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•Did the Sand 

River Gneisses 

form by slab 

melting or 

melting of the 

overlying 

mantle wedge?

•TTG and 

adakite

•Review its 

post-

emplacement 

history



New information

presented here derives

from the Diploma thesis

of the first author

Thesis also dealt with 

the Messina Layered

Intrusion and the

Singelele Gneiss

Age data:  Zeh et al., 

2007; 2008; 2009, 

2010a; b; Millonig et al., 

2010 and unpublished



The Sand River Gneisses are exposed approximately 

10 km east of Musina in the Beit Bridge Terrane of the 

Central Zone of the Limpopo Belt



The Sand River 

Gneisses intrude 

the paragneisses

of the Beit Bridge 

Group and the 

orthogneisses of

the Messina 

Layered Intrusion

Watkeys, 1983



Sand River Gneisses

Grey, charnoenderbitic to 

charnockitic phase 3.27 Ga

Leucocratic, enderbitic phase 

3.27 Ga

Lu-Hf age:  3.6 Ga, i.e. some 

zircon derived from an older 

crustal lithology

3.4 to 3.91 Ga zircon grains 

identified within the surrounding 

quartzite

Condie and Aster, 

2009



Sand River Gneisses

Grey gneiss phase left and leucocratic 

phase above

Leucocratic minerals:  quartz + 

plagioclase potassium feldspar

Mafic minerals:  biotite + 

orthopyroxene -- most K in biotite



Sand River Gneisses

•Calc-alkaline

•Metaluminous

•I-type



Intruding the Sand River 

Gneisses are Older and 

younger granitic leucosomes:  

3.06 Ga and 2.02 Ga relative to 

~3.0 Ga mafic dykes

Quartz + plagioclase + K-

feldspar biotite



Sand River Gneisses 

intruded the 3.36 Ga 

Messina Layered 

Intrusion

Sand River Gneisses 

were partially melted at 

2.02 Ga and the melt 

was sometimes remobi-

lized during deformation 

into veins of the 

younger leucosome



Sand River Gneisses

Partial melting at 2.02 Ga by 

vapor absent biotite breakdown

quartz + plagioclase + biotite = 

orthopyroxene + K-feldspar + 

granitic melt

Orthopyroxene is retrogressed

locally to biotite



The area around the Sand River Gneisses has experienced at least three

periods of high grade metamorphism, ~3.06, ~2.6 and ~2.04 Ga.  The ~2.6 

event is associated with widespread magmatism.

Barton et al., 2006



What Is New?

• Trace Element Modelling



The Samples of Sand River Gneisses And Leucosomes

That Were Analyzed For This Study For Trace Elements



Comparison of Sand River Gneisses With Adakite and 

TTG



For The Sand River Gneisses (Black): 

• Negative Nb, Ta and P and sometimes U, Th and Ti

• Positive Pb and in some cases Eu



In Addition For The Leucosomes (Red)

• Positive K and Eu

• Negative Th and U 



The high Pb concentration as well as the radiogenic nature of 

the Pb in the Sand River Gneisses strongly suggests that old 

(Hadean?) felsic rocks with large μ values formed part of the 

source of the Sand River Gneisses, i.e. crustal igneous rocks 

or pelitic sediments.  See Kamber et al. (2002; 2003)

Barton et al., 2006



After Martin (1986):  The solid field is for Archean TTG rocks and 

the dashed field is for post-Archean, arc-related, granitoids

Seubert, 2009



From Martin et al. (2005)

Sr/Y versus Y shows similarities to both high silica adakite and 

TTG

Seubert, 2009



Partial melting of amphibolite with hornblende or clino-

pyroxene but no garnet can explain the grey gneiss 

phase

Partial melting of amphibolite with garnet is necessary to 

explain the leucocratic gneiss phase

Rollinson, 1993



Seubert, 2009

Fractional crystallization of a magma of composition of the grey gneiss phase 

(a) and the leucocratic phase (b) can approximate the composition of the older 

and younger leucosomes



Seubert, 2009

But equally, partial melting of these lithologies can produce the leucosomes and 

partial melting was going on at least at 2.02 Ga 



Conclusions

The grey and leucocratic phases of the Sand River Gneisses have

chemical characteristics similar to  high silica adakites and TTGs 

respectively

Their origin may be explained by slab melting of a amphibolitic 

composition with interaction with mantle peridotite in a mantle wedge, 

i.e. their formation can be explained by plate tectonic mechanisms at 

3.26 Ga

The leucosomes may be explained by either fractional crystallization

of a magma of the composition of the Sand River Gneisses or, more 

likely, by fractional melting of the Sand River Gneisses during two 

distinct periods of granulite facies metamorphism, ~3.06 Ga and 

~2.02 Ga.  

No leucosomes related to the ~2.6 Ga magmatism related 

metamorphism have yet been identified in the Sand River Gneisses


