Figure 4.1.3 is a plot of normative quartz content versus normative albite for the samples
from this study and the Bg;berton area. This plot supports the suggestion that there is
a progressive decrease in quartz with increasing alteration, as suggested by the R1-R2
plot. Within the albitized intrusions, especially the Dis
range of quartz-albite contents indicating that varying degrees of albitization exist. The

PRV Sy £
L

Maranda granite plots within the altered portion o

covery Shaft intrusion, there is

J waakae Ava weeS

n

Duchen Mine intrusion suggest that the body has not undergone albitization, as indicated
by the high quartz content of 39% and low normative albite content of 31%.

Normative Albite
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Figure 4.1.3. Normalized albite content versus
quartz content.
Symbols as per Figure 4.1.1.
DFS - Discovery mine Felsites
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Table 4.1.7 shows the correlation matrices for the normative mineral contents. The
Malati Store and Discovery Shaft intrusions exhibit a good negative correlation between
normative albite and quartz contents (r = >-0.88), as well as a negative correlation

azr ALB ANT P. INDEX
azr 1.000 -0.886 0516 -0.183
ALB -0.886 1.000 -0.600 0.044
ANT 0.516 -0.594 1,000 0.134
PINDEX | -0.183 0.044 0.134 1.000

II Discovery Shatft Intrusion

azr ORT ALB ANT P.INDEX
QzT 1.000 0.471 20.871 0.471 0.229
ORT 0.471 1.000 -0.800 0.821 0.353
ALB 20.871 0.797 1.000 -0.704 -0.205
ANT 0.471 0.820 0.704 1.000 0.087
P.INDEX 0.223 0.353 0.205 0.089 1.000

i

Table 4.1.7. CORRELATION MATRICES FOR CALCULATED NORMATIVE MINERALS

the Discovery Shaft intrusion. They have lower normative quartz and albite contents than
the Discovery Shaft and they are characterised by higher normative biotite contents than

.

and coarse grained nature of the pegmati
which is closely related to the pegmatites. The pegmatites generally have a high albite

content and low normative quartz content.

The albitite from BVB emerald mine contain no normative quartz and has an albite

50, Thi i is related to the emerald mineralisation at this

locality.




4.1.3. K,0 and Na,O Contents

The intrusives from this study have a wide range of K,O and Na,O values. The Malati
Store intrusion has a low K,O content, the average being 0.11%. The Discovery Shaft
intrusion has an average K,O content of 0.22% and a broader range of values than the
Malati Store intrusion. In comparison, the unaltered granodiorite material has an average

content of 3.5% ou e limi

(1975) suggest that there is also a wide range of K,O contents in the unaltered intrusives
from this area. The albitized intrusions are very low in K,O (< 0.2 %) and this is
interpreted to suggest that there has been a large reduction in the K,O content of the
intrusions during albitization (See Section 4.1.9). The Na,O content of the albitized
intrusions is high when compared to the average content of the magmatic unaltered
TTG’s suite from the Murchison and Barberton belts. The Malati Store has a average

Q
-
-
-
(4]
-
=

Na,O content of 8.06% and a maximum ¢ Y
lower average Na,O content of 7.8%. In comparison, the unaltered intrusions have Na,O

contents in the range of 4.4% to 5.14 %. The high Na,O content in the altered intrusions

cannot be explained by conventional igneous processes. Thus, the increase in the Na,O
content of the intrusions and decrease in the K,O content, must be associated with the

replacement of the primary igneous assemblage by albite during hydrothermal alteration.

content (7.91%), mdlcative of albitization. However this intrusion also maintains a
relatively high K,O content (2.56%). This suggests that the intrusive has undergone only

slight fluid interaction and alteration and hence there is no major decrease in K,O.

Alternatively, late sericitization has occurred.

The Na,0:K,O ratios for the Malati Store intrusion exhibit a range of values from 9.51
to 280, with an average of 65. The Discovery Shaft intrusion has a lower ratio of 24.58

and ranges from 3.03 to 67.88, indicating that this intrusion has been less affected by
albitization. The unaltered intrusions examined have average Na,O:K,O ratios of 1.3.
The albite pegmatites sampled have high Na,O:K,O ratios of between 18.9 and 49.7,
indicating that the fluids responsible for the pegmatites formation were enriched in Na,0

and low in K,O.

Figure 4.1.4 is a plot of Na,O versus K,O content for the samples from this study. The

plot shows that there is a s i i \ 2 2
This is interpreted as indicating a progressive leaching of K,O from the intrusive body
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with increasing albitization. The Malati Store intrusion has a very low K,O content and
high Na,O content compared to the Discovery shaft intrusions suggesting that the Malati
Store intrusion have been subjected to a more severe leaching of K,0 relative to the

Discovery Shaft intrusion.

wt% K20

4
wt% Na20
* MSI + DSI * DMI S U

Figure 4.1.4. ¥

MSI Malau Store mtruswn
DSI - Discovery Shaft intrusion
DMI - Duchen mine intrusion

UNG - Unaltered granodiorites
DFS - Discovery mine felsites

Figure 4.1.5 is a plot of Na,O versus K,O for the samples from this study, compared to
nitoids from the Murchison and Barberton area (Glickson, 1976; Barton

unpubl. data; Condie and Hunter, 1976) which shows the major fields of granitic rocks.
f the Murchison area show a wide range in compositions from

depleted K,O and enriched NaZO contents compared to the unaltered intrusions.
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Figure 4.1.5. K,O versus Na,O for granitoids from the Murchison
schist belt and Barberton area for comparison.
MSI - Malati Store intrusion
DSI - Discovery Shaft intrusion

DMI - Duchen mine intrusion
ULG - Unaltered Murchison granodiorites (Thisstudy;

Barton, unpubl. data; Minnitt, 1975)

- Albiti 0)

BAR - Barberton TTG’s (Glickson, 1976)

4.1.4. Other Geochemical Features
The Discoverv Shaft and Malati Store intrusions have slightly enriched MgO values

compared to unaltered granodiorites. These intrusions average 1.0% and 1.3%,

respectively, compared to 0.25% for the unaltered granodiorite. This elevated MgO
~hlarite and actinolite i

content is likely to reflect small amounts of chlorite and act w
sporadically within the body especially near the rims of the intrusion, as in the cas

the Discovery Shaft. The total FeO content of the alter di

to the high pyrite content of these intrusions (x 5%). The calcium content of the
albitized intrusions is variable but is highly elevated compared to the Willie Pluton,

although some of the 0 i i i jousl to have a higher

Ca value (+ 2.0%) (Barton, unpubl. data). The elevated Ca contentffﬁbst likely reflects
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4.1.5. Trace Element Geochemistry

_ The trace element contents of the intrusions from this study are presented in Tables
4.1.8, 4.1.9 and 4.1.10.

4.1.6. Transition Elements

The concentrations of transition elements (Ti, Cr, Mn, Fe, Co, Ni, Cu and Zn) have been
determined for the Discovery Shaft, Malati Store and Minerva Mine intrusive granitoids.
The transition elements have been plotted on a chondrite normalized diagram so that
variation between samples can be observed (Fig. 4.1.6). Allegre ., .. (1968) and Allegre
and Michard (1974) have used this technique successfully to illustrate the effects of
magmatic differentiation. Depending on ionic radii and crystal field theory (Allegre ., ..,

such as olivine and pyroxene at the onset of magmatic crystallization. These elements are
thus preferentially depleted in the residual melts and hence granites an
fractionated rocks have a characteristic "W" shape on the normalized plot of the
transition elements due to these depletions. There is a consistent negative slope for the
line joining the Mn and Fe points, as well as an approximately straight line relationship

(o}
=3
g
o
o]

apphed to the albitites o examine weatner taey exhi

element distributions.

Figure 4.1.6. indicates the envelopes of distribution of the normalized transition elements

for the Malati Store and Discovery Shaft intrusions, as well as the average values for the
------- mmndinrites from the Murchison area. The Malati Store and Discovery Shaft

unaltered granodqionics irom {ne M
intrusions are seen to have almost identical transition element distribution patterns and

abundances. The average transition element distribution for the unaltered granodiorites

is also similar to that of the albitized intrusions. This suggests that the altered and
unaltered granodiorites are genetically related. However the albitized portions of the

intrusions are enriched in Mn, Fe, Ni, Ti and Cu, are generally depleted in Zn.
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The enrichment of Fe and Cu is attributed to the development of pyrite and chalcopyrite
mineralization within the altered portions. All the intrusives have characteristic transition
element plots for typical granitic material (Allegre and Michard, 1974). Figure 4.1.7.
contains the envelopes of distribution of the transition elements for the TTG suite of the
Barberton area, as well as average values for the Discovery Shaft and Malati Store

intrusions. There is a close similarity between the albitites of the Murchison belt and the

Barberton TTG’s. The transition element plot exhibits features that are characteristic of
fractionated igneous rocks, a feature which argues against a lateral metamorphic

secretion genesis for the albite rich rocks.

Log Element/Chondrite

Discovery Shaft intrusion

Zn

—¥— Willie Pluton

Figure 4.1.6. Chondrite normalize transition €

envelope of distribution for the Discovery Shaft and Malati
Store intrusions as well as the average composition of the

unaltered Willie pluton
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0 Log Element/Chondrite

1.000E-03

1.000E-04 -

rmalized transition element plots for

rr

Malati Store (MSI) and Discovery Shaft intrusions (DSI).
The field of distribution of Barberton tonalites is included
for compd.rnuu.

Figure 4.18. is a plot of the normalized transition element content for the albitite
samples of Pearton (1980) (Table 4.1.1), the unaltered Willie intrusion and samples of

albite pegmatlte The albite pegmatltes and the albitites of Pearton (1980) have similar,

characteristic lguwu, i1 wsﬁ.cn clemnnf dmtnhutmns There is a dlstmcnve Cr and Ni
Y

depletion in i 3 2 mern OImMpa 0 e unaltered
granodlonte as would be expected in hlghly fractlonated igneous denved material. It
is therefore suggested that the samples of albitite analyses by Pearton (1980) have the

e hihan susle P,

transition element distribution characteristics of the aibite pegmatites which are common

along the southern flank of the schist belt.

—
—
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Log Eiement/Chondrite

Ti Cr Mn Fe Co Ni Cu Zn

—— PEA > Wwillie pluton —%— ABP

Figure 4.1.8. Chondrite normalized transition element
plots for the albitites of Pearton
(1980) (PEA) and the albite pegmatites from
GEM (ABP). The Willie pluton is included for

AVA \l MAS A

comparison.

4.1.7. Rb-Sr Content

The Rb and Sr contents of the Malati Store and Discovery Shaft intrusions exhibit a wide
_ range of values. Figure 4.1.9 is a plot of Rb versus Sr for the altered intrusions, as well

as the Rb and Sr contents from unaltered intrusives in the Murchison area (this study

amd A 075Y The Malati store intrusion has low Rb contents (4.80 ppm to 15.82

Tvesaiss 1 T
QIIU IVIULLLILLy AT 7o/ e Alals 72S0T LU

ppm, average 5.76 ppm) and Sr contents (61.48 ppm to 135 ppm average 7825 ppm).
The average Rb/Sr ratio is 0.70. The Discovery Shaft intrusion has higher Rb (3.14 -
61.75 ppm, average 22.37 ppm) and Sr values (145.50 - 356.83 ppm, average 237.58), as
well as greater ranges. The average Rb:Sr ratio of the Discovery Shaft intrusion is

however. similar to the Malati Store intrusion. The Rb-Sr content of the albitized

portions of the Minerva mine intrusion plot within the range of the highly albitized
from the Discovery Shaft intrusion. The highly albitized Malati Store intrusion
has a small range of Sr an values, wi

Shaft intrusion, a feature which is expected with the higher intensity of albitization.
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Sr content (ppm)
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\?cmry Shaft
+
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Rb content (ppml
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o pMmi ¢ ABP A MMI

e 4.9. Sr versus Rb content for the granitoids of the study
MSI - Malati Store intrusion
DSI - Discovery Shaft intrusion
ULG - Unaltered granodiorites

e tem s teebemaoisn

DMI - Duchen miné€ intrusion
ABP - Albite pegmatites from Cobra Pit
MMI - Minerva mine intrusion

Figu

The albite pegmatites have variable Rb and Sr contents and generally plot within the

3CH P |

zone defined by altered intrusives. The apparent decrease in the Rb and Sr content of

the intrusions with increased alteration, suggests that the hydrothermal system was open
and that Rb and Sr was leached from the system. This idea is supported by Figure 4.1.10,
a plot of normative albite content versus St content, which indicates a definite negative
relationship between the normative albite content (degree of alteration) and the Sr
content. The trend is markedly contrary to normal igneous differen
Sr and plagioclase are positively correlated. The Malati intrusion appears to indicate

higher degree of Sr and Rb leaching compared to the Discovery intrusion, similar to the

observed trend of K,O leaching.
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Figt 0. Normative albxte content versus the Sr content
itoids studied.
ULG - Unaltered granodiorites

Thorium Contents
AA determinations for U, Th and Au contents of the albitized

el Ao uv'va A as 11131

intrusives, the unaltered granodmntes, an albite pegmatite and a Discovery Shaft felsite.
rusion is highly enriched in gold, with a range of 1400-6960 ppb and

The Malati Store intrusion 1s

an average of 3530 ppb (3.5 g/t) for the four samples analysed. This compares well with
the average gold content of the intrusion as determined by Phelps Dodge (per. com) of

3.1 g/t. The Discovery Shaft intrusion has a range of 40-3140 ppb and an average of

758.8 ppb (0.75 g/t) for five samples. Underground sampling of the Discovery intrusion

by GEM mine personnel were analysed for gold by standard atomic absorption

NP Bk AV A | aaiadadeniied

techniques (Golden Dumps Research) and indicated erratic gold mineralization with
values ranging from 0.25 g/t to 1523 g/t. The Minerva mine intrusion, the albite

,,,,, Af 1N 10 el T

pegmatites and the Discovery felsites have similar low gold values of 10-18 ppb. The
Willie and the unaltered granodiorite at Minerva mine have gold contents of 13 ppb and
10 ppb respectively. Thus all the granitic rocks examined are enriched in Au, relative to

-
-
-y
l"
§
-
o
(43
Z 2

typical Archaean granitoids. Saager and Meyer (1983) derived a figure of 2.5 ppb for
tvpical eranitoids from an evaluation of data from the Barberton area. This indicates that
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No enrichment of uranium and thorium occurs within the samples examined. The
uranium contents are generally less than 4 ppm and the thorium content less than 7 ppm.
Meyer et al. (1987) regards values in excess of 6 ppm uranium to represent enrichment.

Sample Au (ppb) U (ppm) Th (ppm)
MM1.94 8060 4.00 5.10
1400
2290
3850
u Sample Au (ppb) U (ppm) Th (ppm)
1.11 3140 3.8 1.40
" "7 425 5.12 3.60
uﬁsm a2 5.48 5.40

127 424 3.

48 6.30 4.80

Minerva Mine intrusion (MM1)
Sample Au (ppb) U (ppm) 0 {(ppim)

MIN.1

Unaitered Granodioriiee (ULG) |
u ™ "

2.20 4.20 H

450 240 II

II

U ™ “

. a0 o |

II D2 18 37 4.20

4.1.9, Alteration Studies

H}meﬂ{ag&ehaugeiuclumLMentraﬁon of mobile elements within the

intrusions during albitization have been calculated using the technique of Grant (1986),
hical solution for the composition-volume relationships of
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the Willie Pluton has been used as the unaltered protolith against which the albitized

cupolas have been normalized. Data from this study and Barton (unpubl. data) were used
to produce the average composition of this intrusion.

The basic hypothesis of Gresens’ (1976) is that some components are likely to have been
immobile in the alteration process and, if these can be identified, they can be used to

establish any volume changes which might have taken place. Gains and / or losses of
components can then be calculated, assuming that the volume change is a factor common
to the behaviour of all the components. A pre-requisite is that the alteration is pervasive
and not confined to veins or alteration patches. Petrographic work and major element

geochemistry indicate the albitization is pervasive and thus the technique may be applied.

The immobile elements are obtained graphically by plotting the major and trace element

concentrations of the Willie pluton against those of any given intensely albitized sample.
The immobile elements generate a straight line through the origin with a slope which is

concentration (Gary et al., 1974). The relative gains and losses of (mobile
are given by the displacement of data points from the reference isochron. The density

of the granitoid material was determined by standard techniques.

The average density of the Malati Store samples is 2.77 g/cm® (n = 6) and of the

average density of 2.59 g/cm’ (n

~TL .2 < o - dai~h

increasing degrees of albitization, which equa
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volume.

4.1.9.1 Discovery Shaft Intrusion

alumina <achron The slope of this line vields M°/M* = 0.96, which indicates a mass
mummd lbOCl]fUll 1nc Si0 Pe Ui uiis niis g /

increase of some 4% due to albitization.
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lumina content and that of constant volume (using the

M N

density data), the gains and losses of mobile components can be calculated as follows.

If constant alumina is assumed,
Concentration Change M°/M**(Ci*/Ci’)-1

If constant volume is assumed,
- a /. .0\ a /30

('5

Ci* = Concentration of element in altered material
Ci® = Concentration of element in original material
= Reference mass of original material

= Reference mass of altered material
= Density of original material

p* = Density of altered material

.‘,o%%

Table 4.1.12. shows the changes in concentration of mobile element for the albitized
WW
changes calculated in terms of either constant alumina or constant volume. The changes
in concentration during albitization for the Discovery shaft range from -90% for K,O to
+325% for Cr. Other major changes include the Fe .,y content which increases by 117%
the Cu content which increase by 3025% and the Ti content which increases by 109%.
The Rb and Sr contents are reduced by 89% and 50% respectively (Table 4.1.12). The
silica and potassium contents are reduced by 5% and 90% respectively while the sodium

content is increased by 57%.

4.1.12.2 Malati Store Intrusion
Major and trace elements concentrations from highly albitized portions of the Malati

Store intrusion plotted against the Willie intrusion demonstrate that there is a choice of
i ins and losses of

The concentration changes for the Malati Store intrusion are similar to those of the
Discovery Shaft intrusion. The sodium content increases by 16% while the silica and
potassium contents decrease by 16% and 96% respectively, reflecting the higher degree
___ of albitization and desilicification within this intrusion. The Rb and Sr contents are also

reduced, by amounts similar to that of the Discovery Shaft intrusion. There is a larger

increase in the Feqy,y content (275% versus 11 7%) which is associated with the higher

pyrite content of the Malati Store intrusion.
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The similar increases (150% and 108%) in the

that rutile/ilmenite introduction occurred early in the hydrothermal alteration, a feature
which confirms the petrographic study.

Differences between the intrusions include the Y immobility in the Discovery Shaft
____intrusion and the 150% Y increase in the Malati Store intrusion. There is 325 %, increase
in Cr in the Discovery Shaft intrusion, but a 5% decrease in the Malati Store intrusion.
The higher Cr in the Discovery Shaft intrusion is attributed to the presence of

ThA e mad e Jiiall

actinolite-chlorite and a possible interaction with the mafic and ultramafic schists.

P2V Y RN

The large increase in Cu content of the Discovery Shaft intrusion (3025%) is attributed
to the chalcopyrite content of the intrusion, which is confirmed by petrographic work.
The gold content of the Discovery Shaft and Malati Store intrusions has been increased
by 110% and 350% respectively compared to the unaltered Willie pluton.

In summary, the process of albitization is characterised by an-increase inthe Ti, Fe, Mg, ——————
Na,O, Ca0, V, Cr, Nb, Ni, Cu, Au and As content and a decrease in the K,O, P,0O,, Rb,

Sr and Zn contents of the intrusions studied. The larger elemental changes in the Malati
Store intrusion confirm the greater degree of albitization as indxcated by the petrographic

and major element study. Thus the large element changes indicated are not the result

of significant volume or mass changes.

—4.1.10 Major and Trace Element-Comparisons

Figure 4.11 is a spidergram plot of the major and trace contents of the Malati and
Discovery intrusions normalised to an average unai

area (Data from this study; Minnitt, 1975; Barton unpubl. data) The spidergram plots
for the two intrusions show that there are distinct similarities in the chemistry of both
intrusions relative to unaltered granodiorite, in particular, depletions in K,0 and Rb. The
Malati Store intrusion shows a greater depletion in these elements, indicating a more
on. Both intrusions show an increase in the Na, Cu, Ti, Ca, and

NI Are

atio
to the unaltered granodiorite.

intense degree of alt
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Figure 4.1.11. Log of the major and trace element
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Murchison granodiorite (ULG)

4.1.14. Volatile Contents :

Table 4.1.13. shows the CO,, H,O and sulphur contents of the Discove

Anolati Qtnrp in

% 1 - «r?°91® . 1. tnee M~ ANLn
Malati Store intrusions, as well as the Willie pluton. 1he Maiati 5

4
v
5
=
8
a

*

high CO, content (average = 4.19%), which confirms the high carbonate content of this
intrusion. The Discovery Shaft and the Minerva Mine intrusions have lower CO, contents

i is similar i three intrusions. The
WWWmaﬂ

sulphur content of the Malati Store intrusion is high (average

2t oiane hat
{7

Discovery Shaft and Minerva mine inrusions

1.59%) while the

ve lower sulphur contents, indicative of

their lower sulphide contents. The unaltered Willie intrusion has low volatile contents,

in comparison to the albitized intrusions.
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Average 4.19 0.68 1.59
scovery |
Sample CO, % H,0 % S (SQ) %
KE.81.2 1.51 0.84 0.28
BH.186 1.89 242 1.01
KE.12G 0.98 1.43 0.23
KE.51.8 112 1.02 0.49 il
KE.21.18 0.58 0.93 0.32
KE.11.11 228 0.73 0.50
KE.11.7 1.81 0.69 0.21
KE.51.7 1.25 0.96 0.49 ]
1.42 ‘ 113 | 0.44 -ii
Minerva Mine Intrusion
Sampie CO, % H,0 % $(30) %
MiIN.1 1.09 0.70 0.22
MIN.4 1.25 0.85 0.56
Average

L Witle Intrusion (unaltered)

Average

Table 4.1.13. CO,, H,

MINERVA MINE

0 AND SULPHUR CONTENTS OF THE MALATI STORE, DISCOVERY SHAFTAND
INTRUSIONS AS WELL AS THE UNALTERED WILLIE PLUTON
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As described earlier, a spatial relationship between potassic and sodic alteration is
commonly observed in gold mineralized areas. A process proposed by Smirnov (1976),
suggests that the potassium liberated during albitization is removed to upper levels in the
hydrothermal system, resulting in potassic alteration. Section 4.1.9. has demonstrated that

Murchison schist belt granodlontes. It is conceivable that the liberated potassium is

alteration observed in close proximity to the

racrnnancih e o~ ~f +h
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albitized intrusions.

4.1.13. Conclusion
The alblte-nch rocks of the Murchlson schist belt show distinct geochemical trends which
ive granodiorite suite. There is a continuous

geochemlcal progresswn from relatively unaltered granodiorite material to highly
d material (albitite) within a single altered intrusion, indicating that the albite rich

liaiviiai \mu {— sttt g

portions of the intrusions are the result of endogenou :

geochemistry of the albitized intrusions has a distinctly magmatic signature which
precludes a metamorphic lateral secretion process for their tormation. 1he “albitites” ot
Pearton (1980) show major and trace element geochemistry which is similar to that of
the albite rocks examined in this study and they show transition element distributions

indicative of fractionated magmatic rocks.

he fluids responsib 2
concentrations of gold and associated metallic mineralization within the intrusions acting

over large areas of the schist belt, in different geological settings. Albitization affects the
cupula zones of the granodiorite intrusions which have intruded the Murchison schist

belt, especlallv along structural discontinuities, including the Antimony Line. The

e - 19 st Al +ha meanndiaritac ic therefore internreted to he the




4.2. Rare Earth Element Geochemistry

4.2.1. Introduction

Caltil € [NICILS 5 anmnianul O JTC 1] alOINIC

members of Group IIIA in the periodic table and all have similar chemical and physical

¥ 1 tam and Willanecan 106A) Quctamati
545 ALCAL.

properties (Haskin ef al., 1966; 1968; Cotton and Wilkinson, 1966). Syster

occur as a result of a progressive decrease in their ionic radii (of the trivalent cations)
from La to Lu. Only cerium (Ce** Ce**) and europium (Eu*? Eu*?) exhibit oxidation
states other than +3 in nature. This results in Eu*? preferentially substituting for Sr*?

particularly in feldspars. The ionic radii of the REE decrease with atomic number from
1.14A for La to 0.85A for Lu. This is known as the "lanthanide contraction" and, as a

L ATLA LVUL W V.OJ42 AV = ==

result, heavy rare elements (HREE), (Gd to Lu) have larger ratios of charge to atomic

o oma PEgIgIRp g, | Lmenn cbdw '\t"A" hnnde fhﬂﬂ r‘n I]Oh- h ]emcnts {I_REE\ (I}i
1au1ua auu gcncrauy LULLIL DUV V1 UULIUD WGl Wy aim,

to Sm). These elements behave coherently during most geologlcal processes because of
their similar chemical properties. The fractionation which is observed occur as a result

__ of either contraction effects on bond strength or because of anomalous valances of Eu

and Ce. Of the major rock-forming elements, only Ca*?and Na* have similar ionic radii
or eight-fold coordination states. Substitution for Na* does not appear to occur normally
as a result of charge imbalance (Taylor et al., 1982). The LREE tend to be excluded
from common rock-forming minerals during igneous processes due to their large radii
and high charges and they are generally included in the group of incompatibles or large
ion lithophile elements (LIL) (Herrmann, 1970). The HREE are, by virtue of their

smaller ionic radii, are somewhat compatible with minerals such as zircon (Nagasawa and

Schnetzler, 1970) and this may exert a fundamental influence on their distribution. Eight
REE were determined by instrumental (epithermal) neutron activation techniques.

Precision and accuracy for all the elements—were—+-5%or-0.1-ppm, whichever was

greater. Lutetium concentrations were generally at or below the detection limit for this

ALnnsdn f‘n wrall Aingrame whara tha
Qailis,

element. The REE data is presented in the form of Masuda-Coryeli Giagr
concentrations are normalized to abundances in chondritic meteorites (Masuda, 1962;

Coryell et al., 1963). The advantages of this technique include the elimination of the
abundance variation between odd and even numbered REE atomic numbers and the
determination of the extent of any fractionation amongst various REE, since there is no

wuui v ulv
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et al. (1968), namely -

~
v

Ce 0.88 ppm ||
Nd 0.60 ppm
Sm 0.181 ppm

0 069 nnm

Vivvs pprasa

0.047 ppm
0.200 ppm

Eu
Tb
Yb
II Lu 0.054 ppm 'I
4.2.2. Samples

Samples from the Malati Store, Discovery Shaft and Minerva Mine intrusions were

PRy 2 m

selected to provide an indication of REE distribution with varying degrees of albitization.

Analyses of the Willie pluton and the unaltered granodiorite at Minerva mine area were
also undertaken to determine the relationship between the unaltered and albitized
intrusions. Albite pegmatites from the Cobra pit were analysed to examine the

relationship between the granodiorite intrusions and the pegmatites associated with

cesult of a lack of REE data for the m‘amt_(,n_ds in the
emeraid mmerauzanom AS a resuut o1 a ata

Murchison area, the intrusive granitoids of the Barberton area were also used as an

alternative for a comparative study. These included the Kaap Valley Tonalite and the

Theespriut pluton (Condie and Hunter, 1976 and Glickson, 1976).

- 4.2.3. Results
The results of the chondrite-normalised REE distribution patterns for all the samples
analveed are Mresan +ed in Table 4.2.1. along with the data from Pearton (1980) and

dafialys€éda are presemica in <. 1. 4101

characterised by a low total REE content, and are consistently LREE enriched with a

linear slope. No significant europium anomaly was detected. The Malati Store intrusion
has a shallow uniform slope (La/Yb, = 4.39) and a low total rare earth content. A

slightly positive europium anomaly (Eu/Eu* = 1.09) exists and the five samples analysed

__ exhibit limited variance (Figure 4.2.1). The Discovery Shaft deposit shows a moderately

steep linear slope (La/Yb, = 30.6) and low total rare earth content, with samples
exhibiting a narrow variance and a slightly negative europium anomaly Eu/Eu* = 0.71.

a
Al @ ul
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Maiati Store Intrusion (MSH)

Sample La Ce Nd sm £y ™ Yo wa/yoje | Eu/ER I

MM4. 197 7.48 23.20 16.42 248 1.20 0.84 1.85 2.4 125

MM2.65 12.80 26.94 9.58 3.08 1.10 0.60 1.43 5.4 1.07

MM1.94 15.77 25.70 18.32 354 1.04 0.67 1.67 8.7 1.18

MM1.142 7.01 24.33 14,60 2.7% 0.83 0.38 0.00 43 1.19

MM1.183 1148 25.17 14.10 287 141 0.58 .00 i .06

Average 10.90 25.07 1412 2.9 1.07 0.57 1353 [y 1.00

Discovery Shaft intrusion (D8J)
mlulc‘l“I“Iall,l%lfﬁm‘-ls._.,ga.

KE21.21 14.07 43,01 1201 203 0.45 0.20 0.45 18.8 0.84 W
11.11 38.43 4827 12.50 3.42 0.40 0.18 0.44 52.9 0.55

11.7 22.36 27 13.18 3.02 0.62 0.32 0.58 245 676

KES1.2 21.48 42.80 12.40 253 0.47 0.21 0.90 33.7 0.74
WEB17 10.22 20.687 11.70 238 0.80 022 0.41 28.7 0.83

BH.188 | 2424 | 4820 | 1320 327 0:54 o | oss | 252 0.684

Average 2348 4434 1250 an 0.50 02¢ 0As 08 071 |

Minerva Miine inirusion (W)

Sample La Ce Nd sm Eu Ld Yd {La/Ybjo—| Eu/Eu*
MIN.1 13.10 e 1278 2.87 1.04 0.20 0.60 13.3 1.49
N3 1288 30.21 12,0 2.7 0.68 029 042 182 0.83
MIN.4 12.82 31.30 1252 282 0.68 025 0.52 14.9 0.90

Average 1282 31.10 12353 2.83 0.7 028 0.51 158 1.08

Unaltorsd Qranodiorite (ULA)

Sampie L Ce Nd sm 2o ™ Yb (La/Ybjo Eu/Eu*
MIN2 15.14 28.44 854 1.88 0.08 0.23 0.58 8.0 1.02
JUD.3 13.88 230.10 8.50 1.83 0.40 o.18 0.38 1.9 0.88

Alblte Pegmatites (ABP) )

Sample La Ce e sm v ™ Yo (La/Ybje Eu/Eu*
coB.1 22.14 38.45 12,50 2.58 0.52 0.30 0.98 13.7 0.74
coB.2 21.51 40.12 11.98 2.82 0.61 0.37 1.08 121 0.76

" — = niemr s a e |

Pearton (1900) - Albities

Sample Ls Ce Nd sm By ™ A ] (La/Ybjo Eu/Eu”

8.13 11 . 1.32 0.41 0.13 027

8C4
Cs 8.36 18 - 117
#m‘

0.34 0.14 - 121 0.78

Eu/Eu* = Chondrite normalized Eu value divided by the value obtained by drawing a line
between Sm and Tb

Table 4.2.1. RARE EARTH ELEMENTS AS DETERMINED BY NEUTRON ACTIVATION ANALYSIS (ppm)
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Figure 4.2.1. Chondrite normalized REE plot for the Malati Store and
Discovery Shaft intrusions showing the envelope

of distribution

is enriched with HREE and slightly depleted in

*
) ISV NGRS DS Semdemued A ]
ALA & -~ e

™. .
14¢€ dlDl[lZCU lVIdJ.dIJ. OlUl LI WiV D

LREE, relative to the Discovery intrusion. Figure e 4.2.2 shows that there is a systematic
increase in the HREE content with a increasing degree of albitization (normative albite),

which indicates that the HREE are selectively concentrated during alteration.

ep REE pattern, with a minor negative

europium anomaly (Eu/Eu' =0.86). The average REE content of the moderately
TT— ion is identical to that of the Willie pluton as indicated

i

dJDl[lZCCl UlSCOVCl’y Dﬂd.ll. intrusion 1is 1G<nil
in Figure 4.2.3. This, along with other geochemlcal features, supports the idea that the

albitized Discovery Shaft intrusion is genetically related to the Willie pluton or a

geochemically similar granitoid. REE analyses in Vearncombe et al. (unpubl. data) show

that the intrusive suite of granodiorites surrounding the Murchison schist belt have

similar REE-distributions-to those of the intrusives examined in this study. The REE

profiles of these granodiorite intrusions are considered to be representative of normal
Taylor and McLennan, 1985).

Archaean granodiorites (
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Figure 4.2.4. is a plot of the REE content of the Malati Store and Discovery Shaft
intrusions normalized to the Willie pluton. There is a distinct increase in the HREE

within the Malati Store intrusion as a result of the albitization.
Log chondrite normalized concentration

10

|Malatl Store Intrusion

........

.....................
......

Discovery Shaft intrusion.

1 [ 1 1 1 1 1 1 1 1 L [}
Ce NdSmEu Tb Yb Lu
REE

Figure 4.2.4. Log of the REE of the Malati Store (MMI) and Discovery
Shaft (DSI) intrusions normalized to the Willie pluton.

0.1
L

Note HREE enrichment.
The albite pegmatites from the Cobra pit at GEM have a LREE distribution si
that of the Discovery Shaft intrusion and Willie pluton and also exhibit a slightly negative
=0.76). However the pegmatites are enriched in HREE

europium anomaly (Eu/Eu*

—relative to the Discovery Shaft and the Willie intrusion, and have a HREE distribution
similar to that of the Malati Store intrusion. The LREE profile strongly suggests that

there is a genetic relationship between the Willie Pluton and the albite-rich pegmatites

which are responsible for emerald mineralization (Figure 4.2.5) as well as the albitized
granodiorites. The albitite samples of Pearton (1980), from the borehole JLS.1 at
Monarch North, are greatly depleted in REE, relative to the sample analyses of this
study (Figure 4.2.6). It is unknown what these albite rich samples may represent. The

—"albitites” of Pearton (1980) do have similar smooth REE profiles.
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Figure 42.5. Chondrite normalized REE patterns for the albite
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re 4.2.6. Chondrite normalized REE patterns of the albitites of Pearton

Fign (1980) compared to the average REE distribution of the
Malati Store and Discovery Shaft intrusions



4.2.4. Discussion

The increase in HREE content with increased albitization indicates that these elements
were preferentially concentrated into the fluid phase responsible for albitization. The
rare earth content of hydrothermal solutions is controlled by the partitioning of REE

between the solution and the mineral phases. However, quantitative solution / mineral

o, . . ' o . o - - .
nNartition coemicien € NOL avalido 0 [] 0)ile O1] ) [] ]

most hydrothermal systems. The REE content of hydrothermal fluids is generally very

lawr and thic in nrdar 0 inducae chanoec in the REE distribution of a rock. a large fluid
1UW, allU D 111 U1UCL U LIUULLO VUGQLIEWO 1L LAY AREL80 RRASRESLTmsa s ¥ ., 4

to rock ratio is needed (generally in the excess of 10? to 10°) (Taylor and Freyer, 1982).
The REE pattern of the fluid involved in alteration is governed by the following;

1. The REE control of the host rock,

2. Sorption,

~ 3. Complexation mechanisms, and
4. Relative stability of the secondary minerals.

" REE enrichment is a common feature in peralkaline granites which have undergone
sodium metasomatism (Jacobson et al. 1958; Mineyev, 1963; Aleksiyev, 1970). This is
reconcilable with the activity of anionic species such as CI' F and CO;? in these fluids,
and with the formation of stable REE-bearing complexes with these ligands. The
observed HREE enrichment probably, therefore, resulted from the transport of
carbonate complexes in the alkali-enriched fluid responsible for metasomatism (Kerrich
and Freyer, 1979). Fractionation of the REE in natural fluid systems typically affects the

P [} [ 2 . 41 . anaration-aAanned

LREE relative to the HREE, orvice versa. 1 hiis natural séparation-appcarsio-o¢
to the formation and stability of the complexing ions (Moller et al., 1979). Herrmann
(1970) has suggested that compiexing of REE with carbonates, fluorides or sulphate
complexes could play a major role in the transport and deposition of the HREE. The
increasing stability of these complexes with increasing atomic number of the REE results
in the en.richmen-t of the HREE in late stage deposits. During the waning stages of

hydrothermal activity, REE complexes would destabilize, with subsequent precipitation

e b e Tuoad alamante fram the HREE enriched solution. The most probable
Of ine compiexea CiCmCHiS IIOl wie IIMIEL TRSIRTE D

complexing agent in the deposits in the present tudy is CO5? as suggested by the

S
. . s et ond stha nracancs of 0. within fluid inclusions in
extensive carponatization a&4aiiG uil pitovine Ui W) e ns 1in

hydrothermally deposited quartz. Experimental studies have shown that under near-
neutral to mildly basic conditions the REE form soluble stable complexes (Kosterin,

1959; Graf, 1977; Alderton et al., 1980), with the CO,? complexes being the most

important (Chatterjee and Strong, 1984; Taylor and Fryer, 1983). The stability of these
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