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Preliminary calculations on a model natural 
peridotlte "pyrolite III" indicate that the spinel- 
garnet reaction is shifted downwards to about lOkbar 
at 900'’C. This result is in good agreement with the 
experimental data of Jenkins and Newton (1979). 
Calculations on the gabbro-eclogite reaction in an 
Fe-rich bulk composition Indicate that garnet should 
appear at Skbar at 900®C. This is in good agreement 
with the experiments of Green and Ringwood (1967), 
bearing in mind the small overpressure (~ 2kbar) 
required to achieve nucleation of garnet. 
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Although proposed by Sharp (1974) that the 
Mesozoic kimberlites in Southern Africa originated 
from activity at the deep end of a subducted oceanic 
plate, a connection of kimberlites with subductlon 
processes has not been generally accepted. Dawson 
(1980 p. 220) states that such "hypothesis is 
contrary to the observed random distribution of 
kimberlites in Southern Africa and remarks 
farther that " ... the confinement of kimberlite 
raagmatlsm to the cratonlc centers of continents well 
away from any major fold belts, together with the 
very limited amounts of kimberlite magma, appear to 
preclude any connection with classical subductlon 
zones." 

However, Inspite of recent progress in our 
knowledge of kimberlite formation and emplacement, 
the " ... vexing problem of why kimberlites occur, 
and why they occur where they do has not been 
.solved" (Meyer, 1979). Other plate-tectonic-related 
hypotheses of kimberlite distribution, such as 
transform fault models (Williams and Williams, 1977; 
Stracke et al., 1979) or liot spot models (Hastings 
and Sharp, 1979; Crough et al., 1980), do not 
explain the ultimate source of H2O and CO2 necessary 
for kimberlite formation, and we can only speculate 
whether these volatiles "come from deeper" or from 
"recycling v^ia subduction" (Wyllie, 1979). IThile 
the hypotliesls that the /olatiles are juvenile gases 
from the deep mantle provides no means of predicting 
the location and timing of kimberlite eruptions, the 
possibility of a causal relationship to subduction 
can be tested because kimberlites should be 
localized above remnants of subducted plates. Fjr 
such relationships to become obvious, the classical 
/lew that all subductlon zones are steeply dipping 
and tlierefore cannot reach far ei\ough under 
continents where most kimberlites originated must be 
abandoned. This is justified by tlie occurrence of 
fragments .jf subducted oceanic lithosphere .as 
eclogite xenoliths In kimberlites from the Colorado 
plateau (Helmstaedt and Doig, 1975) as well as by 
the distribution of Tertiary magmatic rocks in the 
southwestern United States that suggest the former 

existence of a shallow-dipping subduction zone in 
this region (Dickinson and Snyder, 1978). The fact 
that a similar "flat-plate" subduction model was 
proposed by Lock (1980) for the formation of the 
Cape Fold belt warrants a new look at Sharp's 
original hypothesis. 

Two independent questions are pursued: 
1. Did such low-angle subduction occur under 

Southern Africa and if so, are the kimberlites 
related to it? 

2. Do xenolith suites of these kimberlites Include 
possible samples of subducted material? 

1. Both Sharp and Lock relate the Permian to 
Middle Trlassic Cape folding to subductlon under 
Gondwanaland prior to its breakup, when according to 
Sharp " ... the oceanic plate associated with this 
orogeny dived to great depth and went hundreds of 
kilometers inland underneath the former continent". 
As folding in the Cape Fold belt was broadly 
contemporaneous with the opening of the Tethys ocean 
we suggest that spreading of the Tethys caused the 
increase in plate convergence rates necessary to 
initiate low-angle subduction along the southern 
margin of Gondwanaland. 

A compilation on a map of the reconstructed 
Gondwana continent shows that the distribution of 
kimberlites is considerably less random than 
suggested by distribution maps using the present 
configuration of continents. 4 broad zone of 
kimberlites cuts numerous different geological 
provinces and lies parallel to the belt of Late 
Paleozoic Igneous rocks stretching from South 
America past South Africa, through Antarctica to 
Australia (Samfrau geosynclinc of DuToit, 1937). In 
South America and Southern Africa the southwestern 
boundary of this kimberlite belt lies between 
1500-2000 km cratonwards from the assutned Late 
Paleozoic to Trlassic continental margin. Although 
the timing of the kimberlite eriiptions (between 79 
and 133 m.y., Davis, 1977) approximately coincides 
with the break up of Gondwanaland, the southwestern 
margin of the belt shows no relationship to the 
orientaion of the South Atlantic rift. Similarily, 
a correlation with transform faults, as proposed by 
Williams and Williams (1977) for West African 
kimberlites, is not obvious. In a subduction model 
the time lag between subduction and kimberlite 
emplacement may be explained as a consequence of the 
emplacement mechanism. If kimberlites traverse the 
lithosphere along stress corrosion fractures 
(Anderson, 1979), emplacement was not possible until 

Gondwanaland became an extensional regime. Scatter 
in timing of kimberlite eruptions can be explained 
by differences in lag times following cessation of 
subduction that are a function of variations in 
thermal gradients within the sub-continental mantle 
as well as local structural conditions. 

A subduction model for the Mesozoic kimberlites 
in Southern Africa must also account for the Karroo 
magmatlsm, as there is a common regional association 
of kimberlites with Karroo dykes and sills. 
Isotopic data appear to suggest that tholeiitic 
flood basalts are derived from continental 
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lithosphere (Allegri et al., 1981; 1982), whereas 
kimberlites and alkali basalts come from a deeper 
source which at present cannot be identified as 
typically sub-oceanic or sub-continental. It is 
therefore possible that Karroo magmatism was 
triggered by subduction (Cox, 1978) below the 
continental lithosphere, and that the later 
kimberlites shared the same fracture systems as 
access routes to the surface. 

2. Although Late Paleozoic to Triassic low-angle 
subduction may have supplied volatiles for the 
formation of the Cretaceous kimberlites, actual 
samples of this young subduction zone have not been 
identified among the various xenoliths of Southern 
African kimberlites. However, chemical arguments 
and relics of prograde metaraorphic reactions suggest 
that certain eclogites are subducted metabasites, 
and the different ages of such eclogites from Robert 
Victor (v/'2.5 b.y.; Kramers, 1979) and the Karroo 
kimberlites (vl b.y., Robey, 1981) imply sampling of 
remnants of at least two earlier subduction 
episodes. Milashev (1973) interpreted the regional 
zonation of kimberlites and their xenoliths from the 
diamond subfacies to the pyrope subfacies as 
evidence for ascending convection currents under the 
diamond-bearing province. We consider it more 
likely that the zonation apparent in South African 
xenoliths reflects processes related to the 
Precambrian subduction under, and the accretion of 
continental fragments to the Archean Kaapvaal 
cration. This interpretation is consistent with the 
observations by Griffin et al. (1979) that nodules 
of garnet granulites and "crustal" eclogites are 
common in kimberlites around the edge of the Kapvaal 
craton, but are not obvious in kimberlites within 

the craton. 
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H20 DIFFUSION DATA AND THEIR BEARING ON THE INTERPRETATION OF MANTLE NODULES 
AND THE EVOLUTION OF THE MANTLE LITHOSPHERE. 
Ben HARTE and Robert FREER, 
Grant Institute of Geology, Edinburgh EH9 3JW, Scotland. 

A common assumption in the interpretation of the 
ultramafic nodules erupted v/ith kimberlitic and basic 
igneous magmas is that their mineralogy reflects the 
ambient pressure-temperature conditions of either 
their location in the mantle immediately prior to 
eruption or conditions obtaining during their en¬ 
trainment. Considerations of nodule petrology and 
diffusion data suggest that this assumption needs 
modification for the upper part of the mantle litho¬ 
sphere. 

The erupted ultramafic nodules indicate that a 
major part of the mantle lithosphere consists of mod¬ 
erately coarse-grained (around 2mm or more) assem¬ 
blages of anhydrous minerals (olivine, orthopyroxene, 
clinopyroxene, garnet, spinel). The amounts of bio- 
tite or amphibole present in the rocks prior to in¬ 
teraction with the transporting kimberlitic or other 
melt usually appears to be very small; and there is 
generally little evidence of the presence of a perva¬ 
sive volatile phase. The achievement and maintenance 
of chemical equilibrium within and between the crys¬ 
tals in such rocks will be dependent on diffusion and, 
in the absence of deformation, presently available 
volume diffusion coefficient data for anhydrous condi¬ 
tions should be applicable. An extract of such data 
is given in figure 1 for the minerals and diffusing 
cations indicated in the figure; solid lines refer to 
the temperature range of the experiments involved and 
the dashed lines are extrapolations to lower tempera¬ 
tures. The numbers against each line indicate the 

source of the data as given in the reference list at 
the end of the paper. 

The approximate magnitude of the diffusion coeffi¬ 
cient necessary to achieve and maintain equilibrium 
compositions in crystals may be calculated using the 
relation D^x^/t (Kingery et al. 1976, p. 226); where 
D is the diffusion coefficient, t is time, and x is 
distance. In figure 1 the horizontal lines show the 
D values appropriate to certain distances (in mm) and 
times (in Ma) according to the above equation, and 
the minimum temperatures necessary for these D values 
may therefore be determined from figure 1. Thus for 
pyroxene crystals figure 1 indicates that equilibra¬ 
tion of Ca-Mg across a distance of 1mm (representing 
margin to core distance) in times ranging from 10 to 
100 Ma will require temperatures approximately in the 
range 1050 to 950°C. It should be noted that the 

pyroxene D values (in figure 1) leading to these tem¬ 
perature estimates do not appear to be unreasonably 
small when the large number of 'null' experiments on 
pyroxene diffusion are considered (Freer et al., in 
press). Relative to this pyroxene data, figure 1 
shows olivine Fe-Mg diffusion to be extremely fast. 
Of the two sets of Fe-Mg garnet data shown the low 
temperature extrapolated values of line 4 (Fig. 1) are 
in reasonable agreement with estimates based on nat¬ 
ural rocks (Lasaga et al. 1977). Ca diffusion in 
garnets appears to be somewhat faster (Duck\.;orth and 
Freer 1981). Little data is available for trivalent 
cations in silicates, but in spinels Al and Cr com- 
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