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Experimental petrology studies suggest that kimberlite melts commonly form at ~300 km depth (Foley et 
al., 2019). Diamonds are transported to the surface from at least ~120 km depth (Pearson et al., 2014) and 
possibly more than 660 km depth in some instances (Walter et al., 2011), suggesting that the heat source 
for some diamond-bearing kimberlites might be advected from great depths. Indeed, possible geodynamic 
environments for the formation of kimberlite melts include the lower mantle and transition zone, subduction 
zones, the lithosphere-asthenosphere boundary and mantle upwelling into the upper asthenosphere (Giuliani 
& Pearson, 2019). Here we explore how deep mantle processes could transport heat to the source depth of 
kimberlite magmatism, keeping in mind that factors such as lithospheric structure (Begg et al., 2009), 
changes in plate velocities (Moore et al., 2008) or rifting (Gernon et al., 2023) are likely to localise partial 
melting at shallower depths. 
 

 
Figure 1: Predicted relative kimberlite potential. Global relative kimberlite potential maps for lithosphere thicker 
than 150 km from 320 Myr ago for fixed (left) and mobile (right) basal mantle structures. Kimberlites from Tappe et 
al. (2018) are shown as black disks. 
 
A link between kimberlite eruptions and the present-day structure of the lowermost mantle was established 
by Torsvik et al. (2010), who argued that basal mantle structures are likely to be fixed over geological times 
because they are spatially correlated with the reconstructed locations of large igneous provinces (LIPs) and 
kimberlite eruptions from 320 Myr ago. Recent work showed that the strength of the spatial-statistical 
relationship between reconstructed LIPs and kimberlite eruption locations is similar for fixed LLSVPs 
imaged by seismic tomography and moving basal mantle structures predicted by forward models of past 
mantle flow (Flament et al., 2022). This relationship suggests that there may be no need for basal mantle 
structures to have been fixed over time, which is easier to reconcile with the dynamics of Earth’s mantle 
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predicted by current geodynamic models and inferred from seismologic observations that suggest that basal 
mantle structures are presently deforming (Lynner & Long, 2014).  
We used the strong spatial-statistical relationship between kimberlites and basal mantle structures, and the 
preferential association of diamond-bearing kimberlites with thick lithosphere to create global maps of 
relative kimberlite potential (Grabreck et al., 2022). This was done by reconstructing the location of 
lithosphere presently thicker than 150 km, determining its intersection with either fixed or mobile basal 
mantle structures, and averaging the results over the last 320 Myr. The results are in general agreement with 
the locations of kimberlite eruptions in the database of Tappe et al. (2018) both for fixed and moving basal 
mantle structures (Fig. 1). 
The strong spatial-statistical relationship between kimberlites and basal mantle structures is somewhat 
unexpected because LIPs that are the product of deep mantle plumes are not systematically associated with 
kimberlites (Ernst & Jowitt, 2013). It is therefore unlikely that kimberlites are produced by narrow mantle 
plumes. Recent work suggests that broad mantle upwelling could instead link kimberlite eruptions to the 
deep Earth (Bodur & Flament, 2023). This work mapped the evolution of broad mantle upwelling in forward 
reconstructions of past mantle flow (Fig. 2). It showed that broad mantle upwelling primarily occurs above 
moving basal mantle structures (Fig. 2b-c), and that there is a strong spatial-statistical relationship between 
the kimberlite eruptions in the database of Tappe et al. (2018) and the predicted broad mantle upwelling. 
The models show that deep Earth material is transported to the source region of kimberlite melt, which is 
consistent with the geochemical signature of some kimberlites (Giuliani et al., 2021). The areas covered by 
broad mantle upwelling (Fig. 2a) is much larger than the areas over which kimberlite eruptions occur, and 
we suggest that broad mantle upwelling could be the process that transports heat from the deep Earth to the 
source depth of kimberlite melts, where shallower geodynamic processes localise kimberlite eruptions. 
  

 
 
Figure 2: Link between broad mantle upwellings and kimberlites. a, Map of broad mantle upwellings 
(brown in continental blocks and dim red in oceans and continents), reconstructed continental blocks (green 
polygons), reconstructed continents (grey polygons), and reconstructed kimberlites (symbols) at 180 Ma. 
b, 3-D view of cold mantle structures coloured by depth in the African hemisphere, broad mantle upwellings 
deeper than 322 km coloured by depth, and reconstructed kimberlites shown as magenta columns extending 
up from the core-mantle boundary. The black dashed line shows the kimberlite belt (KB) in Canada and 
North America. AF and Cosmo designate kimberlites in Africa and Brazil, respectively. c, Similar to b but 
for shown for broad mantle upwellings deeper than 2,000 km depth. 
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