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Abstract Cr-poor and Cr-rich megacryst suites, both
comprising of varying proportions of megacrysts of
orthopyroxene, clinopyroxene, garnet, olivine, ilmenite
and a number of subordinate phases, coexist in many
kimberlites, with wide geographic distribution. In rare
instances, the two suites occur together on the scale of
individual megacryst hand specimens. Deformation
textures are common to both suites, suggesting an origin
related to the formation of the sheared peridotites that
also occur in kimberlites. Textures and compositions of
the latter are interpreted to reflect deformation and
metasomatism within the thermal aureole surrounding
the kimberlite magma in the mantle. The megacrysts
crystallized in this thermal aureole in pegmatitic veins
representing small volumes of liquids derived from the
host kimberlite magma, which were injected into a sur-
rounding fracture network prior to kimberlite eruption.
Close similarities between compositions of Cr-rich
megacryst phases and those in granular lherzolites are
consistent with early crystallization from a primitive
kimberlite liquid. The low-Cr megacryst suite subse-
quently crystallized from residual Cr-depleted liquids.
However, the Cr-poor suite also reflects the imprint of
contamination by liquids formed by melting of inho-
mogeneously distributed mantle phases with low melting
temperatures, such as calcite and phlogopite, present
within the thermal aureole surrounding the kimberlite
magma reservoir. Such carbonate-rich melts migrated
into, and mixed with some, but not all, of the kimberlite
liquids injected into the mantle fracture network. Con-
tamination by the carbonate-rich melts changed the Ca–

Mg and Mg–Fe crystal–liquid distribution coefficient,
resulting in the crystallization of relatively Fe-rich and
Ca-poor phases. The implied higher crystal-melt Mg–Fe
distribution coefficient for carbonate-rich magmas ac-
counts for the generation of small volumes of Mg-rich
liquids that are highly enriched in incompatible elements
(i.e. primary kimberlite magmas). The inferred metaso-
matic origin for the sheared peridotites implies that this
suite provides little or no information regarding vertical
changes in the thermal, chemical and mechanical char-
acteristics of the mantle.

Introduction

Mantle-derived inclusions in kimberlites include a suite
of mono-mineralic grains, termed megacrysts, that are
often considerably larger than 10 mm in diameter (Harte
1977). Orthopyroxene, clinopyroxene, garnet, olivine
and ilmenite are common megacryst phases, while sub-
ordinate phlogopite and zircon have been recorded at
some localities. Eggler et al. (1979) showed that the
cluster of kimberlites that straddles the Wyoming-Col-
orado border (USA) is characterized by the presence of
chemically discrete Cr-poor and Cr-rich megacryst
populations. Analogues of the former suite appear to be
present in many, and possible most, of the isotopically
distinctive Group I kimberlites recognized by Smith
(1983), which broadly correspond to the basaltic vari-
ants of Wagner (1914). The chemical and textural
characteristics of the Cr-poor megacryst suite are well
documented for a variety of localities with a wide geo-
graphical distribution. Examples are the Lesotho kim-
berlites (Nixon and Boyd 1973a), Monastery (Gurney
et al. 1979; Moore et al., 1992; Griffin et al. 1997), Orapa
(Shee and Gurney 1979), the Gibeon kimberlites
(Mitchell 1987) and Jagersfontein (Hops et al. 1989,
1992) in southern Africa. (The locations of these and
other southern African kimberlites referred to in this
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study are shown in Fig. 1.) In North America, this
group of megacrysts is well documented for the Colo-
rado-Wyoming kimberlites (Eggler et al. 1979) the
Hamilton Branch kimberlite, Kentucky (Schulze 1984)
and kimberlites of the Slave Province (e.g. Kopylova
et al. 1999).

The Cr-rich megacryst suite has received far less
attention. Nevertheless, there is growing evidence that
suggests that it occurs in kimberlites with a wide geo-
graphic distribution. Thus, Shee and Gurney (1979)
recognized both Cr-rich and Cr-poor clinopyroxene
megacryst populations in the Orapa kimberlite in Bots-
wana, and inferred that these are chemically comparable
to the two megacryst suites in the Colorado-Wyoming
pipes. Data presented by Mitchell (1987) indicate that
compositionally discrete Cr-poor and Cr-rich clinopy-
roxene megacryst populations are also present in the
Gibeon pipes in Namibia. Kharkiv (1995) reports the
presence of both Cr-poor and Cr-rich megacryst suites
from kimberlites in the Verkhnemunskoye field,
Republic of Sakha.

Boyd et al. (1984) reported the occurrence of discrete
apple green clinopyroxene megacrysts, which they
termed ‘‘Granny Smith’’ diopsides, from Jagersfontein
and a number of the Kimberley pipes, and noted that
these are chemically comparable to the Orapa Cr-rich
clinopyroxene megacrysts. The ‘‘Granny Smith’’ diop-
side suite is also present in the Nouzees kimberlite in
North-West Province, South Africa (Jones 1987).

Paired high- and low-Cr ilmenite populations char-
acterize many of the pipes in the Tsabong – Molopo
kimberlite field in SW Botswana (Moore 1987; Moore
and Lock 2001). Moore et al. (1992) have documented

two relatively Cr-rich ilmenite populations from the
Monastery kimberlite, characterized by different and
non-overlapping ranges in MgO. These are volumetri-
cally very subordinate to the dominant Cr-poor ilmenite
suite described by Gurney et al. (1979) from this kim-
berlite.

A study of garnet megacrysts from the Group II
Swartruggens kimberlite, South Africa (De Bruin 1998)
showed that the associated clinopyroxene inclusions can
be grouped into chemically distinct Cr-rich and Cr-poor
populations.

Analogues of the Cr-rich megacrysts are therefore
present in kimberlites with a wide geographic distribu-
tion. Each of these localities is also characterized by the
presence of Cr-poor megacrysts. Despite the evidence
for the two megacryst populations in many kimberlites
with a wide geographic distribution, the link between the
two suites and their origin has long presented a conun-
drum, and remains controversial. However, as discussed
below, resolving this question has important implica-
tions for understanding the processes responsible for
generating kimberlite magmas.

Most attention has been focused on the Cr-poor
megacrysts, and a variety of theories have been ad-
vanced to account for their origin. There is widespread
consensus that this suite crystallized from a magma that
was present either very shortly prior to or at the time of
kimberlite eruption (e.g. Nixon and Boyd 1973a; Gurney
et al. 1979; McCallister et al. 1979; Schulze 1984).
However, there is little consensus as to the nature of this
liquid.

Crystallization from the host kimberlite magma has
been proposed by a variety of authors (e.g. Mitchell,
1973, 1986, 1987; Schulze 1987; Moore and Lock 2001;
Schulze et al. 2001). In contrast to these essentially
cognate models, the Cr-poor megacrysts have been
linked to a variety of other primary mantle-derived liq-
uids. Thus, Griffin et al. (1989) propose that they form
from a proto-kimberlite, while Moore et al. (1992) sug-
gest a meimechite parent (essentially a volatile, LIL
element-enriched komatiite). Harte (1983) argued that
the Cr-poor megacrysts crystallized from a basanitic
melt, Jones (1987) suggested an alkalic or picritic ocean
island basalt-like parent melt, while Tainton and
McKenzie (1994) invoked a primary MORB-derived
parental magma. A variation on this model was pre-
sented by Burgess and Harte (2004), who envisaged that
the megacryst melt probably includes MORB and
lithospheric components. Recently, Davies et al. (2001)
argued that Cr-poor megacrysts represent high pressure
crystallization products of plume-related magmas that in
turn reacted with the sub-continental lithosphere to
produce kimberlite magmas.

All the non-cognate models imply that the generation
of kimberlite magmas followed, and may have been
genetically linked to, precursor alkaline magmatism—in
other words, that kimberlite genesis is at least a two-
stage process. These models are further complicated by
evidence for Sr-isotopic differences between Cr-poor

Fig. 1 Localities of southern African kimberlites or kimberlite
clusters referred to in the text. 1 Gibeon cluster (Mukurob 1 and
2 kimberlites); 2 Nouzees; 3 Weltevreden-Frank Smith; 4 Kimber-
ley cluster (Bultfontein, de Beers, du Toitspan, Kimberley and
Wesselton kimberlites); 5 Jagersfontein; 6 Swartruggens; 7 Lace
(also sometimes referred to as Crown); 8 Kaalvallei; 9 Monastery;
10 Northern Lesotho cluster (Thaba Putsoa and Letseng kimber-
lites); 11 Tsabong-Molopo cluster (M4 kimberlite); 12 Kokong (or
Kang) cluster (KN70 kimberlite); 13 Orapa cluster (Orapa or AK1,
Letlakane or DK1 and BK4, BK7 and BK13 kimberlites)
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megacrysts from the same host kimberlite (Hops et al.
1992; Jones 1987; Davies et al. 2001) suggesting possible
magma mixing or contamination processes (e.g. Jones
1987; Hops et al. 1992). Moreover, Eggler et al. (1979)
suggest that the Cr-rich and Cr-poor megacrysts from
the State Line kimberlites crystallized from different
parental magmas. If true, the evidence, presented above
for Cr-rich megacrysts being far more common inclu-
sions in kimberlites than previously envisaged, raises the
prospect that kimberlite magmas represent a most
complex devil’s brew. Understanding the origin of the
megacrysts is clearly central to developing a model for
kimberlite genesis. In this paper it is argued that both
the Cr-rich and Cr-poor megacrysts are derived from the
host kimberlite magma as part of a common magmatic
process. This considerably simplifies models for kim-
berlite genesis, and implies that they represent primary
mantle-derived melts, consistent with experimental evi-
dence (e.g. Eggler and Wendtland 1979; Dalton and
Presnall 1998; Wyllie and Lee 1999) as well as geo-
chemical constraints (Tainton and McKenzie 1994; Le
Roex et al. 2003).

The mode of formation of the megacryst suite also
has important implications for understanding the origin
of sheared peridotites (Harte 1977), which occur as
xenoliths in kimberlites with a world-wide distribution
[e.g. Lesotho (Nixon and Boyd 1973b), Russia (Boyd
1984), and Canada (Kopylova et al. 1999)]. Nixon and
Boyd (1973b) originally suggested that this peridotite
suite reflects shearing at the base of the lithosphere—in
other words, a mechanical, thermal and chemical
boundary, separating this unit from the underlying
asthenosphere. This elegant early model has in large
measure influenced views on the chemical and isotopic
composition of the asthenosphere that persist to the
present day.

Ehrenberg (1979) and Gurney and Hart (1980) drew
attention to the overlapping compositional fields of
corresponding phases from sheared peridotites and the
Cr-poor megacryst suite, and suggested that the former
rocks had been metasomatised by the megacryst paren-
tal magma. Mineral zoning in sheared peridotites has
also been ascribed to interaction with the megacryst
parental magma (Smith and Boyd 1987, 1989; Griffin
et al. 1989; Burgess and Hart 1999, 2004). This inter-
pretation was supported by Moore and Lock (2001),
who demonstrated that mineral phases in sheared peri-
dotites from kimberlites in northern Lesotho and the
eastern Free State, South Africa, fall within composi-
tional fields that are intermediate between those for
corresponding phases in coarse granular lherzolites and
the high temperature megacrysts.

A variety of recent proposals for the origin of the
sheared peridotites can be viewed as essentially variants
of the original Nixon–Boyd concept. Carlson et al.
(1999) concluded that they represent asthenospheric
material underplated on the lithosphere following
destruction of the original deep keel. Kennedy et al.
(2002) also envisaged that the sheared peridotites form

at the asthenosphere–lithosphere interface. They sug-
gested that the sheared textures are manifestations of the
drag applied to the lithosphere by underlying astheno-
spheric flow. It was proposed that the shearing occurred
as high strain-rate events along transient discontinuities,
closely analogous to the formation of crustal mylonites.
They suggested that these discontinuities provided per-
meable zones that would preferentially localize partial
melts, and thus locally facilitate metasomatism by the
megacryst magma. In contrast to these models, Pearson
et al. (1999) postulated that the sheared peridotites from
the Lac de Gras kimberlites are part of a fertile deeper
section of a two-layer lithosphere.

While differing in detail, these models all envisage
that the sheared peridotites in some manner reflect ver-
tical mantle layering—in other words, vertical variations
in the thermal, chemical and mechanical properties of
the mantle. However, this interpretation was challenged
by Mercier (1979), who demonstrated that the sheared
textures are transient rather than steady-state features.
He proposed that the shearing occurred in a narrow
(50 m) thermal aureole surrounding the conduit to the
kimberlite magma prior to eruption to the surface. This
requires that the sheared peridotites represent a very
localized chemical and mechanical perturbation of the
mantle associated with the kimberlite magma. If correct,
this implies that the sheared peridotites do not provide
evidence for vertical mantle layering, and raises serious
questions regarding the use of these rocks to infer
asthenospheric compositions. Given these radically dif-
ferent models for the processes responsible for the
deformation of the sheared peridotites, and the broad
consensus that they have been metasomatised by the
magma that crystallized the megacrysts, an under-
standing of the origin of the latter suite is clearly critical
to the interpretation of compositional variations in the
upper mantle.

The conclusion drawn in the present paper—that the
megacrysts crystallized from the host kimberlite mag-
ma—is consistent with Mercier’s model. Metasomatism
of the sheared peridotites is therefore inferred to have
occurred within the narrow thermal aureole surrounding
a kimberlite magma chamber in the upper mantle.

Mineralogical and textural characteristics of Cr-rich
and Cr-poor megacryst suites

The mineralogical and textural characteristics of the Cr-
poor and Cr-rich megacrysts suites from different
localities have been described in varying degrees of de-
tail. Salient observations are summarized below.

Both Cr-poor and Cr-rich megacrysts occur either as
single crystals, or intergrown with, enclosed by, or
enclosing, other phases of the same suite. Co-existing
mineral phases in the low-Cr-suite show that garnet,
clinopyroxene, orthopyroxene and olivine crystallized
together over a wide range in temperatures (Gurney
et al. 1979; Eggler et al. 1979). With very rare exceptions,
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exsolution textures are absent in both suites at a
microscopic scale, indicating that they did not experi-
ence post-crystallization thermal equilibrium in the
mantle. However, sub-microscopic exsolution textures
reported by McCallister et al. (1979) were interpreted to
reflect cooling during rapid kimberlite ascent to the
surface.

In the Colorado–Wyoming kimberlites (Eggler et al.
1979), both Cr-rich and Cr-poor garnet megacrysts are
typically fractured. The former commonly have weakly
developed shear planes. The Cr-rich clinopyroxenes are
typically angular fragments of originally larger crystals.
Partial alteration along cleavages or parting planes ap-
pears to have accompanied the shattering of these clin-
opyroxenes. The Colorado–Wyoming Cr-poor
clinopyroxene megacrysts, in contrast, tend to be well-
rounded and ellipsoidal to ovoid, although one or two
cleavage planes may be present. Orthopyroxenes from
both suites are less rounded than other megacrysts
phases. This was inferred to reflect fragmentation along
cleavages during kimberlite emplacement. Single crystal
olivine megacrysts are rare in the Wyoming–Colorado
pipes, but dunite nodules with an aggregate texture are
inferred to be recrystallized olivine megacrysts (Eggler
et al. 1979). These includes both Cr-rich and Cr-poor
compositions.

The Granny Smith diopside megacrysts described by
Boyd et al. (1984) are normally single crystals, around
2 cm in size, but may attain 10–15 cm. Many have been
deformed, resulting in porphyroclasts of strained diop-
side in a recrystallized matrix, while some have coarse
polycrystalline textures. A considerable proportion of the
Granny Smith diopsides are intergrown with phlogopite
and ilmenite and, less commonly, rutile. Irregularly
shaped inclusions of fosterite, up to 1 cm in size, occur as
very rare inclusions in the Granny Smith diopsides.

Mosaic-textured dunites, inferred to be part of the
Cr-poor megacryst suite, are also more common than
single crystal olivines at the Hamilton Branch kimberlite
(Schulze 1984). However, megacryst olivines at Monas-
tery do not show signs of recrystallization (Gurney et al.
1979). Fe-rich dunite xenoliths, which constitute an
estimated 2% of the mantle-derived inclusions from
Bultfontein, are interpreted to be related to the Cr-poor
megacryst suite (Dawson et al. 1981). All are recrystal-
lized to a greater or lesser degree, with textures varying
from porphyroclastic to mosaic (terminology of Harte
1977).

Ilmenite occurs as both single crystals and polycrys-
talline aggregates in the Hamilton Branch and Monas-
tery kimberlite. Polycrystalline ilmenites from the latter
locality are systematically more Mg-rich than single
crystals (Schulze 1984; Haggerty et al. 1979). In contrast,
ilmenites from the Frank Smith kimberlite are virtually
all polygranular (Pasteris et al. 1979).

The Cr-rich megacrysts described by Kharkiv (1995)
from the Verkhnemunskoye kimberlites (Republic of
Sakha) are characterized by the presence of branching
stringers that are interpreted to reflect partial melting of

the host. It is not clear whether similar textures also
characterize the Cr-poor megacryst suites from these
pipes.

Meyer et al. (1979) described a ‘‘unique’’ Cr-poor
enstatite megacryst from the Weltevreden floors (South
Africa) that has inclusions of Cr-poor orange pyrope-
almandine, which in turn enclose rounded pink Cr-rich
garnets. The latter may contain inclusions of Cr-diop-
side, chromite and Cr-rich ilmenite. Abundant rounded
ilmenites are associated with the narrow gradational
chemical boundary zone between the two garnets, often
increasing in size away from the pink garnet inclusion.
This ilmenite-rich zone also contains diopside and oliv-
ine, with individual grains of these respective phases
displaying optical continuity. Irregular patches of cal-
cite, Ti-phlogopite and serpentine occur at the contact
between the orthopyroxene host and the enclosed orange
garnet. Ilmenite is a common inclusion within the host
enstatite, varying in form from irregular blebs to angular
lamellae that resemble those occurring as intergrowths
with pyroxenes.

Two mantle-derived inclusions with co-existing red
and orange garnets, recovered from the Kaalvallei
kimberlite, South Africa by WL Griffin, were kindly
made available for the present study. These samples
(designated KLV-1 and KLV-2 respectively) display
many of the petrographic features of the Weltevreden
megacryst described by Meyer et al. (1979), although
they differ in being pre-dominantly composed of garnets.
In KLV-1, the orange garnet encloses or partially en-
closes a red garnet, which in turn contains inclusions of
olivine, orthopyroxene and clinopyroxene. The bound-
ary zone between the two garnets varies from 50 lm to
500 lm in width. White rounded inclusions (typically
�200 lm in diameter) in the red garnet may be a car-
bonate, but have not been positively identified. The
interface between the two garnet color varieties is
marked by a necklace of small (generally 30–50 lm) –
irregular ilmenite blebs. Areas dominated by the red
garnet have a spongy appearance, reflecting either
alteration or incipient partial melting along the network
of fractures traversing these grains.

The Kaalvallei sample KLV–2 is petrographically
similar to KLV-1, although chemical evidence, discussed
below, shows that the red garnet in this specimen con-
sists of two compositionally distinct phases. Irregular-
shaped ilmenite grains (up to 200 lm in diameter) occur
both enclosed by the red garnet, and irregularly along
the contact with the orange garnet.

Lawless et al. (1979) and Wyatt and Lawless (1984)
have described a suite of deformed polymict peridotites
from the de Beers and Bultfontein kimberlites (Kim-
berley, South Africa.) The phase assemblage in these
rocks includes megacrysts of garnet, and clinopyroxene.
The latter may enclose, or be enclosed by, orthopyrox-
ene. Phlogopite, ilmenite, rutile and chromite are ubiq-
uitous inclusions within the clinopyroxene-
orthopyroxene megacrysts, chiefly within the orthopy-
roxene-rich areas.
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Polyphase inclusions, interpreted to represent kim-
berlitic liquids, have been described from a number of
Cr-poor megacrysts from the Monastery and Hamilton
Branch kimberlites (Gurney et al. 1979; Schulze 1984).
Haggerty et al. (1979) note that a small proportion (5%)
of ilmenites from the Monastery kimberlite contain
trapped ovoid inclusions of calcite + pyrrho-
tite + pentlandite. One of the Fe-rich dunites from
Bultfontein, described by Dawson et al. (1981), contains
serpentine-calcite-apatite-magnetite segregations, which
were also interpreted to represent trapped liquids.

Van Achterberg et al. (2002) describe inclusions,
varying from carbonatitic to kimberlitic in composition,
in megacrystic Cr-diopsides recovered from pipes in the
Slave province, Canada. They interpret the inclusions to
represent the crystallization products of liquids trapped
shortly prior to kimberlite eruption. Van Achterberg
et al. (2002) infer a lherzolitic paragenesis for the Slave
Province clinopyroxenes, as they enclose orthopyroxene,
and garnet. However, textural characteristics of the
megacrystic Slave clinopyroxenes, coupled with their
chemistry, discussed in the following section, link them
to the Cr-poor megacryst suite.

Chemical characteristics of the Cr-poor
and Cr-rich megacryst suites

Gurney et al. (1979) showed that the Cr-poor silicate
megacryst phases at Monastery formed a co-genetic
suite, characterized by a wide range in compositions,
reflecting crystallisation over a range of temperature
(1,400–950�C) under essentially isobaric conditions
(45 kbar). These authors demonstrated that ilmenite is a
relatively late-crystallizing phase at Monastery. Cr-poor
megacrysts at Hamilton Branch kimberlite (Schulze

1984) and Jagersfontein (Hops et al. 1989, 1992) were
also inferred to have crystallized over a range of tem-
peratures under isobaric conditions (55 and 50 kbar
respectively). The majority of megacrysts from Thaba
Putsoa, Lesotho, also crystallized over a very limited
pressure range (Nixon and Boyd 1973a).

Table 1 lists the ranges in composition of Cr-rich
clinopyroxene and garnet megacrysts from different
localities relative to the Cr-poor suite from the State line
kimberlites. Included in Table 1 are compositional ran-
ges of the Granny Smith diopsides, garnets enclosed by
the Weltevreden orthopyroxene megacryst, and also
clinopyroxene megacrysts associated with two polymict
peridotites, JJG 513 from the de Beers kimberlite, and
JJG 1414 from the Bultfontein pipe (Lawless et al. 1979).

Compositions of Cr-poor and Cr-rich megacryst
suites from the State Line kimberlites are illustrated in
Fig. 2. For reference, this diagram also shows the fields
for minerals from coarse granular and sheared perido-
tites from the Lesotho kimberlites (Nixon and Boyd
1973b, c). Included in the diagram are the megacrystal-
line Slave clinopyroxene and associated phases (Van
Achterberg et al. 2002), and garnets from the Weltev-
reden and Kaal Vallei nodules (KLV-1 and KLV-2).

In general, the Cr-rich megacryst suite partially
overlaps the range in compositions for granular and
sheared peridotites (Fig. 2). It is characterized by higher
Mg# (100 Mg/(Mg+Fe)) (atomic proportions) and a
range with more Cr-rich compositions relative to the Cr-
poor suite. Clinopyoxenes in the two suites show similar
levels of TiO2,but the more sub-calcic clinopyroxenes are
not represented in the Cr-rich suite. Garnets from the
Cr-poor and Cr-rich suites are also characterized by
similar ranges in TiO2 (Table 1). The tie-lines in Fig. 2
connect compositions of the Cr-rich megacryst host and
inclusions (data from Eggler et al. 1979). These tie-lines

Table 1 Comparison of clinopyroxenes and garnets from Cr-rich megacryst suits from different kimberlites with the state line Cr-poor
megacryst suite

Kimberlite Ca# Mg# TiO2 Cr2O3 Na2O Al2O3 CaO References

Clinopyroxenes
Cr-poor
State line 36–47 82.6–90.8 0.18–0.48 0.08–1.0 1.0–1.7 Eggler et al. (1979)
Cr-rich
State line 41–48 92.0–93.1 0.09–0.22 0.83–2.40 0.9–1.6 Eggler et al. (1979)
Orapa 43.6–46.9 86.1–93.8 n.d 0.71–2.88 n.d Shee and Gurney (1979)
Weltevreden 42.8 90.5 0.33 2.5 2.06 2.13 17.8 Meyer et al. (1979)
Granny smith suite:
Kimberley and
Jagersfontein >45 >90 0.2–0.35 0.5–3.0 1.29–2.04 0.85–1.89 Boyd et al. (1984)
Polymict peridotites:
Bultfontein(JJG1414) 43–45.1 91.4–92.3 0.27–0.46 2.32–2.70 2.37–2.77 1.64–2.13 Lawless et al. (1979)
de Beers (JJG 513) 41.3–48.4 88.7–92.0 0.13–1.22 0.98–3.24 0.91–2.98 0.51–3.03 Lawless et al. (1979)

Garnets
Cr-poor
State line 13–22 68.3–83.6 0.23–1.3 0.03–4.8 0.0–0.12 Eggler et al. (1979)
Weltevreden 20 81.0 0.96±11 0.33±0.44 0.12±0.08 21.5±0.49 4.05±0.80 Meyer et al. (1979)
Cr-rich
State line 14–27 81.8–84.1 0.22–0.94 6.3–13.0 0.0-.009 Eggler et al. (1979)
Weltevreden 32 81.8 0.71±0.21 9.9±0.56 0.1±0.06 15.5±0.48 8.36±0.61 Meyer et al. (1979)
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indicate that the relatively iron-rich orthopyroxenes and
garnets (i.e. lower temperature, relatively evolved com-
positions) co-exist with the most sub-calcic and Mg-rich
clinopyroxenes. It follows that the more calcic (i.e. lower
temperature) clinopyroxenes in the Cr-rich suite did not
crystallize in equilibrium with garnet and orthopyrox-
ene. It is therefore difficult to estimate the range in
equilibrium pressures and temperatures for this suite
with any confidence.

Cr-poor megacryst phases from many other kimber-
lites with a wide geographic distribution show qualita-
tively comparable crystallization trends to those
recorded at Monastery (Gurney et al. 1979) and the
State Line kimberlites (Eggler et al. 1979). However,
there are typically differences in the chemical fields for
Cr-poor megacryst suites from different pipes (Eggler
et al. 1979; Schulze 1987). The limited available data,
discussed below, indicates that there are also systematic
differences between the chemical fields for Cr-rich
megacryst populations from different kimberlites. The
distinction between the compositional fields of Cr-rich
and Cr-poor megacryst populations therefore refers to
individual kimberlites. It should be noted further that in
the Sloan-Nix pipes from the Colorado–Wyoming

cluster, there are anomalous clinopyroxene megacrysts
with compositions intermediate between the Cr-poor
and Cr-rich suites (Eggler et al. 1979). This suggests that
the chemical distinction between the two populations
may not always be clear cut.

Figure 3 illustrates the fields for clinopyroxene
megacrysts from the Mukarob 1 and 2 pipes from the
Gibeon kimberlite cluster in Namibia (data from
Mitchell 1987). These data indicate that chemically dis-
tinct Cr-rich and Cr-poor suites are present in both
pipes. Included in Fig. 3 are the compositions of Cr-rich
and Cr-poor megacrysts from the Orapa kimberlite in
Botswana (Shee and Gurney 1979). Note that in these
three pipes, both the Cr-poor and Cr-rich suites define
distinctive chemical fields that show only partial overlap.

Compositions of the Granny Smith clinopyroxenes
described by Boyd et al. (1984) partially overlap the
fields for Cr-rich megacrysts from the Mukarob 1 and 2
kimberlites (Fig. 4). This is consistent with the view
expressed by these authors that the Granny Smith suite
is chemically equivalent to the Cr-rich megacryst suite.
Ilmenites associated with the Granny Smith clinopy-
roxenes are Cr-rich (1–3% Cr2O3, Boyd et al. 1984)
relative to the Cr-poor ilmenite suite from Monastery
(typically <0.4% Cr2O3, Gurney et al. 1979; Moore
et al. 1992). This in turn links relatively Cr-rich ilmenite
megacrysts in kimberlites to the Cr-rich suite. An olivine
inclusion in a Granny Smith diopsides with a composi-
tion of Fo90.6 (Boyd et al. 1984) falls within the range for
olivines from the Cr-rich megacryst suite from the Col-
orado–Wyoming kimberlites (Eggler et al. 1979).

Compositions of the pink and orange garnets asso-
ciated with the Weltevreden orthopyroxene megacryst,
described by Meyer et al. (1979), are shown in Fig. 2 and
listed in Table 1. These plot close to the fields for the Cr-
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rich and Cr-poor garnet megacryst suites respectively
from the State Line kimberlites, and well away from the
fields for garnets from sheared and granular lherzolites.
These two garnets in the Weltevreden orthopyroxene
megacryst are separated by a narrow zone with abun-
dant (20–30%) rounded globular ilmenites. Within this
zone, the garnets show marked chemical zoning with a
decrease in Cr/(Cr+Al) and Ca/(Ca+Mg) across the
interface from the pink to the orange garnet, rather than
an abrupt compositional break. This sense of garnet
zonation is accompanied by a marked decrease in Cr
contents of the associated globular ilmenites across the
chemical interface. The ilmenites enclosed by the pink
garnet, and within the garnet transition zone, are all Cr-
rich (1.9–13% Cr2O3) relative to those (0.2% Cr2O3)
within the surrounding Cr-poor orthopyroxene mega-
cryst (Meyer et al. 1979). This provides further evidence
for linking Cr-rich ilmenites to the Cr-rich megacryst
suite.

Major-element contents of the two Kaalvallei garnet
nodules (KLV-1 and KLV-2 were analyzed by NJ
Pearson on a CAMEBAX SX50 electron microprobe at
the GEMOC ARC National Key Centre, Macquarie
University (http://www.es.mq.edu.au/GEMOC/An-
Methods/anmeth.html). The analyses were performed
with accelerating voltage of 15 keV, a beam current of
20 nA, and a beam size of less than 3 lm. The PAP
matrix correction routine has been applied (Pouchou
and Pichoir, 1984).

Representative analysis of phases in the Kaalvallei
garnet nodules KLV-1 and KLV-2 are listed in Table 2,
and included in Fig. 2. In both samples, the red garnet
plots close to the field for Cr-rich megacrysts from the
State Line kimberlites, while the orange garnets fall close
to the field for the Cr-poor suite from these pipes. This
chemical evidence indicates that the red and orange
garnets in the Kaalvallei samples are respectively related
to the Cr-rich and Cr-poor megacryst suites respectively.
This conclusion is supported by the very coarse-grained

textures of the two Kaalvallei samples, which distin-
guishes them from the sheared peridotites suite. A fea-
ture of both KLV-1 and KLV-2 is that there are marked
differences in composition of both the red and orange
garnets on the scale of each hand specimen (Table 2).

Scanning electron microprobe (EMP) images (Ca Ka
and Cr Ka) of KLV-1 show that the red and orange
garnets are separated by a narrow (50–500 lm) bound-
ary zone. Fig. 5a–d illustrate two lines of spot micro-
probe analyses that traverse this boundary, from the red
to the orange garnet, with analytical positions approxi-
mately 400 lm apart. Along both traverse lines, Cr/
(Cr+Al), Ca/(Ca+Mg) and Mg/(Mg+Ca) show sharp
decreases across the boundary between the two garnets.
This is closely analogous to the results reported by
Meyer et al. (1979) from their study of the Weltevreden
nodule. The ilmenites that occur at the contact between
the two garnets are all relatively Cr-rich (3.7–4.9%
Cr2O3, Table 2).

Within the portion of KLV-2 covered by the scanning
EMP images, the red garnet contains irregular, patchily
distributed Cr-rich and Ca-poor cores that are compo-
sitionally equivalent to G10 garnets (Table 2). These are
surrounded by a more calcic, red garnet, with lower Cr
contents, which in turn is separated from the orange
garnet by a steep compositional gradient. Chemical
differences between the red and orange garnets in this
specimen are qualitatively similar to those documented
for KLV-1 (Fig. 2; Table 2) The ilmenites enclosed by
and concentrated along the margin of the red garnet are
exceptionally Cr-rich (4.5–8.3% Cr2O3, Table 2.) This
reinforces the link between Cr-rich ilmenites and the Cr-
rich megacryst suite.

The Kaalvallei megacrysts are important because
they show mineralogical characteristics and chemical
zoning features that are very similar to those described
for the Weltevreden sample. The latter can therefore no
longer be considered ‘‘unique’’ (Meyer et al. 1979). The
composite samples from Weltevreden and Kaalvallei
also provide further evidence that both Cr-rich and Cr-
poor megacrysts are present in many kimberlites and
further, that they can co-exist on the scale of individual
hand specimens.

The megacrysts phases associated with the polymict
peridotites are Ti-and Cr-rich, and have Mg# and Ca#,
which fall within the range for the State Line Cr-rich
megacryst suite of Eggler et al. (1979) (Table 1).

The megacrystic Slave clinopyroxene described by
Van Achterberg et al. (2002) is chemically similar to
those of the Cr-poor megacryst suite, and plots outside
the field for coarse granular lherzolites (Fig. 2). The Ca#
of the clinopyroxene (42.9) is low relative to composi-
tions typical of coarse peridotites (e.g. Nixon and Boyd
1973b,c, but well within the range typical of the mega-
cryst suite (e.g. Nixon and Boyd 1973a; Gurney et al.,
1979). Garnets and orthopyroxenes enclosed by the
Slave megacrystic Cr-diopsides plot close to and within
the fields for Cr-poor megacryst, and away from those
for coarse granular lherzolites respectively (Fig. 2).
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Fig. 4 Compositions of Granny Smith clinopyroxene megacrysts
(open triangles) (microprobe data from Boyd et al. 1984) relative to
the fields for Cr-rich clinopyroxene megacrysts from Mukarob 1
and 2 (data from Fig. 2), plotted in a portion of the Ca–Mg–Fe
ternary diagram (atomic proportions; total Fe as FeO)
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These chemical relationships all point to an affinity with
the Cr-poor megacryst suite rather than coarse granular
lherzolites.

A number of detailed studies of chemical character-
istics of ilmenite suites from different kimberlites are
relevant to the origin of the Cr-rich and Cr-poor
megacryst suites. In the Monastery kimberlite, the
dominant ilmenite population in concentrates is Cr-poor
(generally <0.4% Cr2O3) over a range of MgO contents
(6.5–12%). The pipe also contains two subordinate,
chemically discrete ilmenite populations, with similar

elevated ranges in Cr2O3 (0.6–1.2% Cr2O3), but sepa-
rated by a compositional hiatus between Mg# 32–36
(Jakob 1977; Moore et al. 1992). The majority of the
ilmenites in the Mg-poorer of these latter two popula-
tions are intergrown with zircon (Moore et al. 1992).

Figure 6a-c illustrate ilmenite populations in kim-
berlites from the Kokong, Molopo-Tsabong and Orapa
pipe clusters in Botswana (data from Moore and Lock
2001.) (See Fig. 1 for their locations). There are marked
differences in the chemical fields of the ilmenite suites
from these three pipes. KN70, from the Kokong kim-
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berlite cluster in western Botswana has a very low dia-
mond grade of the order of 1ct/100t, and is non-eco-
nomic. The ilmenites from this kimberlite define a single
population, characterized by a continuous, hyperbolic
variation in MgO and Cr2O3 (Fig. 6a). While the Mg-
and Cr-poor limb could be considered to be represen-
tative of the Cr-poor megacrysts, the Mg- and Cr-rich
(up to 4% Cr2O3) limb has a chemical affinity with il-
menites shown to be associated with the Cr-rich mega-
cryst suite. Chemical characteristics of the KN 70
ilmenites therefore indicate a compositional continuum
between the Cr-rich and Cr-poor suites at this locality.

M4 is a very low-grade pipe from the Molopo-Tsa-
bong cluster from southwestern Botswana. A majority
of the concentrate ilmenites from this pipe fall within
one of two discrete compositional fields. One is relatively
Cr-poor (generally <0.5% Cr2O3), suggesting that it is
related to the Cr-poor megacryst suite. The second is

relatively Cr-rich (generally >1.5% Cr2O3), pointing to
an affinity with Cr-rich megacrysts. A few ilmenites have
compositions that fall outside the fields of these two
dominant populations (Fig. 6b). Ilmenites from many of
the associated Molopo-Tsabong kimberlites define
comparable paired Cr-poor and Cr-rich populations
(Moore 1987).

The AK1 (Orapa) kimberlite from central Botswana,
with a grade of 0.83ct/t, is currently being mined (de
Beers Annual Report 2000). Ilmenites megacrysts
(grains >10 mm in size) and macrocrysts (grains rang-
ing from 0.5 mm–10 mm in size) from this pipe are
characterized by relatively high Cr contents (1–4%
Cr2O3) at rather low MgO contents (7–10% MgO)
compared to the populations from the Kokong and
Molopo-Tsabong kimberlites (Fig. 6c). These chemical
characteristics link the AK1 ilmenites to the Cr-rich
megacryst suite. It should be noted that a rare group of
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2001) a Ilmenites—KN-70 pipe
(Kokong cluster).
b Ilmenites—M4 pipe
(Tsabong-Molopo cluster).
c Ilmenites—AK1 (Orapa) pipe
(Orapa cluster). d Ilmenites
from the BK4, BK7, BK15 and
DK1 (Letlhakane) kimberlites
from the Orapa pipe cluster,
Botswana. Note that these four
pipes, together with AK1
(Orapa) (Fig. 6c) are
characterized by different
ilmenite compositional fields
(chemical fingerprints),
although there is partial overlap
of these respective fields

Table 2 Representative analyses for garnets and ilmenites, KLV-1 and KLV-2

SiO2 TiO2 Al2O3 Cr2O3 FeO(tot) MnO MgO CaO Na2O K2O NiO Total

KLV-1
Red garnet core, traverse 1 41.19 0.56 15.51 9.94 6.52 0.14 19.74 5.77 0.09 0.01 0.02 99.49
Red garnet core, traverse 2 40.60 0.64 15.58 9.65 8.39 0.27 18.15 5.98 0.09 0.01 0.00 99.35
Red garnet average (n=12) 40.34 0.64 14.83 10.96 7.00 0.16 19.90 6.24 0.05 0.00 0.00 100.12
Orange garnet core, Traverse 1 41.52 0.58 21.50 0.73 12.37 0.47 18.53 4.51 0.07 0.01 0.02 100.30
Orange garnet core, traverse 2 41.60 0.54 21.62 0.65 12.38 0.49 18.34 4.48 0.07 0.00 0.01 100.19
Orange garnet core average (n=12) 40.77 0.58 20.70 2.13 11.12 0.40 19.48 4.83 0.06 0.00 0.00 100.07
Ilmenite (interface between garnets) 0.04 46.90 1.02 3.71 37.75 0.36 7.46 0.02 0.01 0.00 0.09 97.36
Ilmenite (interface between garnets) 0.08 44.62 0.30 4.87 39.60 0.22 6.64 0.03 0.01 0.02 0.09 96.48
Ilmenite (interface between garnets) 0.05 47.20 0.90 3.92 35.68 0.32 8.71 0.01 0.02 0.04 0.11 96.95
KLV-2
Cr-rich (G10) core to red garnet 42.03 0.01 17.45 8.30 5.94 0.19 22.55 3.27 0.00 0.00 0.12 99.84
Red garnet average (n=2) 40.59 0.60 15.03 10.60 7.50 0.18 19.64 6.21 0.08 0.00 0.00 100.43
Orange garnet core average (n=6) 41.02 0.50 20.23 2.70 11.45 0.40 19.34 4.46 0.06 0.00 0.00 100.16
Ilmenite (interface between garnets) 0.06 48.25 1.54 4.23 36.02 0.32 8.81 0.07 0.00 0.00 0.00 99.30
Ilmenite (interface between garnets) 0.08 45.92 0.45 4.23 34.10 0.05 9.77 0.02 0.01 0.00 0.00 98.68
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ilmenites from AK1, characterized by very low Cr con-
tents (generally <0.2% Cr2O3), and MgO ranging from
approximately 9.5–11.5% (Fig. 6c), occur in eclogite
xenoliths (Tollo 1982), and are thus unrelated to mega-
crysts. Ilmenite megacryst populations from other kim-
berlites of the Orapa cluster are each characterized by
diagnostic, chemically distinct fields, which are also
relatively Cr2O3-rich (predominantly in the range 1–4%
Cr2O3; Fig. 6c,d). This also points to a chemical affinity
with the Cr-rich, rather than the Cr-poor, megacryst
suite.

The ilmenite data discussed therefore provides further
evidence that the Cr-poor and Cr-rich megacryst suites
co-exist in kimberlites with a wide geographic distribu-
tion. The silicate phases related to the latter population
may have been overlooked at some localities because of
their similarity in appearance to phases in garnet lherz-
olites.

Evidence for a cognate origin for the Cr-rich
and Cr-poor megacryst suites

It is necessary to consider the possible origins of the two
megacryst suites. Several lines of field, petrographic,
chemical and experimental evidence provide over-
whelming evidence that both crystallized from the host
kimberlite magma.

The following considerations argue for a cognate
origin for the Cr-poor suite:

1. A number of Cr-poor megacrysts from the Mon-
astery kimberlite contain poly-mineralic inclusions
with bulk compositions that are very similar to the
host Quarry kimberlite. These are interpreted to
represent liquids trapped at the time of megacryst
formation (Jacob 1977; Gurney et al. 1979). Poly-
crystalline inclusions, interpreted to represent high
pressure trapped kimberlitic liquids, have also been
reported from Cr-poor megacrysts from the Ham-
ilton Branch kimberlite, USA (Schulze 1984). Sim-
ilarly, Van Achterberg et al. (2002) describe
inclusions, varying from carbonatitic to kimberlitic
in composition, in megacrystic Cr-diopsides recov-
ered from pipes in the Slave province, Canada.
They interpret the inclusions to represent the crys-
tallization products of liquids trapped shortly prior
to kimberlite eruption. These observations demon-
strate that kimberlitic megacrysts with a wide geo-
graphic distribution contain inclusions derived from
trapped kimberlitic liquids.

2. Various authors (e.g. Harte 1983; Jones 1987; Moore
et al. 1992; Davies et al. 2001) have proposed that
kimberlitic Cr-poor megacrysts are non-cognate, and
crystallized from parental magmas such as alkali
basalts or basanites. However, none of these postu-
lated parental magmas has been reported as occur-
ring as inclusions in megacrysts. Neither have these
alkaline rock varieties been found in southern Africa

as intrusions associated with kimberlites, nor as
xenoliths entrained by kimberlite. There is, in other
words, no field or petrographic evidence linking
megacrysts to any of these alkaline magmas.

3. There are systematic differences in the compositional
fields defined by Cr-poor megacryst suites from dif-
ferent kimberlites, including those from the same pipe
cluster (e.g. Eggler et al. 1979; Mitchell 1987; Schulze
1987; Griffin et al. 1997; Kostrovitsky and Mitchell
1995). Examples of such differences are illustrated in
Figs. 2 and 3). Griffin et al. (1997), Lee (1993) and
Moore and Lock (2001) note that chemical fields for
ilmenite, which is often a late-crystallizing megacryst
phase (Gurney et al. 1979) may vary significantly
between different pipe clusters, as well as between
individual kimberlites from the same cluster. Thus,
for example, there are clear differences between the
ilmenite compositional fields for different kimberlite
clusters in Botswana (Fig. 6a–c). There are also dif-
ferences in the compositional fields for different pipes
within the same cluster, as illustrated in Fig. 6c,d, for
five kimberlites from the Orapa cluster. Such dis-
tinctive compositional fields provide ‘‘chemical fin-
gerprints’’ that make ilmenite a particularly valuable
tool for recognizing undiscovered pipes during pros-
pecting operations. It is very difficult to account for
the unique chemical characteristics of ilmenite pop-
ulations in individual kimberlites from the same pipe
cluster in terms of random sampling of mantle
material. Rather, this relationship is more readily
explained by a genetic link between the host kim-
berlite magma and ilmenite, and by extension, the Cr-
poor megacryst suite.

4. The majority of diamonds in kimberlites appear to be
derived from either a peridotitic or an eclogitic
paragenesis, and are considerably older that the host
kimberlite (Richardson et al. 1984; Richardson 1986).
They are thus mantle xenocrysts sampled at the time
of kimberlite emplacement. Economic Group I kim-
berlites tend to be characterized by relatively Mg- and
Cr-rich (less evolved) ilmenite suites relative to those
in sub-economic pipes (Gurney and Zweistra 1995;
Fig. 6a–d), although there are many exceptions to
these generalizations. If ilmenite crystallised from a
precursor magma, such as a proto-kimberlite, or
other alkaline magma, and was subsequently ran-
domly entrained by both economic and low-grade
kimberlites, the link between chemistry of the phase
and diamond grade is not readily explained. The
relationships are more readily explained if ilmen-
ite—and thus the megacryst suite—crystallized from
the host kimberlite magma.

5. The chemistry of picroilmenites associated with
kimberlites point to crystallization from a Mg- and
Cr-rich parent, consistent with derivation from the
host kimberlite. Ilmenite populations in the various
alkali basalt magmas that have been proposed as
parental to the megacryst suite never extend to the
Mg- and Cr-rich compositions found in kimberlites.
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6. There are typically isotopic differences between Cr-
poor megacrysts and the host kimberlite (Kramers
et al. 1981; Davies et al. 2001) as well as between
individual megacrysts from the same kimberlite
(Hops et al. 1992; Davies et al. 2001). Nevertheless,
on a broader scale in southern Africa, megacrysts
appear to broadly mirror the isotopic signature of
the host kimberlite. Thus, Smith et al. (1995)
showed that megacrysts from the Group II Lace
kimberlite have Sr and Nd isotopic compositions
that plot close to the field for isotopically distinctive
Group II kimberlites of Smith (1983), which are
broadly equivalent to the micaceous variety of
Wagner (1914). In the Frank Smith kimberlite,
which has a Sr/Nd isotopic signature intermediate
between the fields for the Group I and Group II
suites, megacrysts have isotopic compositions clo-
sely similar to that of the host kimberlite. The
overall sympathetic variation in isotopic composi-
tions of megacrysts and host kimberlite in southern
Africa argues strongly for a genetic link. Factors
that could account for the minor isotopic differ-
ences between megacryst and host, as well as be-
tween different megacrysts from the same
kimberlite, are considered in a later section.

7. It has been demonstrated that kimberlite megacryst
suites represent the products of isobaric crystalliza-
tion over a wide range of temperatures (Gurney et al.
1979; Schulze 1984; Hops et al. 1989). The lack of
microscopic scale exsolution textures in the megacryst
suite, and failure to re-equilibrate to a constant
ambient mantle temperature requires that the parent
magma was present shortly before, or at the time of
entrainment, by the host kimberlite. Given the com-
mon occurrence of inclusions of kimberlite compo-
sition in megacrysts, and lack of petrographic or field
evidence for the presence of other alkali magmas, an
a priori assumption must be that the kimberlite rep-
resents the parent liquid.

8. Sub-microscopic exsolution textures in clinopyrox-
ene megacrysts from the Thaba Putsoa kimberlite
(Lesotho) reflect thermal re-equilibration following
entrainment to the surface by the host kimberlite.
Prior to entrainment, the crystal was apparently in
thermal equilibrium at approximately 1,300�C
(McCallister et al. 1979), implying close proximity
to the parent magma. Again, the a priori assump-
tion must be that this was the host kimberlite
magma.

9. Chemical zonation in garnets in sheared peridotites
has been ascribed to interaction with the magma that
crystallized the megacryst suite. However, in order to
maintain the chemical gradients, it is necessary that
this magma was present immediately prior to, or at
the time of, entrainment, of the peridotite xenolith
(Smith and Boyd 1987, 1989; Griffin et al. 1989).
Again, the a priori assumption must be that this
magma was the host kimberlite. By extension, the

latter was therefore also parental to the megacryst
suite.

Several lines of evidence indicate that there is also a
close genetic link between Cr-rich megacryst suites and
the host kimberlite:

1. The common association of the Granny Smith
diopsides with ilmenite and phlogopite suggests
crystallization from a Ti- and K-rich parent liquid.
The relatively high Ti contents of garnets from the
Cr-rich suite (Table 1) also points to a Ti-rich
parental liquid.

2. The limited available evidence suggests that, as is the
case for the Cr-poor megacryst suite, there are dif-
ferences in the chemical fields defined by Cr-rich
megacrysts from different kimberlites, including those
from the same cluster. This is illustrated in Fig. 3,
which shows the fields for Cr-rich megacrysts from
the Orapa kimberlite in Botswana, and two pipes
from the Gibeon field, Namibia. Compositions of Cr-
rich megacryst phases from different localities illus-
trated in Fig. 2 are consistent with this conclusion. It
is also supported by the diagnostic chemical finger-
prints of Cr-rich ilmenite populations in individual
kimberlites in the Orapa field (Fig. 6c, d). As in the
case of the Cr-poor megacryst suite, such differences
are more readily explained in terms of a genetic link
to the host kimberlite than random sampling of the
mantle during ascent (Moore and Lock 2001).

3. Worldwide, megacrysts are not confined to kimber-
lites, and are relatively common in alkali basalts
(Schulze 1987). However, the latter volcanics are
characterized by a very different megacryst phase
assemblage, which includes Al-rich augite, Al-ortho-
pyroxene, and Ti-rich amphibole, considered to be
genetically linked to the host magma (Schulze 1987).
Any model for the origin of the discrete megacrysts
should provide an explanation for the mineralogical
differences between the suites in kimberlites and al-
kali basalts. High pressure experiments on liquids of
alkali basalt compositions show that Al-augite and
orthopyroxene and Ti-amphibole are liquidus phases
(Schulze 1987). Experimental evidence (Eggler and
Wendlandt 1979; Dalton and Presnell 1998) indicates
that the early crystallizing kimberlite Cr-rich mega-
crysts (garnet, clinopyroxene, orthopyroxene and
olivine) are high pressure liquidus or near-liquidus
phases in liquids of kimberlitic composition. Com-
positions of the Cr-rich megacryst suite phases ap-
proach those of the equivalent phases in coarse,
common mantle peridotites (Eggler et al. 1979),
indicating that they could represent near liquidus
compositions in a magma generated in equilibrium
with a lherzolite source. This experimental evidence
that the early-crystallizing megacrysts are liquidus or
near-liquidus phases in their respective host magmas
provides extremely compelling evidence for a cognate
origin.
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Chemical processes linking the Cr-rich
and Cr-poor megacryst suites

Field, petrographic, mineral chemistry and experimental
studies collectively point to close a genetic link between
the host kimberlite and both the Cr-rich and Cr-poor
megacryst suites. It is therefore necessary to identify the
processes responsible for the formation of these appar-
ently different suites from the same magma. The key is
provided by the occurrence of the two megacryst pop-
ulations within individual hand specimens from the
Weltevreden (Meyer et al. 1979) Swartruggens (de Bruin
1998) and Kaalvallei kimberlites (this study). The sam-
ples with co-existing Cr-rich and Cr-poor megacryst
phases from these three localities show a number of
consistent textural and chemical patterns. Crystalliza-
tion of the Cr-rich garnets and associated megacryst
phases always preceded that of the Cr-poor suite. The
narrow boundary zone separating the two suites is
characterized by consistent zonation patterns (decreas-
ing Ca# and Mg# and Cr/(Cr+Al)) from the Cr-rich
towards the later-crystallizing Cr-poor garnet. In the
Weltevreden nodule, this appears to have been accom-
panied by fractional crystallization, involving abundant
ilmenite, reflected in the marked decrease in Cr-contents
of this phase outwards across the boundary between the
pink (Cr-rich) and orange (Cr-poor) garnets. Ilmenite
crystallization also marks the chemical boundary zone
between the red (Cr-rich) and orange (Cr-poor) garnets
in the Kaalvallei nodules.

Several studies (e.g. Gurney et al. 1979; Schulze 1984,
Hops et al. 1992) have demonstrated that the Cr-poor
megacryst suite crystallized from a melt under isobaric
conditions over a wide temperature range, and that
ilmenite is a relatively late-crystallizing phase. However,
the textural evidence from the polyphase Weltevreden
megacryst points to crystallization of a Cr-rich ilmenite
prior to that of the Cr-poor megacryst assemblage at this
locality. The abundance of ilmenites within the chemical
transition zone separating the pink, Cr-rich and orange,
Cr-poor garnets in the Weltevreden polyphase mega-
cryst suggests sudden onset of rapid crystallization of
the former phase. This would rapidly deplete the
parental liquid in Cr. As a result, the orange garnets and
ilmenites that formed later, enclosed by the (Cr-poor)
orthopyroxene megacryst, would be depleted in Cr. The
same mechanism can account for differences in Cr con-
tents of the red and orange garnets in the Kaalvallei
specimens. It is therefore proposed that compositional
differences between the two megacrysts suites can, in
part at least, be explained it terms of their relative
positions in a common magmatic crystallization event. It
is, however, necessary to identify the processes respon-
sible for triggering rapid ilmenite crystallization. Recent
experimental evidence suggests a possible mechanism.

Dalton and Presnall (1998) demonstrate that a small
degree (0–1%) of partial melting of a carbonated peri-
dotite at 6 GPa produces liquids that range from car-

bonatitic to kimberlitic in composition with increasing
melt fraction. Such melts would have a very low vis-
cosity, allowing them to coalesce and migrate to higher
levels. Because of the positive slope of the solidus at
pressures above approximately 2.5 GPa (Dalton and
Presnall 1998), these liquids would become superheated
if they did not equilibrate with the mantle during ascent.
Interruption of the ascent of a kimberlitic liquid at a
higher level, leading to magma accumulation in a tem-
porary reservoir, would result in the development of a
narrow thermal aureole in the surrounding mantle
rocks. Small volumes of kimberlitic liquid, injected into
fractures in this thermal aureole surrounding the main
kimberlite magma reservoir, would crystallize down the
temperature gradient to form the megacryst suite, with
the earliest formed megacrysts represented by the Cr-
rich suite. However, negligible crystallization would take
place in the main kimberlite magma body. This could
account for the range in megacryst compositions despite
the fact that kimberlites show little evidence for frac-
tionation . This is closely analogous to the model orig-
inally proposed by Harte and Gurney (1981), differing
only because the host kimberlite is seen as the parental
liquid of the megacrysts.

If carbonate phases were present in the mantle rocks
within the thermal aureole, the superheated kimberlite
magma would trigger local low degrees of partial melt-
ing. Ionov et al. (1993, 1996) document petrographic
evidence from carbonate-bearing peridotite xenoliths
from Spitsbergen that indicates that melting of the car-
bonate phase occurred either shortly before, or at the
time of, incorporation of the xenolith in the host mag-
ma. This is compatible with melting in a thermal aureole
surrounding the host magma in the mantle. Dalton and
Presnall’s (1998) experiments predict that carbonatitic
liquids would be produced in the cooler outer margins of
the thermal aureole, where the smallest degrees of
melting take place. Where temperatures are higher,
slightly higher degrees of melting would produce kim-
berlitic melts. The range in compositions of carbonate-
rich inclusions in clinopyroxene megacrysts documented
by van Achterbergh et al. (2002) provides evidence of the
range of melts generated within the thermal aureole
where the megacrysts formed.

Mixing of carbonate-rich melts with kimberlitic
magma injected into a fracture network would effec-
tively ‘‘contaminate’’ the latter, leading to reactions such
as:

Si2O
4�
6 þ 2CO2�

3 ! 2SiO4�
4 þ 2CO2

This would in turn lead to an increase in oxygen
fugacity, and consequently in the activity of (Ti4+ +
Fe3+). It is suggested that this was responsible for
triggering the rapid ilmenite crystallization that is indi-
cated by the textural evidence in the Weltevreden nodule
described by Meyer et al. (1979). Calcite-phlogopite
patches concentrated at the boundary between the
orthopyroxene and orange garnet in the Weltevreden
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nodule provide possible evidence for carbonate and
volatile-rich melts that mixed with the kimberlite magma
within the megacryst vein network. Mixing of secondary
carbonatitic melts with small volumes of kimberlitic
liquids injected into a fracture network surrounding the
main magma body is essentially a variation on the
magma contamination models proposed by Jones (1987)
and Hops et al. (1992)

The ilmenite-dominated crystallization recorded at
the interface between the two garnets in the Weltevreden
nodule would be expected to result in an increase in the
Mg# of the residual liquid, and thus the late-crystallizing
orange garnet. However, the Mg# of the latter is in fact
lower (Mg#=81.0) than that of the pink garnet
(Mg#=81.9) (Meyer et al. 1979). Ilmenite dominated
crystallization can also not account for the marked de-
crease in Ca# across the chemical boundary zone sepa-
rating the Cr-rich and Cr-poor garnets This indicates
that there are additional factors that influenced the
marked change in mineral chemistry across the narrow
interface separating these garnets.

Green and Wallace (1988) and Moore (1989) pro-
posed that the Mg–Fe distribution coefficient (as defined
by Roeder and Emslie 1970) between silicate minerals
and a carbonate-rich melt is significantly higher than for
a silicate melt, possibly as a result of complexing be-
tween carbonate and Mg2+ ions. The implied higher
mineral-melt Kd for carbonate-rich liquids is supported
by experimental evidence presented by Dalton and
Wood (1993). Complexing of Mg++ with a carbonate-
rich contaminant melt, and the resulting changes in Fe–
Mg distribution coefficients offers an explanation for the
hiatus in Mg# between the Cr-poor and Cr-rich mega-
cryst suites reported by Eggler et al. 1979). It would also
explain the marked decrease in Mg# from the pink to the
orange garnet across a narrow boundary zone in the in
the Weltevreden orthopyroxene nodule described by
Meyer et al. (1979), and the analogous compositional
jump across a narrow interface in the Kaalvallei garnet
nodules (Fig. 5).

The experimental evidence presented by Dalton and
Wood (1993) also indicates that carbonatitic liquids
reacting with silicate phases will become more calcitic.
This provides an explanation for the marked decrease in
Ca# across the interface from the pink to the orange
garnet in both the Weltevreden orthopyroxene mega-
cryst and the Kaalvallei samples KLV-1&2. In other
words, the marked decrease in Mg# and Ca# across the
chemical interface separating the Cr-rich and Cr-poor
garnets is dominated by changes in distribution coeffi-
cients caused by mixing (contamination) with a car-
bonate-rich liquid, that are superimposed on fractional
crystallization effects.

In summary, it is suggested that Cr-rich and Cr-poor
megacrysts are linked to a common crystallization event,
resulting from the injection of kimberlitic liquid into a
fracture network surrounding a kimberlite magma body
at depth in the mantle. The range in megacryst compo-
sitions reflects crystallization across the thermal aureole

surrounding the kimberlite magma body. This closely
follows the model proposed by Harte and Gurney
(1981), except that the host kimberlite is seen as the
parental magma for the megacryst suite. The least
evolved members of the Cr-rich megacryst suite crys-
tallized from a relatively primitive kimberlite liquid. If
phases such as carbonate and phlogopite, with low
melting temperatures, occur within the thermal aureole,
these would form secondary liquids that would mix with
(i.e. contaminate) the small volumes of kimberlitic
magma injected into the fracture network. This, in turn,
would trigger rapid crystallization of ilmenite. The
experimental evidence suggests that differences in Mg#
and Ca# between the Cr-rich and Cr-poor megacryst
suites are dominated by the effects of changing distri-
bution coefficients related to carbonate contamination
of the parental liquid. However, fractional crystalliza-
tion involving ilmenite and other Cr-rich phases would
result in the rapid depletion of Cr in residual liquids and
thus, later-crystallizing megacryst phases. In contrast to
the range in fractional crystallization in the liquids filling
the vein network within the thermal aureole surrounding
the main volume of kimberlitic magma, the latter would
undergo minimal fractional crystallization.

Isotopic and REE considerations

The field, petrographic and experimental evidence pre-
sented points to a cognate origin for the Cr-rich and Cr-
poor megacryst suites. However, it is necessary to rec-
oncile this conclusion with the evidence for isotopic
disequilibrium between megacrysts and the host magma,
as well as between different megacrysts from the same
pipe (Jones 1987; Hops et al. 1992; Davies et al. 2001).
These differences are readily explained if there are iso-
topic differences between the mantle source involved in
kimberlite generation, and the mantle at higher levels,
where the megacrysts crystallize from kimberlitic liquids
contaminated by secondary, probably Sr-rich, carbon-
atitic melts. Mixing of variable proportions of such
secondary melts with the kimberlitic magmas in the vein
network would account for the Sr isotopic differences
between different clinopyroxene megacrysts from the
same kimberlite reported by Hops et al. (1992) and
Davies et al. (2001).

A number of studies have used REE modelling to
argue that the Cr-poor megacrysts could not have
crystallized from the host kimberlite, but rather that
they are derived from one of a variety of alkali-rich
basaltic magmas (e.g. Harte 1983; Jones 1987; Davies
et al. 2001). However, all of these modelling studies have
a variety of inherent problems. Firstly, kimberlites are
characterised by a wide range in REE concentrations.
Thus, group 1A and group II kimberlites have average
La contents 368 and 818 times chondritic respectively,
and average La/Nd ratios of 1.0 and 1.38 (Smith et al.
1985). There is also a wide range in REE concentrations
within individual pipes. Thus, four samples from Jag-
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ersfontein showed a range in La from 94 to 1,145 times
chondritic, and La/Nd ratios ranging from 0.88 to 1.39
(Smith et al 1985). The Wesselton kimberlite has a range
in La varying between 368 and 854 times chondritic
(Mitchell and Brunfelt 1973; Mitchell 1986). Le Roex
et al. (2003) report a comparable range for the Kim-
berley pipes as a group. This raises a major question
mark over the appropriate kimberlite composition to use
in modelling studies.

Of greater concern is that all the modelling studies are
based on REE partition coefficients for basaltic systems.
Kramers et al. (1981) suggested that for kimberlites,
clinopyroxene-liquid partition coefficients could be up to
an order of magnitude lower than for basaltic systems.
While Davies et al. (2001) note that no experimental
data have been presented to support this conclusion, a
number of experimental studies must at least raise strong
concerns regarding the use of basaltic REE partition
coefficients for trace element modelling in (carbonate-
bearing) kimberlitic systems.

Hamilton et al. (1989) showed that over the pressure
range of 1–6 Kb, and temperatures between 1,050 �C
and 1,250 �C, partitioning of REE between carbonate
liquids and phonolitic and nephelinitic magmas is
strongly dependent on temperature, pressure and the
composition of the silicate liquid. These authors dem-
onstrated that increasing pressure, decreasing tempera-
ture and increased polymerisation of the silicate liquid
led to a concentration of REE into the carbonate liquid,
by as much as a factor of 10. Similarly, Jones et al.
(1995) quote Fielding (1992) as reporting that trace
element distribution between silicate and carbonate liq-
uids is a complex function of temperature, pressure and
composition in the range 2–8 kbar and 1,100–1,400�C.
However, Jones et al. (1995) note that these effects were
not observed in their experimental runs, which were
carried out at higher pressures (7–20 kbar), although
they did not include REE. Baker et al. (1995) demon-
strate that there are marked changes in the clinopyrox-
ene-liquid partition coefficient for Ti with increasing
partial melting just above the solidus. They speculate
that other high field strength ions, including the REE,
may show similar effects. Blundy and Dalton (2000)
show that in the systems diopside-albite, and diopside-
albite-dolomite, the clinopyroxene-liquid partition
coefficient for the HREE is up to fivefold higher for
carbonate-rich liquids compared to those for silicate
liquids. They point out that such differences offer an
explanation for the extreme LREE enrichment of car-
bonatites—and by extension, kimberlites.

The limited published values for partition coefficients
between clinopyroxene and a carbonatitic melt are
summarized in Table 3. For comparison, the table in-
cludes Cpx/melt partition coefficients determined by
Hart and Dunn (1993), using a natural alkali olivine
basalt composition. REE partition coefficients deter-
mined for silicate and carbonate-bearing systems show
little similarity, and there are also significant differences
in the ratios of the partition coefficients for the heavier

and lighter REE elements reported in different studies.
These observations raise very serious questions regard-
ing the use of partition coefficients for basaltic systems
to model megacryst equilibrium liquids if the latter are
carbonate-bearing. This conclusion is underlined by the
fact that trace element models using basaltic REE par-
tition coefficients for garnets invariably give poorer fits
than those for clinopyroxene (Jones 1987; Burgess and
Harte 2004).

There are also geological problems associated with a
number of models that use basaltic REE partition
coefficients to invoke an alkali basalt parental magma
for the megacryst suite. Thus Burgess and Harte (2004)
interpret zoning in garnets in sheared peridotites from
the Jagersfontein kimberlite to reflect metasomatism by
a MORB-source melt that crystallized the Cr-poor
megacrysts. They demonstrate that the highest temper-
ature sheared peridotites from Jagersfontein (inferred to
have been derived from the greatest depth) have the
most pronounced metasomatic imprint. They interpret
the progressively lower degrees of metasomatism in
lower temperature rocks as reflecting the evolution of
the megacryst magma with decreasing pressure and
temperature over a mantle section of some 50–75 km.
However, this interpretation is inconsistent with the
evidence from a wide variety of localities, including
Jagersfontein, that the megacryst magma evolved over a
wide (300�C) temperature range under essentially iso-
baric conditions (Gurney et al. 1979; Schulze 1984; Hops
et al. 1992).

An explanation for this apparent geological conun-
drum is provided by Fraser and Lawless (1978) and Lee
(1997), who suggested that the sheared peridotites, like
the megacrysts, formed over a very limited depth range.
These authors proposed that the apparent pressure
range indicated by many sheared peridotite xenoliths is
an artefact of slower diffusion (by several orders of
magnitude) of the trivalent Al, used for the geobarom-
eters, relative to those for the divalent ions, used in the
geothermometers. This interpretation would account for
the fact that while some geothermometers indicate a
‘‘kinked’’ geotherm at depths of around 150–180 km
within the lithosphere in many different cratonic terrains
around the world, seismic studies of the Kaapvaal cra-
ton have failed to detect any discontinuity in the mantle
at this depth (Fouch et al. 2003). If the ‘‘kinked’’ geo-
therm is indeed an artefact of the differing diffusion rates
of divalent and trivalent ions, it follows that it does not
reflect a horizontal thermal, chemical and mechanical
boundary in the mantle. Diffusion problems would not
be applicable to the megacrysts, as they crystallized from
a magma, and with very rare exceptions, do not show
evidence of subsolidus re-equilibration. The megacrysts
would therefore provide more reliable pressure estimates
over a range of temperatures.

Tainton and McKenzie (1994) suggested that the
megacrysts could have crystallized from alkali-rich
basaltic liquids like those inferred to be responsible for
the modal mantle metasomatism documented by Erlank
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et al. (1987). However, isotopic studies (Hawkesworth
et al. 1983, 1990) date the mantle metasomatism beneath
southern Africa at �150 Ma—i.e. shortly following the
Karoo volcanic episode, and roughly coeval with the
opening of the Indian Ocean. Given the evidence that
the megacrysts were formed shortly before kimberlite
emplacement (80–90 Ma for many Group I kimberlites),
they cannot be linked to the Jurassic metasomatic event.

Ilmenite chemistry

The marked range in Cr-contents of the Mg-rich limb of
the KN-70 ilmenite population (Fig. 6a) is interpreted to
reflect early fractional crystallization of this phase. This
would cause rapid Cr-depletion of the residual liquid in
the pegmatitic (megacryst) vein network surrounding the
main kimberlite magma body. The range in MgO in the
Cr-poor limb of the KN-70 ilmenite field is interpreted
to reflect continued crystallization of the phase together
with Mg-silicates. The KN70 ilmenite population is
therefore interpreted to reflect a chemical continuum
from the Cr-rich to Cr-poor megacryst suites at this
locality.

The relatively high Cr-contents of Orapa ilmenites
(Fig. 6c) require that this phase crystallized prior to
significant proportions of other Cr-rich phases such as
garnet or clinopyroxene. As the ilmenite chemical field
does not extend to very low Cr-contents (<1% Cr2O3)
relatively low proportions of ilmenites and other Cr-rich
phases such as garnet and clinopyroxene must have
formed prior to cessation of crystallization of the oxide.
The Orapa ilmenites are MgO-poor relative to those
from the KN-70 kimberlite with comparable Cr-con-
tents. The reasons for this difference are uncertain, but
may reflect earlier crystallization of Mg-rich, Cr-poor
megacryst phases such as olivine and orthopyroxene at
Orapa. Factors influencing the order and proportions in
which different megacryst phases crystallize in megacryst
liquids from different kimberlites are also not well
understood. However, they may include differences in
the composition of the parental magma, temperatures
and pressures of crystallization, or in the proportions of
low-melting components contaminating liquids in the
vein network where the megacryst suite crystallized.

The model linking the Cr-poor and Cr-rich megacryst
provides a potential mechanism to explain paired high-
and low-Cr ilmenite populations, such as those that
characterize many of the Molopo-Tsabong kimberlites
(Fig. 6b) (Moore 1987) as well as the Monastery kim-
berlite (Griffin et al. 1997). It is suggested that such
paired populations may be linked to an inhomogeneous
distribution of carbonate within the mantle. As a result,
carbonate-rich melts formed within the thermal aureole
surrounding the kimberlite magma would migrate into
and contaminate some, but not all, of the small volumes
of kimberlitic liquid injected into the associated fracture
network. This would lead to differences in the crystalli-
zation sequences of megacryst phases in different veins.

Cr-rich ilmenites would form where the phase preceded
the crystallization of significant proportions of clinopy-
roxene and garnet. The Cr-poor ilmenite population
would form where the phase crystallized after the Cr-
rich phases following contamination by a carbonate li-
quid. In terms of this model, it would be anticipated that
a carbonate melt would contaminate kimberlitic liquids
within the vein network to varying degrees, resulting in
ilmenite compositions intermediate between the Cr-rich
and Cr-poor suites. This is indeed the case in the Mo-
lopo-Tsabong kimberlites (Fig. 6b) as well as at Mon-
astery (Griffin et al. 1997). In the latter pipe, some of the
Cr-poor ilmenites enclose ovoid carbonate-sulphide
inclusion, consistent with crystallization of from a liquid
contaminated by carbonate melts. The low proportion
of Cr-rich ilmenites at Monastery suggests that, at this
locality, only a very small proportion of the vein net-
work did not experience such contamination.

Implications for the genesis of kimberlite magmas

Previous models have invoked separate magmas to ac-
count for the Cr-rich and Cr-poor megacrysts (e.g. Eg-
gler et al. 1979; Hatton 1998). The Cr-poor suite has
been linked to proto-kimberlite liquids (e.g. Griffin et al.
1989) as well a variety of other alkaline magmas that are
inferred to have been present at the time or shortly prior
to kimberlite eruption (e.g. Harte 1983; Jones 1987;
Moore et al. 1992; Hops et al. 1989; Davies et al. 2001).
These models all imply that the generation of kimberlite
magmas is a complex, multi-stage process. A far simpler
(single stage) model of formation of kimberlites is pos-
sible if both megacryst suites are crystallization products
of the host kimberlite, as argued in this study. In par-
ticular, it is unnecessary to invoke a link to magmas that
are not recorded at the surface, and are not present as
xenoliths in kimberlites, nor as inclusions in megacryst
phases. It is noted in this respect that Eggler and
Wendlandt (1979), Dalton and Presnall (1998) and
Wyllie and Lee (1999) have demonstrated that primary
kimberlitic liquids can form in equilibrium with garnet
lherzolite. This conclusion is supported by bulk rock
REE modeling studies (Tainton and McKenzie 1994; Le
Roex et al. 2003) that demonstrate that kimberlites can
be derived as primary melts from modally metasoma-
tised garnet peridotites or garnet phlogopite peridotites
such as those described by Erlank et al. (1987).

Experimental evidence (Dalton and Wood 1993)
indicates that the mineral-melt Mg–Fe distribution
coefficient (Kd) is higher for carbonate-bearing liquids
than silicate magmas. A corollary is that a carbonate-
bearing magma generated in equilibrium with mantle
phases will be more Mg-rich than expected for carbon-
ate-free systems. Small degrees of partial melting
involving a mantle carbonate would therefore produce
ultrabasic liquids that are highly enriched in incompat-
ible elements (i.e. kimberlite magmas). A quantitative
evaluation of the influence of carbonate content of liq-
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uids on crystal-melt distribution coefficients would pro-
vide important constraints on the origin of kimberlite
and other alkaline magmas.

LeChiminant et al. (1998) and Konzett et al. (1998)
document complex zonation patterns and overgrowths
in kimberlitic megacryst zircons. Both studies show that
these zircons record a wide range of ages, ranging from
that of kimberlite emplacement to 30–40 Ma earlier.
Data presented by Davis (1977) and Zartman et al.
(1997) suggest that in South African pipes, zircon ages
are restricted to a range from the time of emplacement
to only 5–10 years earlier. The zonation patterns, over-
growths and range in ages of these zircon from indi-
vidual pipes appear to reflect mantle events that predate
entrainment of the phase by the host kimberlite. This
suggests that the kimberlite magma may have been
interrupted at the depth of megacryst formation for a
significant period of time prior to eruption. It is possible
that during this halt, periodic re-fracturing of the vein
network surrounding the magma chamber may have
resulted in the injection of later pulses of kimberlitic
liquid from the main magma body. This could account
for the complex zonation patterns recorded, and the
range in zircon ages. The study of zircon ages from
individual pipes therefore offers a potentially important
window on both the nature and timing of mantle pro-
cesses that predate kimberlite eruption.

Implications for mantle composition and structure
and kimberlite diamond potential

Zoning of garnets in the sheared peridotites, and the
range in compositions of this suite of mantle xenoliths
has been ascribed to interaction with (metasomatism by)
the megacryst magma (Gurney and Harte 1980; Smith
and Boyd 1987 and 1989; Griffin et al. 1989; Burgess and
Harte 1999 and 2004). The deformation textures that
characterize many megacrysts of both the Cr-rich and
Cr-poor suites are consistent with their formation in
close proximity to the sheared peridotites. Nevertheless,
field, petrological and experimental evidence individu-
ally and collectively argue that the megacryst suites are
ultimately derived from the host kimberlite. This in turn
requires that the kimberlite was responsible for the
metasomatism of the sheared peridotites. This is con-
sistent with the model put forward by Mercier (1979) for
the origin of this suite – i.e. that the sheared peridotites
formed in a narrow envelope (� 50 m wide) surrounding
the kimberlite conduit prior to eruption. The identifi-
cation of megacrysts in polymict peridotites, interpreted
to have formed in the kimberlite conduit (Lawless et al.
1979; Wyatt and Lawless 1984), is also consistent with
the Mercier model.

The conclusion that sheared peridotites are the
products of metasomatism and thermal re-equilibration
within the thermal aureole surrounding the kimberlite
magma in the upper mantle implies that they provide no
information whatsoever on vertical variations in the

mechanical and thermal structure of the mantle and, in
particular, cannot be used to infer compositions of the
asthenosphere.

The link between kimberlites, megacrysts and sheared
peridotites has important implications for evaluating the
prospectivity of an area for the discovery of economic
kimberlites. Griffin and Ryan (1995) have proposed that
the inferred depth of equilibration of the least metaso-
matised sheared peridotites reflects the maximum depth
of diamond stability within the lithosphere. The depth
interval between the intersection of the geotherm with
the graphite-diamond inversion curve, and this inferred
maximum depth of diamond stability within the litho-
sphere is defined as the ‘‘diamond window.‘’ In general,
regions characterized by a broader diamond window
would be considered to be more prospective than those
with a narrow window. However, if the sheared peri-
dotites are the product of matasomatism by the host
kimberlite in a narrow thermal aureole surrounding a
magma reservoir in the mantle, rather than a horizontal
mechanical, thermal and chemical boundary, such
metasomatism may have occurred at different depths in
different kimberlites within the same cluster, and prob-
ably at greater depths for diamond-rich pipes relative to
associated diamond-poor pipes. The diamond window,
as determined from a single or even several non-eco-
nomic kimberlites within a cluster, would then have little
relevance for the prospectivity of the area as a whole.
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