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The megacryst suite at Monastery Mine is divided into two suites; the Main Silicate 
Suite and the Phlogopite Suite. Evolution of both suites was by simple fractional 
crystallisation from two distinct primary magmas. 

The Main Silicate Suite consists of the following assemblages; 
• Orthopyroxene (mg#<92) 
• Olivine-orthopyroxene-clinopyroxene-gamet 
• Olivineo.57-orthopyroxeneo.i9-clinopyroxeneo.o7i-gameto.i2-ilmeniteo.o5 
• Calciteo.6-serpentineo.35-ilmeniteo.05 

• Calcite0.95-ilmenite0.05-zircon0.0001. 

The presence of calcite and serpentine as inclusions in ilmenite is documented by 
Kirkley (1987) and their high modal abundance is inferred by Nb-Zr fractionation 
trends which show that ilmenite must be a minor component of fractionating 
assemblages (Moore et al., 1992). The absence of serpentine from the calcite- 
ilmenite-zircon paragenesis is shown by the increase in MgO content of ilmenite 
during fractionation of this assemblage. The absence of silicates from the calcite- 
bearing parageneses is inferred by increasing Cr in ilmenite during their fractionation. 

The Phlogopite suite consists of 
• Orthopyroxene (mg#>92) 
• Phlogopite-ilmenite 
• Phlogopite-olivine (mg#<83)-ilmenite-zircon. 

Assemblages coexisting with zircon were included in a single group (Group 2) by 
Moore et al. (1992) and the higher Mg content of ilmenite in the phlogopite-olivine- 
ilmenite-zircon paragenesis was attributed to the influx of new magma; here this 
paragenesis is simply regarded as the fractionated successor to the phlogopite-ilmenite 
paragenesis (Group 3 of Moore et al., 1992). 

High mg# orthopyroxene is included in the Phlogopite Suite because phlogopite has 
mg# 1 unit lower than coexisting orthopyroxene (Nixon and Boyd, 1973) so 
phlogopite, with mg# up to 91, could succeed orthopyroxene with mg# 92. 

Crystallisation of monomineralic orthopyroxene, without olivine, is difficult to 
explain if the melting assemblage is garnet lherzolite. The hypothesis offered here is 
that the melting assemblage contained sufficient kyanite- or coesite-bearing eclogite 
to drive the initial cumulate assemblage, normally expected to contain olivine, onto 
the eclogite thermal divide which separates silica-oversaturated assemblages from 
olivine-bearing assemblages. Crystallisation of monominerallic orthopyroxene is 
permissible in the plane of the eclogite thermal divide (O’Hara and Yoder, 1967). 
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Involvement of an eclogitic/pyroxenitic assemblage in the Monastery megacryst 
suites is supported by radiogenic Os in ilmenite (Carlson and Bell. 1997). More 
generally a mixed peridotite-eclogite mantle has been proposed in the source of 
oceanic magmas (Schiano et al., 1997 and refs, therein). Mantle inhomogeneity, on a 
scale of 8 km, is supported by seismic data (Hedlin et al., 1997). The major isotopic 
components of the mantle. DMM, EM2, EMI and HIMU (Zindler and Hart, 1986) 
could therefore be present in heterogeneous mantle plumes. The EM 1 signature is not 
prominent is South African Cretaceous kimberlites, so the genesis of the Monastery 
megacrysts is considered in terms of a rising plume containing DMM, EM2 and 
HIMU components. The HIMU component is considered to be volatile-rich because 
its presence enhances melting; Hanan and Schilling (1997) record that the higher the 
proportion of HIMU-like component, the higher the extrusion rate of lava, and 
Chauvel et al. (1992) calculated that the depth and temperature of melting was highest 
in HIMU rocks. 

The first melt extract from the Monastery plume provided the source magma for the 
Main Silicate Suite. Reaction between peridotitic DMM and eclogitic EM2 resulted 
in orthopyroxene crystallisation, prior to crystallisation of the usual mantle 
assemblage of olivine-orthopyroxene-clinopyroxene-gamet. Enhancement of Ti 
levels by the EM2 component brought ilmenite onto the liquidus. The volatile 
contribution from HIMU then led to calcite and serpentine crystallisation from 
highly fractionated magma. 

The rise of the plume was stalled by the subcontinental lithosphere. Fluxing of the 
hot plume by volatiles in the lithosphere, dominantly provided by phlogopite, 
generated a high mg# second-stage melt, parental to the Phlogopite Suite. The 
lithosphere contribution is manifested by high 87Sr/X6Sr ratios in phlogopite 
megacrysts (Allsopp and Barrett, 1975). 

Finally, melt derived from the volatile-rich HIMU component of the cooling plume 
ponded to form the Monastery kimberlite, which transported the crystallised products 
of the two earlier melts to the surface. 
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