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The barium contents of the coexisting K-feldspars and plagioclases in the
Bushveld granites from the Zaaiplaats tin mine area were determined by electron
microprobe analyses. The average weight distribution coefficients of barium for K-
feldspar over plagioclase in the Main, Bobbejaankop and Lease granites are 10, 2
and 4, respectively, the barium contents of the K-feldspars being 0.20, 0.04 and
0.08 weight per cent respectively. The data indicate in situ fractional crystallization
as a possible model for the origin of the Bobbejaankop granite with its syngenetic
tin deposits.
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Introduction

Recent geochemical studies on the Bushveld
granites in the Zaaiplaats tin mining area, the
Central Transvaal, South Africa, have pro-
duced evidence in favour of the hypothesis that
these rocks crystallized from progressively more
hydrous melts and that the ore-forming fluids,
derived from the residual fraction of the granite
magma intrusion, were concentrated by the
mechanism of fractional crystallization (McCar-
thy and Hasty 1976; McCarthy and Fripp 1980;
Lenthall and Hunter 1977).

Barium is captured by the potassium-bearing
minerals K-feldspar and biotite, and concentrates
in the early fractions during differentiation. The

radius of the barium ion is similar to that of the
potassium ion, although the barium ion has the
same charge as the calcium ion. Because the size
effect predominates, barium usually concentrates
strongly into K-feldspar with respect to plagio-
clase (Smith 1974). Geochemical indicators,
such as an increase in K/Ba or a decrease in
Ba/Rb, are suggestive of differentiation in crys-
tallization of the granitoids.

This paper reports the results of 191 quantita-
tive microprobe analyses of sodium, potassium,
calcium and barium on coexisting K-felspars
and plagioclases from the stratiform Main
granite, and from the tin-bearing Bobbejaan-
kop and Lease granites at the Zaaiplaats tin
mine or in its immediate vicinity. The analyses
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were done with an ARL—SEMQ electron micro-
probe during the author’s stay with the Applied
Mineralogy Research Group of the Council for
Mineral Technology (MINTEK) in Randburg.

Microprobe analyses

Microprobe analyses for coexisting K-feldspars
and plagioclases are summarized in Table 1.

The major elements Na, K and Ca were analys-
ed with Ba by microprobe and subsequently cal-
culated to orthoclase (Or), albite (Ab), and
anorthite (An) on the basis of 24 oxygen. The
Or contents of K-feldspars are high in all granite
types (in range 91.58 to 98.21 in Main granite,
96.41 to 98.31 in Bobbejaankop granite, and
95.90 to 98.26 in Lease granite) as are the albite
contents of plagioclases (range 92.86 to 98.76 in
Main granite, 95.07 to 99.16 in Bobbejaankop

Table 1. Mean compositions of coexisting K-feldspars and plagioclases from the Bushveld granites in the Zaaiplaats Area.

Sample K-feldspar Plagioclase Granite

Or Ab An Ba K/Ba Number Or Ab An Ba K/Ba Number Type

(%) (%) (%) (%) of Spot (%) (%) (%) (%) of Spot

Analyses Analyses

SA 8 97.10 290 — 0.26 63 4 1.69 97.27 0.34 0.03 9 4 Main Granite
SA 14 — — — <001 — — 2.63 92.86 4.51 0.02 18 8 —_» —
SA 27 96.73 3.27 — 0.32 49 2 1.61 98.41 0.10 0.02 12 9 —_—» —
SA 37 98.21 1.79 — 0.17 103 2 1.11 98.59 0.21 0.02 10 6 —» —
SA 45 97.73 2.27 — 0.04 391 4 2.64 96.57 0.49 0.03 13 4 —» —
SA 49 94.31 5.69 — 0.10 170 4 1.97 97.74 0.29 0.03 12 4 —» —
SA 57 98.05 1.95 — 0.05 326 3 1.71 97.98 0.31 0.03 8 4 —» —
SA 60 98.07 1.93 — 0.22 74 5 4.84 95.70 0.28 0.03 22 3 —» —
SA 62 98.08 1.92 — 0.37 46 2 4.73 9490 0.34 <0.01 — 3 —» —
SA 65 98.02 1.98 —  0.15 116 7 1.24 98.76 — 0.01 12 7 —» —
SA 86 95.25 476 — 0.22 63 3 2.31 97.29 0.73 <0.01 — 3 —» —
SA 87 91.58 8.42 —  0.12 127 5 3.38 95.64 0.99 0.02 23 5 —» —
SA 90 97.65 2.34 — 0.45 36 4 2.26 97.714 — 0.04 8 5 —» —
SA 95 98.05 1.95 — 0.19 91 4 2.22 97.16 0.63 0.01 32 S —» —
Average
Ba and K/Ba 0.20 127 0.02 16
values
78-15-2 98.04 1.96 —  0.011705 4 4.03 95.07 0.90 0.02 26 4 Bobbejaankop Granite
78-15-4 98.08 1.92 —  0.04 462 3 2.34 97.61 0.20 0.02 17 3 —» —
78-15-8 98.31 1.69 —  0.05 331 3 0.54 99.12 0.35 <0.01 — 3 —» —
06377-20 97.70 2.30 —  0.021145 3 2.54 97.46 — 0.02 31 3 — » — (Mineralized)
06377-29 97.70 2.30 — 0.06 266 4 1.82 98.18 — 0.01 22 4 — » — (Mineralized)
06377-108 97.73 2.27 — 0.04 398 4 0.84 99.16 — <0.01 — 2 — » — (Mineralized)
06377-111 96.41 3.59 —  0.05 292 6 - — — <0.01 — — — » — (Mineralized)
06377-300 97.96 2.03 —  0.06 285 4 2.79 97.21 — 0.02 20 4 — » — (Mineralized)
Average
Ba and K/Ba 0.04 611 0.02 23
values
06377-144 95.90 4.10 — 0.04 388 6 2.36 97.59 0.05 0.02 20 6 Lease Granite
06377-146 98.26 1.74 —  0.11 156 3 2.59 97.41 — 0.02 21 3 —» —
Average
Ba and K/Ba 0.08 272 0.02 20

values
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granite, and 97.41 to 97.59 in Lease granite) in-
dicating nearly complete subsolidus exsolution.

The average Ba value in K-feldspars of the
Main granite, 0.20 %, is five times higher than
that in K-feldspars of the Bobbejaankop granite,
0.04 %, whereas the average Ba content in the
Lease granite K-feldspars is 0.08 %. The average
Ba content in the plagioclases of all three granite
types is 0.02 %.

The Ba values of K-feldspars and plagioclases
in Table 1, are the mean values from a number
of spot analyses (as shown in Table 1). Samples
SA 14, SA 49, SA 86 and SA 90 are from the
meso-, or leuco-cratic, coarse-grained variant of
the Main granite, with the granularity and tex-
ture index of the Waal (1972) being from 8 to
10. The K-feldspars tend to have highly variable
mean Ba contents in these samples. In much the
similar way, the mean Ba contents of the K-
feldspars in the porphyritic granophyre and
porphyry variants of the Main granite have very
pronounced deviations from the average Ba
value. Ba analyses by electron microprobe have
generally been found to be in good agreement
with chemical analyses (Smith 1974).
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Fig. 1. Distribution of mean Ba contents between the co-
existing K-feldspars and plagioclases in the Main, Bobbe-
jaankop and Lease granite samples.

The distribution of the mean Ba contents
between the coexisting K-feldspars and plagio-
clases of the specimens analysed is shown in Fig.
1, whereas Fig. 2 depicts the mean K/Ba ratios.
The average K/Ba ratio in the Bobbejaankop
granite K-feldspars (611) is nearly five times
higher than that in the Main granite (127). The
average K/Ba ratio in the Lease granite K-feld-
spars is 272 (Table 1).

The average weight distribution coefficients
of Ba for K-feldspar over plagioclase in the
Main, Bobbejaankop and Lease granites are 10,
2 and 4, respectively. Fig. 3 depicts the distribu-
tion of the mean Ba values between the coexis-
ting feldspars in the three granite types. In parti-
cular, the Main granite samples display highly
variable weight distribution coefficients of Ba.

Discussion

According to the whole rock analyses, both
the Bobbejaankop and Lease granites are de-
pleted in Ba and Sr and enriched in Rb relative
to the Main granite. The uppermost portions of
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Fig. 2. Distribution of mean K/Ba ratios between the co-
existing K-feldspars and plagioclases in the Main, Bobbe-
jaankop and Lease granites.
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Fig. 3. Distribution of Ba between coexisting feldspars. The
radiating lines give weight distribution coefficients for K-
feldspar over plagioclase. Marks as in Figs. 1 and 2.

the Bobbejaankop granite are particularly charac-
terized by low abundances of Ba, Sr, and Ti and
high contents of Rb, suggesting that the Main
and Bobbejaankop granites could be related
through fractionation from a single parent
magma. In addition, the stratiform Main granite
shows a slight but consistent trend towards
lower K/Rb and Ba/Rb ratios accompanied by
a complementary increase in Ba/Sr and Ca/Sr
ratios in the stratigraphically higher parts of the
intrusion (McCarthy and Hasty 1976, McCarthy
and Fripp 1980). Although the whole rock
analyses of the Lease granite show the lowest
K/Rb, Ba/Sr and Ba/Rb ratios of all three
granite types featuring extreme fractionation,
the microprobe analyses in the present study do
not endorse this trend. The number of the
analyses in the present study, however, is too
low for firm conclusions to be drawn.

The uppermost, as well as the coarse-grained
lower Main granite has the highest Ba and Sr
contents, apparently as a result of the early

crystallization of K-feldspar and plagioclase,
and the strong partitioning of Ba into the K-
feldspar and of Sr into both K-feldspars and
plagioclases.

The higher Ca content of the Bobbejaankop
granite than that of the Main granite, as shown
by whole rock analyses (Lenthall and Hunter
1977) can be ascribed to the occurrence of fluo-
rite and calcite as common constituents in the
Bobbejaankop granite.

According to the geochemical data, the initial
crystallization could have started at both the top
and the bottom of the Main granite intrusive.
The high thermal states of the K-feldspar in the
coarse-grained leuco- or mesocratic Main granite
can be interpretted as a result of dry crystalliza-
tion conditions (Ollila 1981, 1984 a) and may
indicate a cumulate origin for the rock.

The chemistry of the Bobbejaankop and Lease
granite cassiterites defines slightly different
trends, although the detection limit of the elec-
tron microprobe for most elements, about 100
ppm, prevented more accurate determinations.
The average niobium content (0.13 per cent
Nb,O;) is higher, whereas the tantalum (0.50
per cent Ta,O;) and iron (0.62 per cent FeO)
contents are lower in the orthomagmatic cassi-
terites from the disseminated Bobbejaankop
granite than in cassiterites from the greisenized
Lease granite (Nb,Os 0.30 per cent; Ta,05 0.11
per cent; and FeO 0.79 per cent). The tungsten
contents are similar, 0.78 per cent WO, in dark
colour zones and 0.06 per cent in light colour
zones, in all the Zaaiplaats cassiterites analysed
by microprobe.

The abundant presence of highly saline fluid
inclusions in both the Bobbejaankop and Lease
granites (Ollila 1984 b) supports the view that
the Bobbejaankop magma achieved water satu-
ration fairly early during its crystallization
(Groves and McCarthy 1978), and that the Lea-
se granite may be a product of metasomatism
and recrystallization (Ollila 1984 a).
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Conclusions

According to the present study, the average
weight distribution coefficient of Ba for the K-
feldspars over plagioclases and the average Ba
content of the K-feldspars are about five times
higher in the Main granite than in the tin-bear-
ing Bobbejaankop granite. The average K/Ba
ratios of the K-feldspars in the Main and Bobbe-
jaankop granites are 127 and 611, respectively.

These data, with other geochemical data avail-
able from the Zaaiplaats area, support the
hypothesis that these granites formed by in situ
fractional crystallization of a single parent
magma. It is concluded that: (i) the Bobbejaan-
kop granite represents a residual fraction of
the Main granite magma, (ii) initially tin was
concentrated in silicate melt by the mecha-
nism of fractional crystallization in the Main
granite magma, (iii) the occurrence of the tin
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