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With the general acceptance of the Plate Tectonic Theory over 25 years ago, most igneous rock 
assemblages were recognised to characterise some aspect of either rifting, subduction, or hot spot 
activity (e.g., MORE, OIB). Kimberlites (and related rocks), though significant as primary sources 
of diamond and mantle-derived xenoliths, are positioned far inland from plate margins, and were 
generally excluded from tectonic interpretation. Sharp (1974) proposed that kimberlites were related 
to subduction, as have Helmstaedt and Gurney (1984, 1997). However, three problems have 
prevented any clear correlation being drawn between kimberlite activity and plate tectonics. (1) The 
lack of accurate dates for kimberlite magmatism made it difficult to recognize any spatial-temporal 
trends that could be correlated with plate motion; (2) seismic evidence suggested that subducted 
oceanic lithosphere lost its physical integrity within a few hundred kilometers from the trench 
(Toksoz, 1975); and (3) it was considered improbable that the fluids essential for triggering 
magmatism could be carried deep into the mantle. 

These complications can now be addressed in the following manner: (1) Accurate dating of kimberlite 
fields in southern Africa and North America has progessed to the point that temporal patterns can be 
recognised in both cases (Helmstaedt and Gurney, 1997; McCandless, 1997). (2) Seismic imaging of 
the Farallon Plate beneath North America demonstrates that subducted oceanic lithosphere can be 
recognised several hundred kilometers inboard from its site of subduction (Grand et al., 1997). (3) 
Experimental and physical evidence suggests that fluids can be carried deep into the mantle in dense 
hydrous silicates (Bose and Ganguly, 1995), possibly to be involved in diamond formation itself 
(Navon et al., 1988; Schrauder and Navon, 1994). The purpose of this paper is to present a tectonic- 
thermal model that explains the spatial-temporal patterns of kimberlitic magmatism over a period of 
earth history when relative plate motions are best known, i.e., from -200 Ma to present. 

Toksoz (1975) recognized that depressed heat flow above convergent margins must be due to the 
subduction of cold oceanic lithosphere into the warm mantle, and produced a model to demonstrate 
the thermal and chemical changes. To account for kimberlitic magmatism, the slab is extended several 
hundred kilometers inland and below the continental lithosphere (Figure la). At time ti and a constant 
velocity Vi, the isotherms are depressed in the cold descending slab, allowing fluids to reach greater 
depths before being heated enough to be released and trigger kimberlitic magmatism. Changes in plate 
convergence at time t2 result in a reduction in velocity (V2<Vi); isotherms begin migrating up the 
slab, fluids are released and trigger mantle magmatism that at the surface becomes progressively 
younger from right to left (Figure lb). 

Applying this model to southern Africa, prior to 140 Ma, active subduction off the west coast of 
Gondwana placed oceanic lithosphere far beneath the continent (Figure 2a). During this period, 
kimberlites are restricted to south central Gondwana, where the subducted oceanic lithosphere is deep 
enough to reach the temperature necessary to release the fluids for kimberlitic magmatism. Rifting of 
the south Atlantic at -130 prevents further subduction beneath southern Africa (Figure 2b). The 
convergence velocity between eastern Gondwana and the subducted proto-Pacific drops to near zero, 
thus disturbing the thermal equilibrium in the slab. Heat migrates up the foundered oceanic 
lithosphere from its deepest (hottest) end, volatiles are driven off, triggering a westward migration of 
kimberlitic magmatism (Figure 2b). 

Volume and area considerations also require that enormous amounts of oceanic lithosphere have been 
subducted beneath North America in the past 200 Ma. Although kimberlite ages are less well- 
constrained, and the convergence between the Farallon, Kula and North American plates has varied 
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considerably, temporal-spatial patterns can be recognised. From 175-125 Ma, the Farallon Plate was 
subducted in an eastern to southeastern direction, with velocity decreasing by a factor of two (Cox et 
al., 1989). Kimberlites emplaced during this period of fast to slow convergence are located along the 
easternmost region of the continent (Quebec, Ontario, Michigan, ~150 Ma). Convergence shifts 
northward and increases between 125 to 75 Ma; widespread kimberlitic magmatism associated with 
the Laramide orogeny reaches far to the north (Somerset Island, Slave Province, Alberta, 
Saskatchewan) and east (Arkansas, Kansas). Convergence decreases dramatically from 125 to 25 Ma 
and heat migrates up Farallon Plate from its deepest end. A wholesale migration of kimberlitic 
magmatism to the south and west ensues, culminating in lamproitic magmatism in the southern 
Wyoming craton (Leucite Hills; 1-3 Ma). 

Kimberlites can thus be attributed to deep subduction magmatism, and temporal-spatial patterns can 
be linked with changes in convergence between oceanic and continental lithospheric plates. Calc- 
alkaline magmatism in the distant geologic record is often used in reconstruction of paleo-plate 
boundaries and directions of subduction; kimberlite magmatism may also serve to identify the 
presence of far-reaching subduction, where no other evidence is preserved. 
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Figure 1 

Figure 2. 

(^-) Gondwanaland 
>130 Ma 

(b.) Gondwanaland 
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