu 1lted in intence nervacive and
final stage of the alteration sequence. inis iina: stage résuiied 1n miense, pervasive and

vein-related silicification which is manifested as quartz rims developed around relic

Ly, | waine N
Y.

quartz grains albite and as fine irregular veins. I
micro-fracturing of the albite grains commonly along cleavage planes. These cracks are
usually filled with quartz and, occasionally, carbonate. The quartz stockwork occurs as
an equigranular mosaic with only minor carbonate and sericite developed along grain
in the Discovery Shaft intrusion and to a lessor extent in

or late potassic alteration over-printing the early sodium

| dhaninid 4auivil 1Ly

boundaries. There is evidence

metasomatism. This resulted in the development of sericite, biotite and the replacement
of albite along grain boundaries by highly irregular alkali feldspar. Late, fine-grained
muscovite-quartz + chlorite veins cross cut the intrusions. Small amounts of actinolite
occur as radiating crystals within the Discovery Shaft intrusion, commonly along the

_ sheared contact (Plate 3.22). Biotite along the sheared contact of the intrusion overgrows
the hydrothermal albite as well as the actinolite.
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3.4. Discovery Shaft Ore Zone

The ore zone at Discovery Shaft consists of discontinuous lenses of pyrite-pyrrhotite and
magnetite with minor amounts of chalcopyrite, molybdemte stibnite and rare cinnabar.

e pyrrhotite-rich zones show
1ncludmg the magnetite and, apparently, replacing it in many cases (Plate 3 23) The
granular pyrrhotite has a well developed cleavage (Plate 3.24 ). Pyrrhotite and pyrite
exhibit complex textural relationships suggestive of fluctuating sulphur contents and / or
fO, of the mineralizing fluid. The magnetite layers consist of fine (< 50 pm), irregular
to rounded grains which rarely show internal structure or exsolution of other Fe-Ti

phases. Occasionally, grains contain exsoluuon lamellae (Plate 3.25). The small size of

the lamellae prevents positive identifica ion, but they are likely to be ilmenite or
haematite, however no haematite w posmvely identified in the ore zone.

Pyrite is the dominant sulphide within the ore zone and occurs as large (up to 3 mm)
anhedral to subhedral grains, commonly with an inclusion rich core. NAA indicates that

~ the pyrite is auriferous and may contain either submicroscopic gold or dissolved gold.

Liberation in hydrofluoric acid indicates that the grain morphology is distinctly different

from that of the intrusions and consists of un-striated cubic forms with only occasional

octahedral modifications. The grains may be elongated with attenuated edges and are
occasionally shattered. The elongation direction is’ usually sub-parallel to the fabric of

L L SR PR T

the rock. There appears to be at least three phases of pyrite mineralization. An early
diagenetic metamorphic phase followed by a dominant euhedral phase containing
_ numerous inclusion including gold and, a late inclusion free anhedral phase. Staining of

the pyrites by acidified KMnO, generally indicates that they are internally structureless

which does not support fluctuations in the sulphur content of the fluid. The staining also

indicates that the pyrites are generally of 1
e-rich zones is usually sharp and not suggestive of

ow arsenic content. The contact between

pyrite-rich layers and magnetit
magnetite replacement by pyrite.
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Plate 3.23. Magnetite apparently being replaced by pyrrhotite.
Discovery Shaft ore zone. (X200).

Plate 3.24. Granular pyrrhotite grain showing well-devel

Sl SlIUWL

Discovery Shaft ore zone (X200).

o N, PSR

Plate 3.25.

E
Discovery Shaft ore zone. (X500).

uhedral magnetite grain showing exsolution of a unidentified mineral.
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chalcopyrite occurs within the pyrite rich zones. The

relationship between the pyrite and pyrrhotite rich zones is PYRITE
not clear. There may be a decrease in Dvrl‘hotlte away from

ie & ~ 2aan)

the intrusion contact. Gold as noted, is predominantly

associated with pyrite, commeonly within the inclusion rich

core of the euhedral pyrite as small ellipsoid inclusions.
However there is evidence of minor fracture-filling gold
along cracks within shattered pyrites especially in severely

sheared zones (Figure 3.3).

Figure 3.3. Fracture filling in shattered pyrite.
Discovery Shaft ore zone. 11-Level

This euhedral phase is overgrown by a late euhedral, relatively inclusion-free phase.

_______ AL tha nurita oraine and the

Later stress has resulted in the deformation and shattering of the pyrite grains and the
development of quartz pressure shadows. The quartz-rich layers are commonly sheared
and folded. Other minerals observed in the ore zone include molybdemte, cinnabar,

. stibnite, arsenopyrite, beryl, fluorite and tetrahedrite.

ne consists of banded,

ft ore z

The silicate assemblage in the Discovery Shait ©
talc-chlorite-actinolite, with minor biotite- and quartz-rich layers. This crude layering is

commonly folded and is defined by discontinuous quartz, magnetite lenses and the
segregation of actinolite, talc and chlorite. This distinct mineralogical layering may
reflects a primary mineralogical layering in the original host rock. The actinolite is often

“r-
replaced by late ; ; iotite and sericite

the actinolite-chlorite assemblage, again indicating late potassic

assemblage overgrows
alteration.
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3.5. Conclusions

The mineralogy of the intrusions examined is consistent with the notion that the
albite-rich bodies (albitites) have formed as a result of sodium me etasomatism of an
ted in the replacement of the e original magmatic

original granodiorite intrusion. This resulted in
minerals by albite and the subsequent leaching of silica and potassium. The fluids
involved in the alteration were thus enriched in Na* and depleted in K* and silica.
Limited late potassic alteration has occurred within the intrusions, apparently related to

late fluids migrating along the contact. Figure 3.4. shows a proposed mineralogical
The alteration sequence of alteration events can

u.lu-! _——t C2I LWL

paragenetic sequence for t
be summarized as:-

1. Unaltered granodiorite

2. Early chlorite-sericite alteration of deuteric nature (propylitisation ) - not necessarily

related to main stage albitization (observed in most granodiorite intrusions examined)

3. Main stage albitization, carbonation, sulphidation and desilicification
4. Late silicification and sericitization

No magnetite is present within the albitized intrusions. This may because it has
completely replaced by sulphides or, possibly carbonates, in the alteration process. The

sulphide mineralogy of the albitized intrusions is dominated by hydrothermal pyrite,

which contains gold as visible inclusions and as microscopic particles, suggesting
simultaneous _precipitation. The sulphide mineralization occurred late in the
hydrothermal alteration of the intrusions as it commonly post-dates the albite

replacement.

Along with arsenic rich pyrite, the Malati Store intrusion is mineralized with arsenopyrite

and minor antimony- and mercury- bearing minerals. By comparison, the Discovery Store

and Minerva mine intrusions are arsenic-poor, with only rare antimony and mercury
minerals, although they have higher chalcopyrite and molybdenite contents. The
Ti-enrichment in the altered intrusions (See Chapter 4.1), is due to the introduction and
precipitation of hydrothermal ilmenite and rutile. Haematite was not stable during

albitization and during the replacem i i ile. This suggests that the fO
conditions were low, ie. below haematite stability, during the albitization process.
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The alteration of magmatic mafic minerals resulted in the liberation of a fine grained
rutile aggregate along cleavage planes. With increased albitization, the oriented rutile
aggregate was enclosed within a fine grained carbonate and albite matrix. The rutile has
been replaced by sphéne in the Discovery Shaft and Minerva Mine intrusions.

e ore zone at Discovery
as well as magnetite and quartz and is considered to represent a sheared banded
ironstone. Sulphide-gold mineralization occurred after major shearing and is interpreted
to be due to the interaction between the sheared iron rich lithology and auriferous fluids
which migrated into the country rock from the Discovery Shaft granodiorite intrusion.
Sulphidation reactions may have caused destabilizing of the gold sulphur complex,
resulting in the precipitation of auriferous pyrite. Minor upgrading of the deposits has

occurred due to later shearing.

The nature of the sequence of alteration is similar to the mo

(1976), which genetically relates sodium alteration and potassic alteration emplaced
spatially in and around the parent intrusion. The relative intensities and volumes of
either potassic or sodic alteration are a function of the composition of the parent rock

type, where sodium rich parental rocks are associated with larger proportions of sodium

metasomatism. In this regard, the potassic and sodium alteration that is common to

GEM and to portions of the Antimony line, may be genetically related. Albitization of
the granitoids would result in the liberation of fluids rich in potassium (Chapter 4) that

would migrate to higher levels resulting in potassic alteration resulting the spatially

related potassic and sodium alteration.
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CHAPTER 4
Geochemistry

4.0. Introduction.

The albite-rich rocks of the Murchison schist belt may be attributed either to
hydrothermal alteration associated with magmatic intrusives (this study), or to a process

of lateral secretion (Pearton, 1980). In order to test the possibility that the albite-rich
" might be related to the suite of intrusive granodiorite intrusions which

ac 1
S Adsvw e o5r T2l OS2

surround and intrude the Murchison schist belt, the geochemistry of these rocks has been
compared to that of unaltered granodiorites and tonalites found in the vicinity. Major,

trace and REE analyses of the albite rich rocks were carried out and the irace element
content of the pyrite from both altered intrusions and related pyritic schists was

i i hemical data is used to show that the albitites of the Murchison
schist belt are directly related to intrusive granodiorites, similar to that of the Willie

n (Fig. 1.2). They are, furthermore, the product of endogranitic subsolidus alteration

Sl - k) 4k

Wthh resulted in varying degrees of albitization and sulphidation in the cupola zone. It
is also suggested that the fluids responsible for albitization are closely related to albite

‘n » inn
UL 3 .

-

pegmatites which are linked to emeraid minera tion in

Due to a lack of data on the granitoid suite which intrudes and surrounds the Murchison

schist belt, the granodlonte/tonahte and albite porphyry rocks of the Barberton
greenstone belt have also been used for comparison with the altered albite-rich rocks of

—fmmﬁqmm&m%m*m@mmﬂmmmds of the
Barberton area (Condie and Hunter, 1976; Glickson, 1976; Viljoen and Vlljoen, 1961)

PN P ad :ntrn

(Table 4.1.1). In addition, data on umnaliered i
of the Murchison schist belt is available from Minnitt

intrusions in the eastern portion
(1975). Vearncombe et al. (unpubl. data) shows analysis of several granodiorites from the

Murchison area, while the albitites of Pearton (1980) have also been used for comparison

in this study (Table 4.1.1)
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naltered Granodiorites from the Murchison Area

cao | Nao | KO | PoO; | LOI | Toul
0.38

Samples | 8i0, | TIO, | AlO; | Fe, 0, | FeO | MnO | MgO 3 Na,/K,0
i3 7i04 | ©O8 1587 o8¢ ore | 005 o.&7 8 7.01 2.56 0.23 085 | 101.24 3.09
14 7462 | 008 1393 052 0.98 0 0.27 0.99 411 435 0.21 035 | 100.17 0.44
15 7427 | o©.08 127 0.a7 0.68 ] 0.21 0.83 3.03 5.47 0.18 0.40 98.49 055
16 7273 | 0.30 13.12 203 1.1 ] 0.67 1.72 2.50 479 0.30 0.31 99.58 0.52
17 7050 | 034 15.50 052 1.83 | 0.04 1.01 232 4.81 2.24 0.16 072 | 100.07 215
18 7227 | 018 14.52 1.57 084 | 012 0.80 276 4.44 1.58 0.28 0.28 99.79 281
acz §7.76 | 0©.0% 18.20 cz2 122 ] o2 0.82 2.78 5.69 0.81 0.08 0.58 90.62 7.02
| GC2 73.31 0.20 14.37 o.18 0.87 | 003 | 020 | 083 4.4 488 | 008 | 058 | 9085 0.88

arbartan Tonalitas and AlhMa Darmhvries

ey e

108 70.63 0.24 14.98 0.38 126 0.03 1.08 1.08 5.37 1.85 0.08 079 | 873 3.48
17 88.93 0.30 18.21 o.78 1.88 0.03 3.60 3.69 5.18 0.62 0.00 1.20 | e90.88 8.32
118 70.63 0.31 15.20 0.73 1.52 . 3.34 3.34 4.95 1.15 0.01 o84 | ses2 430
KPV 64.60 0.81 18.40 4.84 . . 4.33 433 4.72 1.85 * - 98.53 3.08
NEL 71.00 0.27 14.70 2.18 - . 2.87 2.67 5.63 1.85 . . 99.07 304
ST8 71.10 0.23 18.00 1.62 - ® 2.32 2.32 848 1.87 . - 90.16 388
THP 71.30 0.27 14.00 2.49 - . 2.57 257 5.74 1.50 * - 90.03 384
VPS 68.84 0.30 14.60 0.26 1.51 0.05 2.80 2.80 5.12 1.67 0.11 362 | o8.89 307
|98 87.79 0.50 18.02 0.97 0.86 0.03 0.78 0.78 5.70 1.40 o.18 2.13 | se.7® 407
100 67.49 0.50 15.97 2.18 2.44 0.05 3.03 3.03 5.39 1.568 0.19 1.28 99.74 3.46
"Albitites® of the Murchison Ares
Sample 8i0, TIO, ALO, Fe 03 FeO MnO Mgo CaO | NaO K0 POg Lot Total Na,0/K0 ||
T
8C4 65.87 0.18 17.18 0.44 0.62 0.04 118 1.87 7.44 1.04 0.02 3.42 99.02 7.18 J‘
scs 7108 | o016 16,15 0.20 020 | 008 000 | o8t | s00 | 228 | 001 | 255 | ®seds 2.19
M10 67.40 0.20 14.60 224 - s 1.40 1.40 5.20 1.80 0.00 4.40 08.82 2.89
RC32 67.10 2.83 18.20 128 - . 263 263 8.40 0.84 0.52 082 | 10125 10
MR22 7013 0.02 15.20 0.68 1.18 0.30 204 | 204 | 400 189 | o007 314 | e8.80 2.43
13 - Maranda piuton (Barion, unpubl. date)
14 -Avonooo':lmdy'hoﬂhowmo pldon(Bu!on.unp«N.ddn)
15 - Average of 3 analysis of the Lekkersmask pluton (Barton, unpubi. data)
16 - Average of 3 analysis of the Mashishimaia piuion {Barion, unpubl.dsts)
17 Average of 2 analysis of the Bouderoulws pluton (Minnett, 1975)
18 -Avougod:ummhdanunnmnd ﬂm,mwm.mwm
GC2 - Leucocratic trondhjemite. Letaba granite. Witkop-Shiny section (Minnitt, 1975)
GCS - Late intrusive adameliitic granitoid plug, Mac Kop, Bawe Schist beit (Minnitt, 1975)
RM15 - Quarnz-feidspar porphyry, Witkop-Shiny section (Minnitt, 1975)
106 - "Ancient tonaiiie™ {Giickson, 187 * Not detected
117 - *Ancient tonalite” (Glickeon, 1976) - Not analyses
118 - *Ancient tonalite” (Glickson, 1976)
KPV - Kaap Valley tonalite (Condie and Hunter, 1976)
NEL - Neishoohte tonalite (Condie and Hunter, 1976)
STB - Stolzburg tonalite (Condie and Hunter, 1976)
THP - Thessprult ionalite (Condie and Hunter, 1976) o L
VPS - Widespread feidsp porphyry Intrush , Komatil Formation (Viljoen and Viljoen, 1wGy)
98 - Middie Marker porphyry (Glickson, 107%
100 - Middle Marker porphyty (Giickson, 187
SC4 - "Beresite” from borehole JLS.1 &t Monarch North (130 feet) (Pearton, 1980)
SC5 - “Beresite® from borehoie JLS.1 &t Monarch North (190 feet) (Pearton, 1980)
. ranite from Duchen mine dump (Viljoen and Van Vurren, unpubl. data)
RC22- Massive resistant albite lens from Free State )
MR22 - “Beresite” from Graveiotte mine. Borehole GS. 30 (Pearton, 1880)
—T.mmﬂ—MHQFFEEEMENLMED FOR GEOCHEMICAL COMPARISONS
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4.1. Major Elements Analysis

The major element data for the Discovery Shaft and Malati Store intrusions are
presented in Tables 4.1.2 and 4.1.3. Table 4.1.4 contains the major element analysis for
various granitoids and related rocks, including samples from the unaltered Willie Pluton

(JUD.3 and JUD.S) and from the unaltered intrusion at the Minerva mine (MIN.2)
(Fig.1.2). Also included are samples of felsic material and albite pegmatites from the
Cobra and Discovery pits at GEM. Two samples (DUC.1 and DUC.2) were collected
from the Duchen mine dumps to compare with the data of Pearton (1980), who regarded
this intrusion to be an example of a laterally-secreted albitite. Albite-rich intrusives from
the emerald occurrence at BVB were also analysed for comparison with the pegmatites
at GEM. An occurrence of tonalitic gneiss from the vicinity of the BVB emerald mine

was also sampled (BVB.2).’

3 °

.1.1. De oc -
Most major-element studies on granitic rocks have made use of the bivariate
oxide-percent versus silica-percent plots of Harke r (1909) or of th
Larsen-index plots (Larsen, 1938) to evaluate petrogenetic hypotheses. The inadequacies
of oxide-percent bivariate diagrams and their misinterpretation in the case of

hydrothermally altered rocks have been discussed by Pearce (1969). As with other

classification systems, only the "leucocratic components” are considered. This is

isf : ccularly with rocks of intermediate to basic compositions. An
alternative approach in the discrimination of various granitoid series is to use

cationic/molecular values, which express whole rock chemistry as cationic parameters in

terms of mineralogical components. This concept has been extensively used by de'la
Roche (1964) and de la Roche and Leterrier (1973) and has been recommended more
recently by Pitcher (1979) and Batchelor (1985). The calculation of the R1-R2

parameters used in this plot is shown below where,

R1 = 4Si -11(Na+K) -2(Fe+Ti)

R2 = 6Ca + "Moo + Al

- UL T awavam
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The theory of the diagram lay-out and its comparison to other techniques is described
by de la Roche et al. (1980). The R1-R2 parameters are plotted on a chemical variation
diagram which includes a mineralogical network and indicates the degree of silica
saturation. The major advantage of this bivariate chemical variation diagram is that it
emical elements and is independent of norm

calculations and the implicit models of crystallization adopted when calculating the norm.

The de la Roche values for the samples in this study are presented in Tables 4.1.5 and
4.1.6. The samples examined exhibit a wide range of R1 values (721 - 2623) and a narrow
range of R2 values (496 - 591). Figure 4.1.1 is a plot of R1 versus R2 for the granitoid
rocks of this study and various unaltered granodiorites / tonalities from the Murchison
and Barberton areas (Vearncombe et al. unpubl data; Glickson, 1976; Condie and

Hunter, 1976). The samples from the Malati Store, Minerva Mine an d the Di
Shaft intrusions show that there is a continuous progression of decreasing R1 values from
the field defined by the unaltered granodiorites, towards the theoretical R1 value, o
albite. There is a slight increase in the R2 value as the R1 value decreases, which may
be attributed to the increase in the Ca-content of the rock due to the accompanying
carbonate alteration. This plot confirms the petrographic work of this study which

suggested that the Malati Store intrusion is the most severely albitized intrusion.

The Discovery Shaft intrusion samples also exhibit a wide range of R1 values from
unaltered granodiorite through to compositions close to that of albite. The petrographic
study also indicates that there are varying degrees of alteration within the intrusion. The
R1-R2 diagram (Figure 4.1.1) also includes the "albitites" of Pearton, (1980). These

he samples of this study. Pearton (1980

described sample M10 from the Duchen mine intrusion as an albitite (Table 4.1.1),
e field of unaltered granodiorites and has a similar

however, this sample plo et
composition to other unaltered granodiorites which intrude the Murchison schist belt.
There is no indication petrographically or geochemically that this intrusion exhibits
alteration in the form of albitization. The Maranda granite (Barton, unpubl. data) plots

within the field of altered samples as defined by this study. Barton, (unpubl. data) notes
that this intrusion exhibits varying degrees of alteration and is unique in that its chemical

ali granite. The intrusion is also occasionally mineralized,

composition is that of an alk
and hemistry is thus due to albitization similar to that which has affected the

other intrusions described above. 1he .

Antimony Line and is interpreted to have intruded this major structural discontinuity.
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This reinforces the idea that a number of granodiorites havc; intruded into the Antimony
Line, and possibly other major structural discontinuities, and have undergone varying
degrees of albitization and mineralization in their cupola zones.
s R2=6Ca+2Mg+Al

25

Unaltered granodiorite/
J tonalite

ir Albitization
. ° e
Albite AN
s O Ai LA me

CTER ST P o SO Y/

o

X O X XXX
Maranda granitoid v

L 1 1 ! ] 1

0 500 1000 {500 2000 250
Ri=4Si-11Na+K)-2(Fe+Til

* MSI 4+ Dsi O oM™l X UNG

o o

O PEA A BAR O POR

Figure 4.1.1. R1-R2 plot of granitoids from the Murchison and
Barberton areas.

o

(@]
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o
Q
W
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Q
(@

DSI - Discovery Shaft intrusion
DMI - Duchen Mine intrusion
UNG - Unaltered granodiorites

PEA - "Albitites" of Pearton (1980)
BAR - TTG’s from the Barberton area (Condie and Hunter, 1976)
POR - Barberton albite porphyries (Glickson, 1976)
BAR - Barberton TTG’s (Glickson, 1976; Condie and
Hunter, 1976)

POR - Barberton porphyries (Glickson, 1976)

____ Figure 4.12.is an R1-R2 plot of the granitoid rocks from this study, as well as of samples
from the Barberton greenstone belt, and includes the rock classification of de la Roche
et al. (1980).
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It is evident from the diagram that samples from the Barberton area and the unaltered
samples analyses from the Murchison schist belt occur within the granodiorite /
monozogranite field. There is, however, a continuous progression to lower R1 values with

increasing alteration into fields defined by quartz-syenites and syenites, a trend which
se in the silica content due to desilicification of the intrusions during

indicates the decre

alteration.

4.1.2. CIPW Normative Calculations.

The normative mineral contents of the samples were calculated using a computer
programme. Tables 4.1.5. and 4.1.6. contains the results of the normative element
composition as calculated by this program. As expected from petrographic studies, albite
and quartz are the dominant minerals within the albitites. Anorthite is only a minor
component in the Discovery Shaft and Malati Store intrusions. All the unaltered rocks
are corundum normative and have peraluminous indices > 1.0 (average = 1.10), a feature

noted by Barton (unpubl. data) to be characteristic of the intrusions from this area.

There appears to be a slight decrease in the peraluminous index in the altered intrusions
(Malati Store, average = 0.88 and Discovery Shaft, average = 0.96). A portion of the
Discovery Shaft samples are corundum normative, as would be expected in this variably
altered intrusion. The normative orthoclase content is low in the albitized intrusions but

Lo ccemn ad ovan

attains values of up to 22% in the unaltered grano
of the Malati Store intrusion is high (average = 74%) conﬁnmng the petrographic

descriptions from this study that the body is composed predominantly of albite. The

Discovery Shaft intrusion has a lower normative albite content, with an average of 69%.
In comparison, the average normative albite content of the unaltered granodiorites is

14%. The Di Shaft intrusion shows a wider range in the normative albite content,

due to the varymg degrees of alteration within the intrusion. The normative quartz
is variable, ranging from 7 % in the highly altered rocks to 29%

AU iwy P === €111 tily 11

in the unaltered samples, mdlcatmg desﬂ1c1f1catlon with increased albitization. The
Malati Store intrusion has an average normative quartz content of 14% and the

Discovery Shaft intrusion 17%. The unaltered granodiorites have an average normative

quartz content of 28%.
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MM1.94 21.02 0 60.28 265 0 0.21 1.84 1720.2 504.1 0.92
MM1.142 9.97 0 74.08 257 [} 0.18 1.88 882.5 840.6 0.75
MM2.84 17.18 0 73.37 1.71 0 0.13 1.84 1419.9 512.5 0.80
MM2.65 15.83 0 66.468 1.90 [ 0.00 2.6 17828 4773 0.50
MM2.72 15.96 0 75.84 0 0 0.0 1.84 1303.8 503.8 0.88
MM3.184.5 10.76 0 73.20 0.76 0 0.24 1.48 1448.0 460.9 0.90
MM3.185.5 1.7 0 s2.82 084 [ 0,123 028 10380 8130 008
MM3.168.3 30.08 0 50.54 3.62 2.17 0.31 5.55 2366.2 459.1 1.18
MM4.184 7.76 0 83.78 0 0 0.18 134 721.9 5108 0.88
MM4.187.7 sss o 8052 242 o 0.24 127 835.8 550.4 0.81
MM4.197 7.21 0 78.7% 1.85 (] 0.48 158 681.4 796.9 0.7
MUL.1 10.96 0 77.82 0 0 0.30 1.54 986.2 611.4 0.80
MUL 21 18.02 0 71.84 0 0 0.20 1.18 1274.68 486.0 0.81
MM2.65/72 10.23 0 74.01 0.86 /] 0.72 210 1384.1 517.7 0.88
MUL.BER 13.02 [} 74.83 "] /] 0.08 0.85 1718 475.0 0.83
A 0.24 1.79 12783 5498 0.8

Discovery Shaft intrusion (D8I)
Sample Quartz Ortho. Albite Anorth. Corund. Apatite Biotite R1 R2 Peralum.
index
KE51.6G 14.70 0 77.51 262 0 0.23 1.23 15382 821.12 0.83
KE21.G 18.30 4.03 65.57 3.54 1.80 0.80 ] 1518.7 547.3 1.08
KE21.8 2838 o 87.58 2,00 0 0.56 1.87 2124.2 456.3 0.3
KE51.7 5.02 (] 84.69 3.70 0 0.31 2.02 885.2 581.8 0.87
KE81.2 26.34 4.61 54.74 6.42 0.57 0.81 5.40 2258.0 8223 1.04
BH188.180 2.60 0 70.58 0 225 0.76 4.30 652.3 564.4 1.08
KE81.1 3223 3.80 50.14 7.56 o 0.36 4.50 2762.14 503.8 1.03
KE18.5 16.50 0 06.87 3.84 4] 0.20 2.82 1718.45 500.8 0.90
17 20.24 7.88 54.45 0.47 0.20 -] 8.50 1802.11 501.3 0.83
1.1 8.79 0 70.48 4.65 +] 0.14 2.68 1151.38 526.3 0.80
KE44 20.17 0 87.80 3.05 3.1 0.43 2.79 18468.32 4853 0.77
11.10 8.32 0 78.65 ¥~ 0 S.22 3.2% 1153.24 s11.8 223
DIS.BER 21.08 [} 71.23 0.88 0 0.23 3.03 1732.88 4328 0.81
0.80 038 3.10 1433.7¢ 8208 [ X ]

Table 4.1.5. CIPW NORMATIVE MINERAL CONTENT AND R1-R2 PARAMETERS FOR THE MALATI STORE AND

nie~AAVENRY SHAFT INTRUSIONS
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Quartz Ortho. Alblte Anorth. Corund. Apatite Biotite Rt R2 Peralum.
index
Unattered Granodiorits (ULG)
JUD.3 25.98 220 45.95 0 1.88 11 2.23 2100.7 380.20 1.07
MIN.2 28.08 18.74 48.21 2.84 1.67 0.61 0.88 2321.0 301.25 111
JUD.S 28.64 2.0 41.07 1.13 2.04 0.85 2.13 2872 3ra.32 1.1
“ Average 27.56 21.72 44.41 1.32 1.86 0.7% 1.68 2872 377.6 1.10
Discovery "Feisiies” (DFS)
DisP.2 11.80 [} 60.78 1027 0 0.73 i11.20 1398.2 80i.2 0.77
DiISP.3 16.12 [} 68.80 10.80 0 0.08 4.24 17343 683.2 0.78
D2 14,85 0 50.01 15.28 0 0.28 12.50 1760.8 268.5 0.65
Average 14.26 [+] 58.25 1212 o] 0.37 o 1830.8 2109 0.72
o 0.07 "
1.80 1.4 "

Minerva Mine intrusion (MMI) ||

!! M a8 48 ] 57.84 0.7% o] 0.1% 0.77 2011.4 375.3 0.88 “

' MIN.4 45.57 0 30.57 0 0 0.08 1.08 2828.2 368.0 0.54 I
Duchen Mine iIntrusion (DMI)

l DUC,1 20,31 5.30 40.76 11.58 0.75 0.17 9.21 | 25205 608.0 1.14
puc.2 32.30 8.73 38.76 12.11 1.30 0.15 8.50 2623.3 807.4 1.20

0.08 3.82 651.7 818.5 1.08

BvB.1 0 020 | 7954 | 14.22 0

Table 4.1.6. CIPW NORMATIVE MINERAL
GRANITOIDS
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