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In the nodules that are brought to the surface by kimberlite erup-
tions in South Africa, there is a small population of clinopyrox-
ene and garnet rocks of “eclogitic” composition (e.g., Schulze,
1989; Shirey et al., 2001). These “eclogitic” mantle xenoliths
have a modal analysis similar to what would be expected in
the transition zone (depth 410—670 km), where the percentage
of clinopyroxene and garnet is predicted to be much higher than
in the upper mantle. A knowledge of the deformation microstruc-
ture and texture of these rocks would help determine their de-
formation history, which may be different from peridotites, and
provide some constraints the behaviour of similar assemblages
in the higher temperature and pressure conditions of the mantle
transition zone.

The nodule FRB1300 of mantle eclogite was collected from
the Premier Mine of the Pretoria kimberlite group that is loca-
ted in the one of the oldest Archean cratons (3.0-3.7 Ga) named
Kaapvaal Craton. The sample is bimineralic with modal pro-
portion of 44 % and 56 % for garnet and clinopyroxene, re-
spectively and shows equilibrated coarse-grained fabric. It is
crosscut by net of late fractures, along which chemical altera-
tion of <100 microns thick took place, as well as along the ma-
jority of grain boundaries. Garnet grains of dark red colour are
elongated with axial ratio of 2:1 and grain size between 1 and
5 mm, clearly defining foliation plane and also stretching line-
ation. Contacts at garnet-garnet grain boundaries are straight
suggesting stability of original fresh grain boundaries. Clinopy-
roxene grains of pale green colour are less elongated and more
variable in size than garnet (0.5-10 mm). Alteration at cpx-cpx
grain boundaries has often lobbed shape with large radius of
curvature. In the areas of lower garnet content, single cpx grain
surrounds a garnet grain along significant part of its boundary.
Signs of intragranular strain features, such as undulatory ex-
tinction or formation of subgrains were not observed in either
the garnet or clinopyroxene.

Microprobe analysis across the garnet and clinopyroxene
grains showed homogeneity of chemical composition in both min-
erals thus geothermometer based on Fe-Mg exchange between
garnet and clinopyroxene after Ellis and Green (1979), Powell
(1985) and Ai (1994) were applied. Data from seven grt-cpx cou-
ples have been used with geothermometeric equations to show
small variation in temperature for individual geothermometers
and given values of pressure. If the studied eclogites are chemi-
cally equilibrated at the same pressures as peridotitic nodules
(4 GPa) sampled from the same kimberlite pipe (Ben Ismail,
1999), the calculated average temperature is 1050 °C. However,
if PT data form the peridotite are not be taken into account, the mi-
croprobe data lie well into the range of 1100 °C and 4.7 GPa de-
fine by geothermometric equations in the X(Ca)-garnet versus

InKD space and these values are in good aggrement with PT
values from eclogites nodules sampled in the Roberts Victor
and Bellsbank pipes in the Kaapvaal craton (e.g. Carswell et al,
1981), i.e. deeper that the peridotite samples.

Clinopyroxene and garnet texture were determined from
electron back-scattered diffraction (EBSD) technique by manual
procedure, in order to do not exaggerate crystallographic orien-
tation of single grain in resulting pole figure. Texture of clino-
pyroxene is similar to those measured from crustal eclogites
(e.g., Bascou et al., 2001) and those modelled by visco-plastic
self-consistent model in simple shear (Bascou et al., in press)
concluding that [001]{110} and <110>{110} are the most ac-
tive slip systems in clinopyroxene. In contrast to crustal eclo-
gites, garnet shows texture with weak clustering of poles on
{100}-, {111}-, and {110}-plane, and <100>{110} as the easi-
est slip system.

Qualitative microstructural analysis and texture analysis
were used in order to characterise operative deformation mecha-
nisms in both minerals at the calculated temperature. Clinopy-
roxene shows a tendency for boundary migration and growth at
expense of another clinopyroxene grains, which is indicative
for dislocation creep with high-temperature grain boundary
migration mechanism. Garnet grains are clearly elongated with-
out signs of intracrystalline strain features thus internal strain
energy was insufficient for dislocation climb and formation of
subgrains. [t suggests that dislocation glide is dominant mecha-
nism of deformation in garnet crystals.

Seismic properties of the studied sample were calculated
by combining the measured texture and the single crystal elas-
tic constants of omphacite and garnet using the Voigt average.
The fast P-wave velocity shows 8.8 km/s and its propagation di-
rection is close to lineation. The P-wave anisotropy shows very
weak value of 2.1 %. The S-wave anisotropy is also very weak
showing complex pattern and Vs maximum anisotropy value of
2.6 %. Generally, seismic property data shows very similar re-
sults as those calculated from the crustal eclogites, thus eclogite/pe-
ridotite interface in the upper mantle would be hardly detect-
able (Bascou et al., 2001).

Presented petrophysical study of the first mantle eclogite
show that plasticity of garnet becomes usual feature at natural
strain rates above approximately 1000 °C and 4 GPa as it was
proposed by experimental studies (Wang and Ji, 1999). As
the mantle eclogites are hardly detectable it is difficult to esti-
mate their abundance in the stable lithosphere of Kaapvaal
craton. Nevertheless, it is possible to speculate that higher abun-
dance of such eclogites in the base of the craton might signifi-
cantly increase viscosity of the base and then protects rest of
the stable root for the significant period of time (3Ga).
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