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The Bushveld Complex (BC) is renowned for hosting some of the largest concentrations of Cr, PGE and Fe-Ti-V on Earth. At around 3Ga the Southern African lithosphere was sufficiently rigid to support the development of widespread sedimentary basins. The BC was emplaced into the 2.2Ga Transvaal basin at 2.05Ga, and is central to the pervasive Bushveld Igneous Province (BIP) of the Kaapvaal Craton.  Of the several complexes comprising the BIP, only the BC is significantly mineralized: within the intrusive suite, the western, eastern and parts of the northern lobes are notable, and exhibit contrasts in stratigraphic sequences and mineralisation style.

We present new data on a 320-sample, base-to-top section through the eastern lobe of the BC, marginal rocks, and within examples of the four mineralization types, viz. marginal PGE-BMS mineralisation; chromitite layers in the Critical Zone (CZ), including the PGE-rich UG2 chromitite; PGE-BMS-rich Merensky Reef, and the magnetitite layers of the UZ, specifically Layer-21.  Data include PGE, REE, Sr- and Nd-isotopes, C+S analyses and 1-atm and 5-kbar melting experiments on marginal rocks considered representative of some Bushveld “U” and “A” magmas. The geochemical profile is used as a setting to review processes that may be unique to very large magma chambers, and thus give the BC its special character within the BIP.

Identification of the various magmatic groups has been made using REE and Sr-isotope data from layered rocks, their mineral separates and marginal rocks. The 3-group marginal classification stands scrutiny: the pyroxenitic, incompatible-rich, low Sri2050 (0.703-0.704) “B1” rocks are seen as representatives of the “U” magmatic lineage, and the petrologically- and isotopically-indistinguishable, micro-gabbroic “B2” and “B3” rocks are related to the “A” lineage with Sri2050 of around 0.707-0.708  New REE data confirm the separation of B2 and B3. The B2 rocks occur along the basal margin of the upper CZ, whilst the B3 series occur marginal to Subzone A of the MZ. Despite a superficial resemblance, B2 has ΣREE of ca. 66ppm, whilst B3 has only ca.14ppm. Both have similar but distinguishable low Eu* and shallow CeN/YbN. The marginal rocks therefore indicate the presence of at least three magma types, and their characteristic compositions can be used to track magma interactions in the layered series.

The Lower Zone (LZ) and MZ, which are barren of mineralization, have tight REE envelopes and relatively constant Sri2050. The Cr- and PGE-mineralized CZ that lies between has a wide REE envelope which is intermediate in character between LZ and MZ. The irregular upward increase in ΣREE, CeN/YbN, Eu* and Sri2050 through the CZ is interpreted as fossil evidence of addition of Eu- and Sri2050–rich “A” magma with plagioclase on the liquidus (B3-type). This hypothesis is consistent with 1-atm melting and mixing experimental work, but less convincingly with whole-rock sulphur and detailed isotope data through the UG2 and MR. In contrast, the REE patterns in the abundantly magnetite-mineralized UZ form two tight envelopes: the upper 1,000 metres containing cumulus apatite with ΣREE at 90ppm and the lower 1,800m with 13ppm. Despite this, Sri2050 is constant, suggesting that no fresh magma was added above the Pyroxenite Marker and magma mixing is less likely to have given rise to magnetitite layers than to chromitite. 

There is little doubt that batch magma addition is key to understanding the disposition and geometry of the mineralized sequences, and that geochemical disconformities map the evolution of the magma complex, and places are coincident with mineralisation.  What must be resolved is the sequence of the batch additions, the composition, and the relative position, viz: was it superposition, under-plating or a combination thereof?  From the geochemical evidence it can be concluded that preserved magma sequences that are now stratigraphically separate could have been parted by magma intruding sill-like into the density- and compositionally-stratified cooling magma.  

