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Some of the most famous diamond deposits are associated with Kimberly-type volcaniclastic kimberlite facies 
(KPK) located within diatreme zones of kimberlite pipes. The origin of this type of kimberlite is one of the most 
debatable topics in kimberlite geology. The two contemporary models suggest either (1) explosive pyroclastic 
eruption with subsequent welding of pyroclasts; or (2) in situ magma fragmentation without formation of a 
pyroclastic deposit. The latter model suggests that a reaction between silicate fragments of the country rock and 
carbonatitic magma exsolves CO2, leading to magma fragmentation and freezing. This experimental study tested 
the two hypotheses by examining the reaction of mafic (basalt) and felsic (granite, andesite, and rhyolite) xenoliths 
with synthetic analogues of evolved kimberlite magma. The experiments were conducted using a box-furnace and 
piston-cylinder apparatus at the Experimental Petrology Laboratory, Dalhousie University. Tests were conducted 
at 800–1100 °C and pressure 0.1 MPa and ~500 MPa to explore the effect of temperature, CO2 and H2O on textures 
and the sequence of reaction minerals. First, composition was modelled by removal of 50 vol% of olivine 
components and adding CO2 to the composition of a hypabyssal kimberlite (Anaconda kimberlite, NWT). Second, 
composition consisted of Na-Ca-carbonate in equal proportions. Experiments at 0.1 MPa were conducted in the 
absence of water, and at 500 MPa with 10 wt.% H2O added. 

The experimental run products were analyzed using the scanning electron microscope (SEM) to examine the 
textures, and energy-dispersive spectroscopy (EDS) was used to identify mineral phases. At 0.1 MPa and water-
free conditions the reaction of kimberlite composition with mafic xenoliths at 1100 °C showed reaction occurring 
along the rims leading to xenolith fragmentation; the granitic xenolith reaction at 1000 °C showed melting of sheet 
silicates and reactions occurring along the rims. Rhyolite xenoliths melted at 1100 °C with no evidence of reaction 
to the kimberlite mixture. The reaction of carbonate melt with both basalt and rhyolite xenoliths exsolved CO2, 
which ruptured both capsules due to the overpressure. At 500 MPa and 10 wt.% H2O, kimberlite and mafic 
xenoliths at 900 °C showed no reaction, but with andesite xenoliths at 800 °C, melting and reactions along the 
rims were observed. Preliminary analysis shows dissolution occurring at a faster rate than the reaction between 
xenoliths and kimberlite mixture. The developed reaction mineral phases and their textures will be compared to 
the textures of natural BK1 KPK from Orapa kimberlite cluster, Botswana, in order to better understand KPK 
emplacement processes. 
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