
Introduction

The Limpopo Belt (Fig. 1), straddling the border 
between South Africa, Zimbabwe and Botswana is a 
province with a complex structure and a tectono-meta-
morphic history comprising multiple events in the time 
span from before 3 Ga to 2 Ga (e.g. Barton et al.,  1990;. 
Kamber et al., 1995). The regional setting and large-
scale structure of the Belt are reviewed in recent papers 
(van Reenen et al., 1992; Roering et al., 1992; and refer-
ences therein). It is wedged between the Zimbabwe and 
the Kaapvaal cratons, trends as a whole ENE-WSW and 
is ca. 250 km wide. It consists of two marginal zones 
(NMZ and SMZ) resembling the adjacent cratons (but 
having high grade mineralogy) with the boundaries to 
these cratons being reverse fault zones, and a Central 
Zone (CZ) made up of high grade metasediments (the 
Beit Bridge Group) with a preceding tonalitic basement 
(the Sand River Gneisses) and mafic as well as felsic 
plutonism of various ages (the Messina Layered Intru-
sion and the Singelele and Bulai granitoid plutons). 
This CZ is separated from the marginal zones by lateral 
shear zones, the enormous dextral Triangle shear zone 
in the North, and the Palala shear zone in the South 
(McCourt and Vearncombe, 1987).

Until recently tectonic models for the Limpopo Belt 
were dominated by the view that a major collisional 
event in the late Archaean (2.7 - 2.6 Ga) caused the ob-
served tectonism and the high grade metamorphism in 
all three zones. However, the 2.0 Ga age of the main 
tectonism visible in the Triangle shear zone and the 
transition zone to the NMZ, along with a high grade 
high pressure metamorphism, is described by Kamber 
et al. (1995 and in press). These authors also found 
evidence of high grade metamorphism at 2 Ga in the 
CZ. The importance of a ca. 2 Ga high grade metamor-
phic event in the CZ is also emphasised by Barton et 

al. (1994) who further pointed out that it is very risky 
to constrain the timing of metamorphic events by using 
intrusive ages of plutons.

One reason why the importance of the 2 Ga tectono-
metamorphic event in the Limpopo Belt was not rec-
ognised earlier by most workers, is that age determina-
tions - particularly whole rock Rb-Sr and Pb-Pb ages 
and zircon U-Pb ages - do not show any signs of dis-
turbance or resetting by it. At the same time the many 
biotite Rb-Sr data indicating ages around 1.9 or 2.0 Ga 
were interpreted as either dating late uplift (Barton and 
van Reenen, 1992b) or a thermal event or reactivation 
of unspecified but minor nature (e.g. Ridley, 1992). 
The convincing evidence consisted of Pb-Pb, Sm-Nd 
and Ar-Ar dates obtained directly on assemblages and 
minerals which could be characterised texturally and in 
terms of PT conditions of crystallisation (Kamber et al., 
1995 and in press).

As the 2 Ga event in the Limpopo Belt comes more 
to the fore, the nature of earlier events becomes more 
obscure. Clearly the Limpopo Belt remains a key area 
for the study of Archaean tectonism in spite of this; but 
before the Archaean aspect can be properly addressed 
anew, the nature of the 2 Ga event has to be better un-
derstood. The purpose of this paper is, first, to review 
existing evidence of tectonism and high temperature 
conditions postdating 2.6 Ga, second, to present new 
geochronological data on tectonically well character-
ised sites in the CZ and the NMZ, and third, to give 
an overview of existing geochronological data on the 
Limpopo Belt. The main aim is to provide a further 
perspective on the 2.0 Ga tectono-metamorphic event. 
Some paradoxical behaviour of isotopic systems is also 
discussed, which allows the Limpopo Belt to be identi-
fied as an interesting natural laboratory for the study of 
geochronometers.
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Existing geological evidence for an important 
Proterozoic tectono-metamorphic event in the Cen-

tral Zone of the Limpopo Belt

The Bulai Pluton

Traditionally, plutons have been used as primary time 
markers in tectonic provinces because they can be char-
acterised as pre-, syn- or post-tectonic and can be dated 
by conventional methods. However, the differentiation 
between syn- and post-intrusive structures is difficult 
because “retrograde” textures (originating from tecton-
ism that was active during cooling and crystallisation 
of the pluton) can look similar to “prograde” textures 
(which are produced during a high grade tectono-meta-
morphic overprint). The review of literature relevant to 
this subject confirms that structural arguments are often 
ambiguous (Paterson et al., 1989; Paterson, 1989; Karl-

strom, 1989; Castro, 1987; Blumenfeld and Bouchez, 
1988). Within the CZ, the Bulai pluton, situated W of 
the town of Messina, has provided such a time marker. 
Earlier whole rock age determinations for the Bulai Plu-
ton (2.63 ± 0.06 Ga, van Breemen and Dodson, 1972, 
recalculated for λ87Rb = 1.42 x 10-11/yr, and 2.65 0.09 
Ga, Barton et al., 1979) overlapped in error with the zir-
con U-Pb age of the Matok intrusion (2.67 Ga, Barton 
et al., 1992), which has been used to date the tecton-
ism between the SMZ and the Kaapvaal Craton. The 
postulated tectono-metamorphic event was called the 
Limpopo Orogeny (Barton and Van Reenen, 1992a). 
The Limpopo Belt was considered as the product of a 
continent-continent collision at ca. 2.65 Ga. Within this 
context the Bulai Pluton was thought of as a “late syn-
tectonic” intrusion, its age was the only one in the CZ 
which fitted with the postulated Limpopo Orogeny.

Barton et al. (1994) produced a U-Pb zircon age of 

Holzer, Kamber, Kramers and Frei

130



2.57 Ga for the Bulai Pluton. This age must be regarded 
as the most precise and accurate age for this magmatic 
body. This zircon age is 100 Ma younger than the zircon 
age of the

Matok intrusion (mentioned above). Thus time mark-
ers can be resolved, and the Bulai Intrusion is post-tec-
tonic with regard to the 2.67 Ga event, in which the 
SMZ was thrust onto the Kaapvaal Craton, as docu-
mented and dated in the Matok area. It follows that any 
tectonism and thermal events affecting the Bulai pluton 
must belong to a later episode, separate from this 2.67 
Ga SMZ-Kaapvaal tectonism. Features of the structural 
and metamorphic geology of the Bulai and its environs 
are described by Barton et al. (1994); they comprise the 
following observations:

The intensity of deformation within the Bulai Pluton 
is very heterogeneous, but generally gneissic fabrics 
prevail. These planar fabrics are defined by the orienta-
tion of plastically deformed feldspar, quartz and biotite 
and therefore they cannot be a magmatic flow texture. 
The mapping of the area (see Fig.  2) has shown that the 
Pluton was deformed along with the dominant regional-

scale structures. The gneissic foliation can be followed 
through the contact to and within the host rock. The 
intrusion thus clearly predates this first post-intrusive 
ductile deformation (DB1).

At least one further deformation (DB2) locally 
transects and obliterates the DB1 fabric: the gneissic fo-
liation, and minor crosscutting mafic and felsic dykes, 
have been folded and refolded, producing structural 
interference patterns. Big ductile shears crosscut the 
gneissic fabric. Locally sets of subparallel shear zones 
define a shear belt which may reach up to 1 km in width. 
These shear zones may show crosscutting relationships 
among each other, but can in places also appear coeval, 
producing an anastomosing pattern. Particularly the 
N-S striking ductile shear zones have a large vertical 
displacement component. Within all shear zones of this 
family, ductile folding is seen in the gneissic banding of 
the Bulai rocks.

The Bulai granitoid itself locally shows anatectic fea-
tures. Particularly in the shear zones, undeformed leu-
cosomes can be observed. In some areas melt became 
mobilised and small undeformed granitic bodies, up to 
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several hundred meters in diameter, intruded the Bulai 
Pluton. These leucogranites crosscut the DB1 and DB2 
foliations and shear zones.

These observations are in good agreement with the 

detailed structural investigations from Watkeys et al. 
(1983) and from Watkeys (1984). However, these au-
thors interpret the deformations and the partial melting 
in the Bulai pluton as retrograde features of a single PT 
loop, which therefore should have lasted over 1 Ga. In 
contrast we interpret these observations as strong indi-
cation for a distinct tectono-thermal event which took 
place in its entirety after the Bulai pluton was consoli-
dated at ca. 2.57 Ga. The effects of this event can be 
seen to extend much beyond the pluton itself into its 
host rocks, and with reference to the pluton age, a set 
of important large- and medium-scale structures pre-vi-
ously noted in the CZ can thus be regarded as Protero-
zoic:

Watkeys (1984) describes the large Shanzi- and 
Campbell fold structures (see Fig. 2) as products of de-
formations which postdate the Bulai intrusion (Watkeys 
D3: F4 and F5 folding). We interpret these large-scale 
fold structures in good agreement with Watkeys (1984) 
as refolded folds, affected by DB1 and DB2. Within the 
Shanzi structures indicators of the DB2 shear sense show 
thrusting to the ENE. This movement was indirectly dat-
ed: Pb-Pb ages of syntectonic, aligned garnets (Kamber 
et al., 1995, sample 92/137) indicate their crystallisa-
tion at 2006 ± 44 Ma. The corresponding cooling path 
is documented by Rb-Sr biotite ages around 1.97 Ga in 
the whole central zone (Barton et al., 1992b) and Rb-Sr 
dates on retrogressive muscovites which give ages be-
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tween 1.92 and 1.90 Ga (Barton et al., 1994).
The style of these regional-scale structures differs 

from other structures because of different lithologies 
and thus different rheological behaviour. The well lay-
ered sequences contain incompetent quartzite and com-
petent ultramafic rocks. In addition, small portions of 
melt were present during the deformations. The high 
competence contrasts in the lithological sequences of 
the Campell and Shanzi structures enabled plastic de-
formation and therefore much higher strain rates and 
larger finite deformation occurred. This affected the 
deformation within the Bulai rocks found adjacent to 
these big fold structures. There we find highly ductile 
penetrative planar fabrics and shear zones, refolded 
folds, crenulations and circular structures (see Fig.  2).

These observations lead to the conclusion that the 
whole region around Messina was affected by a Prot-
erozoic tectono-thermal event. Other classical localities 
in this region must be reviewed in the light of the new 

data, e.g. the youngest ductile shear zones in the San-
driver Gneisses with their spectacular sheath folds may 
be considered as coeval with the tectonism described 
above.

Metamorphic studies on CZ rocks (Horrocks, 1983; 
Chinner and Sweatman, 1968; Harris and Holland; 
1984; Droop, 1989; Windley et al., 1984) have shown 
that the last major event in the CZ was characterised by 
high pressure (up to 11 kb) and rapid decompression. 
Together with the field observations summarised above, 
this leads to the conclusion that the post-Bulai tectono-
metamorphic event was this same major high pressure 
episode. This is in agreement with the results of Kamber 
et al. (1995) on the Triangle shear zone, which showed 
that the high pressure (up to 10 kb) paragenesis there 
was formed at 2 Ga.

Proterozoic activity of the Palala shear zone

The sinistral strike-slip Palala shear zone is regarded 
as the boundary between the CZ and the SMZ. Mc-
Court and Vearncombe (1987) describe the following 
relationship: 50 km NE of Ellisras, Northern Transvaal, 
a portion of this shear zone cuts through rocks belong-
ing to the Bushveld Igneous Complex dated at 2.05 Ga, 
showing that at least some movement along the Palala 
shear zone postdates this age. The mylonites at this lo-
cality show greenschist facies metamorphic conditions, 
which may not apply to the whole of the Palala shear 
zone. The question about the southwards extension of 
high grade conditions in the CZ at 2 Ga therefore re-
mains open.

New geochronological evidence for a 2 Ga 
event in the CZ

Age determinations on garnet-bearing parageneses 
and monazites from the CZ

Following the reporting by Kamber et al. (1995) and 
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Barton et al. (1994) of ca. 2 Ga garnet and 1.92 Ga mus-
covite ages from Mt. Shanzi, we have selected eight 
samples from lithologies in and around the Bulai Pluton 
for garnet Pb-Pb dating. Four of these also contained 
suitable quantities of monazite. Garnet and monazite 
are both documented as retentive for the U-Pb system 
even under high grade metamorphic conditions (Burton 
et al., 1993; Parrish, 1988); a complete “resetting” of 
either chronometer is seen as implying recrystallisation 
and thus a significant metamorphic event.

Sample localities are shown in Fig. 2, and sample 
descriptions are given in the appendix. They include 
three pelites, one calcsilicate, three quartzo-feldspathic 
gneisses (including a Singelele “granite” sample) and a 
leucosome. Grt-fsp and grt-sil parageneses were chosen 
for determination of Pb-isotopic compositions. With 
regard to strain the samples vary widely, from macro-
scopically undeformed granites (e.g. 93/050) to strong-
ly deformed gneisses (93/116). In the undeformed rocks 
no textural evidence for disequilibrium between garnet 
and feldspar can be observed. In the deformed rocks 
both minerals define the same structures (e.g. linea-
tions), indicating dynamic recrystallisation of garnet 
and feldspar at the same time. These observations justify 
the assumption that feldspar and garnet (or sillimanite 
and garnet respectively) are in equilibrium with respect 
to their isotopic Pb compositions. Analytical methods 
and calculation of errors on two point Pb-Pb ages are as 
described by Kamber et al. (1995).

The results are presented in Tables 1 (monazites) and 
2 (garnet parageneses). For the monazites, the common 
Pb correction was largely uncritical but the feldspar 
data from the same samples were used. The garnets are 
highly variable both in their Pb content (as judged from 
the Pb signal size) and their isotopic compositions. 
Most are quite unradiogenic, resulting in fairly impre-
cise ages, but sample 93/167 has the most radiogenic Pb 
ever measured in a garnet, giving a small error of 6 Ma. 
The monazites show both positive (up to 30% and nega-
tive (up to 25%) discordance and the 207Pb/206Pb age er-
rors are correspondingly asymmetrically enlarged. The 
apparent 207Pb/206Pb ages are considered maxima where 
the discordance is negative, and minima where it is pos-
itive. The uncertainty is based on the experience with 
zircon populations that real or virtual lower concordia 
intercepts for Archaean and lower Proterozoic regions 
without later orogenies have apparent lower concordia 
intercepts between 0 and 600 Ma.

The apparent ages vary, and rather than defining dis-
crete clusters, they are spread out over a range with a 
minimum of 2.0 Ga, clearly populated by some precise 
dates, and a less clearly defined maximum around 2.6 
Ga. Samples 93/050 and 93/070 show complete reset-
ting of the chronometers at 2.0 Ga (although the error 
is very large). This indicates new growth or full recrys-
tallisation of both garnet and monazite. The abundance 
of monazite in these samples explains the unradiogenic 
nature of the garnet. Likewise, the garnet of 93/167 

grew or recrystallised at 2 Ga and, as its Pb is so radio-
genic, this result is not affected by arguments concern-
ing original isotopic equilibration with the feldspar. The 
age results on these three samples thus clearly confirm 
the importance of the 2.0 Ga metamorphic event in the 
Messina area of the CZ.

The apparent ages obtained on the other samples are 
higher than 2 Ga. This qualitatively confirms the high 
retentivity of the U-Pb system in both garnet and mona-
zite during high grade metamorphism if no recrystalli-
sation takes place. The results are interpreted as “mixed 
ages” resulting from partial recrystallisation or over-
growth of parageneses inherited from one or more ear-
lier metamorphic events. The oldest apparent age is the 
2633 Ma result on the monazite of 93/035. This clearly 
predates the Bulai intrusion. Further, the result is 30% 
positively discordant, therefore indicating a minimum 
actual age with a large upper error range of 230 Ma 
(see Table 1). The group of apparent ages larger than 2 
Ga, particularly the 93/035 monazite, merely helps to 
establish a lower age limit of ca. 2.64 Ga for the earlier 
metamorphism in the CZ.

Apparent ages, structures and textures: 
Concurrences and a paradox

If the notion that mixed ages in the garnet and mona-
zite U-Pb systems indicate partial regrowth or recrystal-
lisation is correct, then agreement with textural obser-
vations could be expected since PT conditions should 
not have varied much over the sampling area of ca. 10 
km radius. In sample 93/167 a Pb-Pb age of 2011 ± 6 
Ma is given by garnet which builds atolls around plagi-
oclase. These undeformed aggregates of garnet postdate 
the strong gneissic foliation. Sample 93/116, which has 
a very strong down-dip lineation, gave mixed apparent 
ages for both garnet and monazite. Fig.  3 shows the 
texture of this sample. While quartz and feldspar ap-
pear fully recrystallised in the lineation, garnet exists as 
strings of broken grains, showing its pretectonic charac-
ter, with which its mixed apparent age of 2264 ± 41 Ma 
is in agreement. Samples 93/035 and 93/093, although 
from outcrops with localised shearing associated with 
DB2, are themselves not sheared; the relatively high ap-
parent ages for monazite (035) and garnet (both sam-
ples) are in accord with this observation. For monazite 
no textural checks could be made, but for the garnets 
of 93/035, 93/093, 93/167 and 93/116 the textural data 
concur with the apparent age data, and from the com-
parison between 93/167 (melt present, undeformed, 
2 Ga ages) and 93/116 (no melt, strongly deformed, 
mixed age) it appears that the presence of some melt 
may be an important factor aiding recrystallisation or 
regrowth of monazite and garnet and thus age resetting. 
Pelite samples 93/048 (from a xenolith within the Bu-
lai intrusion) and 93/072a, have metamorphic textures 
which are certainly (93/048) and probably (93/072a) 
pre-Bulai, and their mixed garnet-feldspar ages are not 
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in conflict with this.
The apparent ages on sample 93/050, however, present 

a puzzle. This sample was taken from pre-Bulai Singe-
lele granite (older than 2.9 Ga, Barton et al., 1979), at a 
locality with the least apparent disturbance by post-Bu-
lai tectonism, specifically to try and “capture” the age 
of a pre-Bulai event. The lithological relationships in 
outcrop are shown in Fig. 4, from which it is apparent 
that the intrusive contact of Bulai into Singelele is quite 
undeformed. Further, no evidence of post-Bulai melting 
is present in this outcrop. Yet both the monazite (2104 
+ 0.8/-90 Ma) and the garnet paragenesis age (1938 ± 
275 Ma) of this sample are fully or almost fully reset 
by the 2 Ga event. In the pelitic sample 93/070 there is 
likewise no evidence of late melting, yet its monazite U 
-Pb age is 1989 +0.7/-50 Ma and the garnet - feldspar 
age is also young, albeit with a very large error. Thus 
neither textural criteria, nor lack of evidence of melt 
during a high grade event can provide a fully realistic 
assessment of whether recrystallisation of garnet and 
monazite occurred.

Perspective on the 2 Ga event in the Northern 
Marginal Zone

Whole rock Rb-Sr and zircon U-Pb dates from the 
“North Marginal Transition Zone”

Up to 20 km to the north of the Triangle shear zone, 

WSW-ENE striking uplift structures occur in the south-
ern part of the NMZ. Amphiboles grown in associated 
lineations were dated at 2 Ga (Kamber et al., 1995). 
This zone was named the Transition Zone by Rollinson 
and Blenkinsop (in press, see Fig. 1). It is largely situ-
ated in partly migmatitic biotite gneisses with amphi-
bolite rather than granulite facies parageneses. Sheet-
like bodies occur along its northern side. In outcrop 
pattern these are similar to the Razi granites which in-
truded along the NMZ-Zimbabwe Craton thrust 2.6 Ga 
ago (Mkweli et al., in press); however, unlike the Razi 
Granites they do not contain hornblende, and are locally 
deformed and migmatised. The Transition Zone and the 
NMZ-Zimbabwe Craton thrust zone thus differ not only 
in age, but also in the character of the granites. In an 
attempt to constrain the extent and effect of the 2 Ga 
event in the NMZ, biotite gneisses from the Transition 
Zone, leucosomes within them, granites belonging to a 
sheet-like intrusion forming the southernmost range of 
dwala-type hills in Zimbabwe, and a migmatite on the 
boundary of the granites and the biotite gneisses, were 
sampled along the Mwenezi River, 2-4 km NW of Dine 
Mission, for whole rock Rb-Sr dating; a granite and a 
migmatite sample were further selected for zircon U-Pb 
dating.

Sr isotope analyses were done as described in Mk-
weli et al. (in press); Rb and Sr concentrations were 
determined by isotope dilution. The results of the Rb-Sr 
analyses are presented in Table 3 and plotted in Fig. 5. 
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Although the data do not define an isochron (which is 
common for Archaean crustal rocks if Sr isotope ratios 
are measured precisely) there are no obvious individual 
outliers and the 12 samples yield a well defined age of 
2587 ± 38 Ma with a rather high initial ratio of 0.704± 
0.00 1. Both results are indistinguishable from those 
obtained on a mixed suite of granites and enderbites 
from near the NMZ-Zimbabwe Craton thrust (Mkweli 
et al., in press).

The linear array comprises data from very diverse 
samples. The small-scale (ca. 10 cm wide) garnet-bear-
ing leucosomes (exsudations) within biotite gneisses 
are on the whole the most radiogenic, and we can be 
confident that the ca. 2.6 Ga apparent age is that of 
their formation. While it is possible that the enderbit-
ic gneiss, collected from the N side of the granite, is 

somewhat older than the apparent errorchron age (it is 
very unradiogenic), the Rb-Sr whole rock method can 
in this situation not resolve age differences between the 
event producing the biotite gneisses, the intrusion of the 
granite, and the exsolution of the leucosome veins and 
patches from the biotite gneiss, which must therefore 
all have occurred within an 80 My time span. The data 
do not show any indication that the 2.0 Ga event has 
affected these rocks.

Granite sample 93/108 and migmatite sample 93/109, 
the Rb-Sr data for both of which plot on an errorchron 
array, yielded 4 and 5 zircon fractions respectively as 
listed in Table 4. The zircons from the granite are all 
violet and rounded; size was the only discriminating 
criterion. In contrast, the migmatite yielded a popula-
tion mixed with respect to colour, degree of metamicti-
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sation, and crystal habit.
The results, presented in Table 4 and Figs. 6 and 7, 

show a puzzling picture. The 4 size fractions of granite 
93/108 plot ca. 50% discordantly with little spread but 
good colinearity, defining a lower intercept consistent 
with subrecent lead loss and an upper intercept of 2363 
± 44 Ma. The good colinearity of the array makes it 
unlikely that it could be interpreted as resulting from a 
partial 2.0 Ga lead loss from older zircons, followed by 
subrecent lead loss. Further, the grains show no sign of 
any overgrowths.

The five fractions from the mixed population in 
migmatite 93/109 mostly have low U concentrations. 
They yielded relatively unradiogenic 206/Pb/204Pb ratios 
an corrections were made with feldspar lead from the 
same rock. The violet, elongate, large grain size frac-
tion plots near-concordantly at ca. 2315 Ga, the others 
are strongly discordant. The cream coloured elongate 
fraction is strongly metamict and shows extreme inverse 
discordance (U loss, probably subrecent). The close 
clustering of the two violet coloured elongate fractions 
with the high-U, red tabular one is remarkable; regres-
sion with all data yields an upper intercept of 2201 ± 36 
Ma but a negative lower intercept, showing that this ap-
proach is unrealistic. Also, the near concordant fraction 
does not lie on the line. If the metamict and reverse dis-
cordant fraction is ignored, an upper intercept of 2266 + 
94/-71 Ma and a lower intercept of 72 ± 250 Ma result. 
With this approach the zircon apparent ages of samples 
93/108 and 93/109 are within error of each other and 
indicate an event around 2.3 Ga which is totally unre-
corded in the whole rock Rb-Sr systematics. A similar 
problem has been encountered within enderbites of the 
NMZ at Bangala Dam by Berger et al. (submitted), who 
found a zircon age of ca. 2.4 Ga in rocks dated at 2.89 
Ga by whole rock Rb-Sr . (Hickman, 1978).

No tectonic episode is recorded around 2.3 - 2.4 Ga 
in the NMZ and the intact Rb-Sr systematics render a 
magmatic event highly unlikely. While the significance 
of these zircon ages is not understood, it is important to 
note that in the Dine Mission area neither Rb-Sr whole 
rock ages, nor zircon ages show any hint of a relation 
to the 2.0 Ga event. Nevertheless, texturally selected 
hornblendes from the same region, which were dated 
at 2.0 Ga by Ar-Ar, crystallised under high amphibolite 
facies conditions (Kamber et al., in press). The lack of 
resetting of the other systems at 2.0 Ga may mean that 
no melting took place at this time and the circulation of 
fluids was minimal.

An overview and discussion of available age infor-
mation from the Limpopo Belt

In Fig.  8 all available age data with a clearly defined 
geological meaning (e.g. dating magmatism or dating 
cooling after a thermal event) for the three zones of 
the Limpopo Belt and the Belt as a whole are shown in 

histogram form. The graph for the NMZ includes data 
from the Triangle shear zone and the Transition Zone. It 
shows clear peaks at 2.6 Ga, corresponding to the NMZ-
Zimbabwe Craton thrusting and the ages of many NMZ 
chamoenderbites, and at 2.0 Ga, which is the time of 
high grade metamorphism and tectonism in the Triangle 
shear zone. There is a considerable number of garnet 
parageneses and zircon dates between 2.6 and 2.0 Ga, 
the former being possibly mixed ages and the latter of 
uncertain significance. Qualitatively, the picture for the 
SMZ is not dissimilar, but here the 2.0 Ga event is as 
yet documented almost exclusively by biotite Rb-Sr 
cooling ages. Also, a longer pre-2.6 magmatic and even 
metamorphic history than in the NMZ is in evidence.

The CZ appears quite distinct from the Marginal 
Zones in that there is no abundance peak around 2.6 Ga. 
Magmatic ages go back to the early Archaean, whereby 
some are problematic: the 3.8 Ga Rb-Sr age for the Sand 
River Gneisses (Barton et al., 1983) is not confirmed by 
Nd model ages and zircon dates of 3.2 Ga (Retief et al., 
1990; Harris et al., 1987). Metamorphic paragenesis 
ages range from 2.6 to 2 Ga, with all dates older than 
2.0 Ga probably being mixed ages as discussed. The 2 
Ga event is chiefly documented by biotite data (Barton 
and Van Reenen, 1992b), along with garnet paragenesis 
and monazite ages presented in this paper.

From this summary view, the common history of the 
different zones of the Limpopo Belt appears to be lim-
ited to the 2.0 Ga event. This episode, which may have 
been of a collisional nature with transpression (Kamber 
et al., 1995 and in press), produced high grade, high 
pressure metamorphism in the CZ and the adjacent part 
of the NMZ (Transition Zone), representing a 100 km-
wide zone across strike. The zone of reheating to at least 
low grade (as documented by the biotite ages) is over 
300 km across strike, from craton to craton. The effects 
of the 2.0 Ga tectono-metamorphism in the Limpopo 
Belt are thus not only intense, but are found over an 
area of enormous geographical extent. Yet, virtually no 
magmatism occurred localised small-scale melts such 
as observed in the Bulai granitoid and its host rocks (see 
above) represent the only crustal anatexis associated 
with the 2.0 Ga event. This remarkable apparent para-
dox has to be taken into account in constructing models 
for this important episode.
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Appendix: Sample descriptions.

Sample No 93/035 Quartzo-feldspathic Gneiss
Locality: On farm “Proefplaas Messina”, 2.5 km 

north of the farmhouse. This leucocratic orthogneiss 
contains pelitic xenoliths and is partially remolten and 
in parts intensely sheared.

Mineralogy: biotite-, hypersthene- and garnet-bear-
ing plagioclase-quartz-K-feldspar-gneiss.

Texture: The sample itself is unsheared. The mafic 
clusters consisting of poikiloblastic garnet, hypersthene 
and biotite are set in a matrix of medium-grained feld-
spar and quartz. Garnet has inclusions of feldspar and 
quartz. Hypersthene is strongly altered. Biotite over-
grows all phases and might thus be the latest mineral 
phase.

Sample No 93/048 Pelitic xenolith within the Bulai Plu-
ton, containing rectangular sillimanite-rich aggregates

Locality: On farm “Proefplaas Messina”, 1.5 km NE 
of the koppies “Three Sisters”.

Mineralogy: “Sillimanite-rich aggregates”: rutile-, 
spinel-, magnetite-, biotite-bearing garnet-cordierite-
sillimanite clusters.

Texture: The rectangular sillimanite-rich aggregates 
are up to 1 cm in diameter. They consist to 90% of per-
fectly oriented sillimanite needles with minor cordier-
ite, garnet and biotite. The perfect rectangular shape 
indicates a pseudomorphism after an older mineral. A 
possible mineral of similar shape which is aluminium 
rich and which contains Fe and Mg is staurolite. The 
garnet-cordierite-sillimanite parageneses could thus 
document the prograde breakdown of staurolite. These 
rectangular aggregates are embedded in a fine-grained 
metapelitic matrix of cordierite, biotite, garnet and silli-
manite. The gneissic texture of this matrix flows around 
the pseudomorphic sillimanite nests.

Sample No 93/050 Singelele Granite
Locality (see also Fig. 4): On farm “Proefplaas 

Messina”, 1 km N of the koppies “Three sisters”, unde-
formed contact between the Bulai Pluton and the older 
Singelele Granite.

Mineralogy: magnetite- and biotite-bearing garnet-
plagioclase-quartz-K-feldspar-gneiss.

Texture: The grains of this coarse K-feldspar-rich 
rock are randomly oriented. Mafic clusters consist of 
round garnet in various grain sizes. Rare and fine biotite 
flakes overgrow all other phases.

Sample No 93/070 petite
Locality: On farm Tuinbou, 0.5 km east of the dam, 

50-m-thick aluminium-rich pelitic layer.
Mineralogy: rutile-, tourmaline- and magnetite-bear-

ing plagioclase-garnet -sillimanite-cordierite- biotite-
quartz-gneiss.

Texture: The fine-grained layers have a strong gneis-
sic texture due to the orientation of biotite and silliman-
ite, which are set in a matrix of cordierite and quartz. 
The coarser grained layers are less foliated and con-
sist of more quartz and cordierite and less sillimanite 
and biotite. Cordierite shows strong pinitisation and 
myrmecitic intergrowth with quartz. Round garnet 
grains occur in this coarser matrix. They have many in-
clusions of biotite, sillimanite, quartz and feldspar and 
are often rimmed by cordierite.

Sample No 93/072 a petite
Locality: On farm Tuinbou, 1.5 km east of the dam 

and 1 km south of the Limpopo River, 30-m-thick alu-
minium-rich pelitic layer.

Mineralogy: magnetite-bearing sillimanite-biotite-
plagioclase-garnet -quartz-cordierite-gneiss.

Texture: This rock shows metamorphic banding: In 
bright, greenish layers medium-grained cordierite is 
predominant, whereas in darker layers fine-grained bi-
otite and garnet are frequent. Garnet has many inclu-
sions of anhedral quartz, biotite and small needle-like 
sillimanite and is usually rimmed by cordierite. Thin 
prisms of sillimanite are intergrown with biotite, both 
laying in a matrix of cordierite. This poikiloblastic 
cordierite shows strong pinitisation.

Sample No 93/093 Garnetiferous Leucosome
Locality: On farm “Proefplaas Messina”, in the Sout-

sloot, 3.5 km NNE of the koppies “Three Sisters”. This 
leucosome occurs in a quartzo-feldspathic gneiss and it 
is oriented subparallel to the gneissic foliation. A steep 
shear zone crosscuts the leucosome.

Mineralogy: magnetite-, hornblende-, hypersthene 
- and biotite-bearing plagioclase-garnet-K-feldspar-
quartz gneiss.

Texture: In this pegmatoid rock the minerals are 
randomly oriented. The coarse-grained leucocratic do-
mains consist of quartz, polygonal shaped K-feldspar 
and minor plagioclase. The mafic domains are very het-
erogranular: round garnet grains of different sizes and 
with different amounts of biotite, quartz and feldspar 
inclusions prevail. Less abundant and finer grained are 
orthopyroxene, green hornblende, magnetite and bi-
otite. Around and within these mafic domains, quartz 
and feldspar are very fine grained.

Sample No 93/116 Quartzo-feldspathic Gneiss
Locality: On farm Tuinbou, 1.5 km east of the dam 

and 0.6 km south of the Limpopo River.
Mineralogy: garnetiferous quartz-K-feldspar-gneiss. 

Texture (See also Fig. 3): This rock shows a strong 
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down-dip lineation with azimuth and dip of 178/62. The 
elongated quartz grains are more than 1 cm long. Also 
the coarse K-feldspar is recrystallised and well orient-
ed. Garnet exists as strings of broken grains surrounded 
by finer grained feldspar and quartz.

Sample No 93/167 Calcsilicate-rock
Identical rocks from this locality were sampled and 

analysed by Watkeys (1984, Sample MWCS 13a, p. 
292).

Locality: 4 km NW of Messina, NE-side of Mount 
Shanzi, calcsilicate “enclave” in a felsic shear zone, 
close to the contact between the Bulai Gneiss and the 
overlaying quartzo-feldspathic gneisses.

Mineralogy: magnetite/ilmenite-, apatite and K-feld-
spar-bearing titanite-quartz- ferroaugite-garnet -plagi-
oclase gneiss.

Texture: The gneissic aspect is given by composi-
tional banding. The mafic bands consist mainly of titan-
ite, clinopyroxene, garnet and plagioclase. Garnet oc-
curs as atolls around plagioclase or as thin rims around 
clinopyroxene. Where garnet forms coarse grains it has 
inclusions of clinopyroxene and titanite. The felsic ma-
trix of this rock consists mainly of polygonally shaped 
plagioclase. In some domains the plagioclase rims show 
myrmecitic textures. Titanite and clinopyroxene are ob-
served as inclusions within the feldspar. Plagioclase 
also occurs as rims around the ore minerals.
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