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Geology 314

Prac 9: The Bushveld layered complex : in-situ differenciation vs. magma mixing.
1. General presentation

The Bushveld complex is, by far, the largest layered mafic intrusion in the world. It is about 300-400 km wide and 5-10 km thick, and forms a sill intrusive mostly into the Transvaal group sediments. 

Four main units, or groups, are recognized in the complex, allowing to define a regional stratigraphy (Fig. 1):

1) The lower zone (discontinuous, up to 1 km thick) is mostly made of ultramafic cumulates (peridotites and pyroxenites), with subordinates norites and gabbros;
2) The critical zone (ca. 1 km) is strongly layered, and shows numerous “magmatic cycles”, rangind from pyroxenites to norite to anorthosite, with occasional chromitite layers. The top most portion of the critical zone  (or lowermost of the main zone) is PGE-rich, and is called the “Merensky reef”.

3) The main zone (ca. 4 km) is made of a thick, monotonous sequence of gabbro-norite;

4) The upper zone (1.5 km) is layered and evolves upwards from norites to gabbros, diorites and minor felsic intrusives.

The overall trend towards more differentiated rocks upwards is evocative of closed-system magma differentiation, by fractional crystallization, leaving a succession of cumulates at the bottom of the magma chamber. On the other hand, the sheer size of the complex, together with other chemical evidence discussed below, suggest that the Bushveld probably evolved by the accretion of successive batches of magma. The aim of this prac is to investigate the merits and the flaws of both models, and to discuss the relative roles of magma mixing vs. in-situ differentiation.
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	Figure 1: Synthetic “log” in the Bushveld complex, showing the evolution of mineral compositions (Eales and Cawthorn, 1996
)




2. Evidencing the differentiation
2.1. Thin sections and phase relations
Study the thin sections from the sets identified as “Lower & Critical zones” (sets 1, 1b, 2, 3 and 4). Sections from these set belong to 4 main groups, and sections within a set show similar features – you should therefore study one in detail and maybe have a quick look at he others to conform your observations.

Briefly describe the sections; identify the minerals and discuss the order of crystallization. You do not need to spend a long time on each sample!

Using the Fo-En-qz phase diagram (Figure 2), arrange the different groups in logical order and explain how the samples relate to each other
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	Figure 2: Fo-En-SiO2 ternary phase diagram.




Figure 1 is a stratigraphic sequence across the whole Bushveld complex. You notice that olivine reappears at the top of the sequence (top of the upper zone).

How does this olivine differ from the one that was observed in the lower zone?

Use the diagram Fig. 3  to interpret this result.
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	Figure 3: Forsterite-Fayalite-Silica phase diagram


2.2. Geochemistry

Figure 4 shows the composition of different types of rocks from the Critical and the main zone. Consider first the critical zone samples. Using the mineral compositions of table 1, explain how the chemical trends observed in the Critical zone can relate to the fractionation history you’ve established previously.
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	Figure 4: Major elements composition for samples from the critical zone (squares) and the main zone (stars). Data from J. Miller (pers. Com) and Nex et al. 2002
.
(The corresponding data file is on the course web site)


Table 1: Typical major elements composition (wt% oxides) for major minerals from the critical & main zones of the Bushveld complex.
	
	Plagioclase
	Orthopyroxene
	Olivine

	SiO2
	53
	56
	38

	Al2O3
	28
	1
	0

	CaO
	13
	1
	0

	MgO+FeO
	<1
	41
	58


3. Evidences for magma mixing

3.1. Thin sections

Now turn to sample set 5 (“main zone”). As above, quickly describe the samples and discuss the order of crystallization. Compare to your conclusions from the critical zone: what is the main difference? What is the implication of this in terms of phase relations and magma composition?
3.2. Geochemistry

Going back to figure 4 and table 1, relate the composition of the rocks in the Main zone with your conclusion above.

3.3. Isotopes

Figure 5 shows the initial Sr ratio (recalculated at the time of magma emplacement, i.e. at 2.06 Ga) across the Bushveld. Which of the two models (in-situ differentiation vs. magma realimentation and mixing) does it support?

3.4. Magma cycles, chromites

Figure 6 is a photo taken in the top of the critical zone (unit UG3 on farm Mandaagshoek, near Burgersfort). The unit A in the photo corresponds to samples from set 4; unit B corresponds to set 6 and unit C to set 1b.

Explain why simple fractional crystallization cannot explain these features.

Use figure 7 to explain how the formation of unit B can be interpreted as evidence for magma mixing.

4. Conclusion: a global model?

Summarize the information gathered in the previous questions, and briefly (i.e < ½-1 page of text and 1-2 figures) discuss the relative importance of the two processes –fractional crystallization or magma mixing—for the evolution of the Bushveld complex.

Appendix – Sample sets

Lower & critical zones

Set 1

K442

Set 1b

K100, F190

Set 2

E663; L299

Set 3

F174; H621; F189; F176; F173; H606; H638

Set 4

K98; F178

Main zone

Set 5

F175; H784; K97; H642

Upper critical zone (chromites)

Set 6

K204 ×2 ; H633
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	Figure 5: Evolution of the Sr initial isotopic ratio (recalculated at 2.05 Ga) along a vertical section in the Bushveld complex (Eales and Cawthorn, 1996)
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	Figure 6: Outcrop of UG3 chromite, farm Mandaagshoek, near Burgersfort (MP)


	[image: image9.jpg]<0

Lig + Opx

40
30
Opx M Lig + Chromite
20
10L
Liq + Ol
. 0.4 0.8 12 16 —

Ol ' ' ' ' To chromite




	Figure 7: Silica-Forsterite-Chromite phase diagram. Note that the scale on the chromite axis is hugely distorted, to make the fields on the left actually visible on the diagram.
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