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the Cr-poor discrete nodules. However, a straight¬ 
forward transformation of coarse -*��deformed Fe-Ti 
enriched deformed Iherzolites is not probable because 
some of the deformed Iherzolites are more magnesian 
than some of the coarse ones. Hence the relationship 
of coarse and deformed Iherzolites and Cr-poor dis¬ 
crete nodules is still uncertain. 
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Examination in the field of large (>8.0 cm) nod¬ 
ules at a variety of locations around the 
Jagersfontein mine area reveal that about 80% are 
coarse-grained peridotites with no obvious fabric or 
modal layering. The majority of these nodules are 
close to being harzburgites with only traces (in hand 
specimen) of other phases, though there are transi¬ 
tions to peridotites with ca. 5% clinopyroxene and/or 
garnet. Dunites, pyroxenites and ecologites form 
together about 5% of large nodules. The remainder 
(ca. 15%) of the large nodule population is essential¬ 
ly formed by deformed peridotites (porphyroclastites 
or flaser gneisses in hand specimen), which differ 
modally from the coarse peridotites in commonly being 
garnet-lherzolltes with conspicuous (>5%) clinopyrox¬ 
ene and garnet. Counts of small nodules (<8.0 cm) 
show a higher proportion (ca. 35%) of deformed peri¬ 
dotites, but maintain the bias to harzburgitic assem¬ 
blages in coarse peridotites and to garnet-lhezolites 
amongst deformed peridotites. 

Coarse Peridotites 

Microscopic and chemical-analytical investigations 
show that many of the coarse peridotites have detail¬ 
ed petrological affinities to one another. Olivine 
and orthopyroxene are always the dominant modal 
phases, but minor amounts of: clinopyroxene, garnet, 
amphibole, and chromian spinel also commonly occur. 
Often only two of these additional minerals occur as 
primary phases, but all combinations have been found 
including the six-phase assemblage: olivine + ortho¬ 
pyroxene + clinopyroxene + garnet + amphibole + Cr- 
spinel. A feature of many coarse nodules is the 
presence in the orthopyroxene of exsolution lamellae 
of spinel, which may be accompanied by fine birefrin- 
gent exsolution lamellae (probably of clinopyroxene) 
and also garnet lamellae. Exsolution lamellae range 
up to about 0.1mm across. Sometimes garnet, and to a 
lesser extent spinel, form small grains orientated 
along grain boundaries and arranged in partial "neck¬ 
lets' reminescent of granular exsolution. Another 
feature is the occurrence of occasional vermicular 
intergrowths of clinopyroxene and spinel in some 
garnet-free rocks. 

The amphibole is an edentic hornblende (Leake 1978) 
and its relatively widespread though not abundant oc¬ 
currence at Jagersfontein (first reported by Johnston 
1973) is unusual by comparison with peridotite nodules 
from other kimberlites. In general, coarse-nodule 
mineral compositions are tightly restricted. Some 
features are shown in Ca:Mg:Fe projection in figure 1. 
The Al/Al + Cr ratios are: 62-72% in clinopyroxene, 
86-90% in amphibole, 90-94% in garnet, and 28-54% in 
spinel. Mg/(Mg + Fe) ratios in orthopyroxene are 95- 
91%, and 68-56% in spinel. AI2O2 wt% in orthopyrox¬ 
ene varies up to 3.3% in garnet-free assemblages, but 
is close to 0.65 in garnet-bearing rocks. In two thin 
sections exsolution lamellae of spinel and garnet in 
orthopyroxene gave virtually identical compositions 
to those of independent grains. In the clinopyroxene- 

spinel symplectites mineral compositions are also 
close to those of independent grains, as found in 
similar intergrowths by Dawson and Smith (1975). One 
unusual garnet harzburgite shows zoning of olivine and 
orthopyroxene compositions with variation of 93 to 
89.5% Mg/(Mg + Fe) in the olivine, and corresponding 
variation in the orthopyroxene together with minor in¬ 
creases in Ca and Al. The garnet compositions in this 
rock are constant, and it is suspected that the rock 
underwent contamination (or metasomatism) in contact 
with melt. 

The common coarse nodules which appear to form part 
of a coherent group were probably sampled from a re¬ 
stricted region of the upper mantle. They appear to 
have originated at high temperatures and cooled very 
slowly (possibly whilst depressorisation occurred) to 
allow the exsolution to proceed and the intergrowth 
compositions to maintain approximate equilibrium with 
all phases. Ca/(Ca + Mg) ra tios in clinopyroxenes 
are uniformly close to 50% and temperatures indicated 
by Fe/Mg distribution in coexisting garnet and clino¬ 
pyroxene (Mori and Green 1978) are in the range 800- 
875 C. The mineral equilibria had probably become 
frozen prior to sampling by the kimberlite (Harte and 
Freer, this volume). 

Deformed Peridotites 

These nodules fall predominantly into the porphyro- 
clastic and mosaic-porphyroclastic groups of Harte 
(1977). Some of the mosaic-porphyclastites also show 
laminar and fluidal textures. Also included in this 
group are occasional nodules which are transitional 
between coarse and porphyroclastic textural types, and 
some which show fine to medium grained granuloblas tic 
textures (perhaps indicating complete recrystallisa¬ 
tion and grain growth after deformation). Garnet and 
clinopyroxene are common phases in addition to olivine 
and orthopyroxene, but amphibole and spinel have not 
been found as primary independent phases. However, 

fine exsolution lamellae of spinel appear to be pres¬ 
ent within orthopyroxene porphyroclasts in a few nod¬ 
ules . 

Mineral compositions are more variable in this 
group than in the coarse nodules. In addition to the 
features shown in figure 1 it may be noted that Al/ 
(Al + Cr) varies from 45 to 90% in clinopyroxenes, and 
from 65 to 97% in garnets. The range of AI2O3 in 
orthopyroxene is however quite restricted between 0.45 
and 1.11 wt %; whilst Mg/(Mg + Fe) in this phase var¬ 
ies from 93 to 88%. In most rocks the mineral compo- 
sitions are homogeneous, but in two cases the olivine 
and orthopyroxene neoblasts show marginally higher Fe/ 
Mg than the porphyroclasts. Temperature estimates, 
using Fe-Mg distribution between garnet and clinopy¬ 
roxene (Mori and Green 1978), show a range of 1140 to 
1380°C for the deformed nodules. But some nodules 
show a lack of correspondence between different geo¬ 
thermometers, which may indicate some disequilibrium. 
The wide spread of temperature estimates is unusual 
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Kimberlites 

by comparison with the limited temperature range at 
single kimberlite pipe of many deformed peridotites 
(group V of Gurney and Harte 1980, Table 1). 

As partly shown in figure 1 the Mg/(Mg + Fe) miner¬ 
al compositions of the coarse and deformed perido¬ 
tites overlap but with the olivines and pyroxenes 
tending to have higher Mg/(Mg + Fe) in coarse nodules. 
Similar relations are seen in bulk rock analyses of 
the two groups. Another distinction in bulk rock 
chemistry between the coarse and deformed groups is a 
tendency for the deformed peridotites to show higher 
Ti02 contents. These features correspond to those 
seen in nodules from other kimberlite pipes (e.g. 
Gurney and Hart^ 1980). Derivation of the deformed 
rocks from originally co”^se rocks is indicated tex- 
furaliy, and the rare presence ot spinel exsoiution 
iamelia^in some orthopyroxene porphyroclasts is 
particularly interesting in that it suggests deriva¬ 
tion from relatively low-temperature coarse rocks; 
perhaps in a process of the type suggested by Gurney 
and Harte (1980). However, the coarse protoliths for 
the deformed nodules do not appear to be the rocks 
represented by the common coarse nodules. This is in¬ 
dicated by the modal differences of the two groups of 
nodules, since the abundance of garnet and clinopyrox- 
ene porphyroclasts in the deformed'rocks makes it un¬ 
likely that the modal differences are solely a 
product of metasomatism. 
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First described by Milliard (195®) the ultramafic 
Beni-Bousera body (northern Morocco) exhibits 
spinel-lherzolites and harzburgites associated with 
spinel and/or garnet pyroxenlte layers. The main 
assemblages belong to the "ariegite subfacies" 
(O'Hara, 1967) and have been ultimately equilibrated 
under high pressure granulite facies conditions 
(10-12 Kbar ; 900°C) together with the surrounding 
paraderived country rocks, before their tectonic 
uplift to their present geological environment 
(Kornprobst, 1969). The various pyroxenite layers 
have been interpreted as the crystallization products 
of a melt extracted from the surrounding peridotites 
during an adiabatic diapiric rise of a fragment of 
the upper mantle. This interpretation is supported by 
experimental (Kornprobst, 1970) and geochemical 
(Javoy, 1970 ; Loubet and Allegre, 1979) data. 

The primary crystals precipitated from the melt 
most generally recrystallized in the solid state but 
could be recognized and their compositions 
approximately recalculated ; they appear to be mainly 
Mg-rich clinopyroxenes involving a large range of 
Mg-Tschermak solid solution and up to 10% A1203 
contents. A new primary assemblage has been recently 
discovered, characterized by the presence of corundum 
associated with Ca-rich garnet and Ca-Tschermak- and 
jadelte-rich cllnopyroxene (A1203 up to 20%). 

1/ THE PRIMARY ASSOCIATION : A CORUNDUM BEARING 
"GROSPYDITE" 

The corundum-bearing rocks have not been found in 
place and the structural relationships with the 
peridotites are unknown. They are layered and exhibit 
sharp compositional variations across a few cm. The 

Fig. 1: The "gro spy dites" from the Beni Bou- 
sera body : solid symbols ; stars = 
bulk rook compositions ; squares - 
garnets ; triangles - clinopyroxenes. 

lA- Molecules % ; comparison with the 
grospydites from Yakutia (Sobolev et 
al., 1966 ; 1968); same symbols as 
above, open. 

IB- Weight % : comparison with Boyd’s ex¬ 
perimental results (1970) ; same sym¬ 
bols as above, open. 
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