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ABSTRACT

The Gunsfontein kimberlite contains a suite of fine-grained xenoliths dominated by orthopyroxene, and containing ilmenite,
phlogopite, and occusional garnet, with minor quantities ol olivine and sulphide.  Lamellar intergrowths of orthopyroxene and
ilmenite were observed in one sample. The fine grained orthopyroxenite assemblages were observed as discrete xenoliths, as a
vein in lherzolite, and as a zoned margin surrounding @ megacrvstic dunite. The minerals are characterized by intra- and inter-grain
chemical heterogeneity, but are on the whole compositionally similar 1o those in the abundant. highly evolved Cr-poor megacryst
suite at Gansfontein, However, they differ 1o varying degrees from megacrysts in the concentration of minor elements such as
Cr. Al and Ti. Mineral compositions in a pyroxenite vein in Therzolite are higher Cr and Mg=. and lower in Fe' than in the discrete
fine-grained pyroxenites, indicating chemical interaction with peridotite. A single zircon-bearing mica-clinopyroxenite has mineral
compositions similar to MARID xenoliths,

Fine-grained orthopyroxenites, recognized previously from the Welievreden and Mzongwana kimberlites and interpreted as
rapidly erystallized magmas, are here suggested 1o result from o reaction between megacryst magma and solid mantle peridotite,
Micu-clinopyroxenite may represent the liguid end-product of this veaction. Chemical and maodal differences of othopyroxenites
from megacrysts result from reaction with peridotitic components, Lick of bulfering by typical megacryst mineral assemblages, and
possibly shallower origins. Textures and fine-scale chemical disequilibrium indicute that reaction postdates some episodes of
megacryst formation and was probubly underway when the xenoliths were sampled by ascending kimberlite. Orthopyroxene-
warnet thermobarometry indicates an origin ol one Gansfontein pyroxenite at ~1215°C and ~3.3 GPa, similar 1o the locus of
megacryst crvstallization under East Griqualand.

The Gansfontein pyroxenites indicate interaction of magmas at shallow levels within the subcontinental lithospheric mantle
and provide evidenee for mel-peridotite reaction that includes a possible reaction relationship berween Ti-rich melt and olivine.
Simikar phase relations and processes may also play a role in megacryst petrogenesis, for which these pyroxenite xenoliths could
represent a4 small-scale, initial stage analogue. The liquid end-products of such reaction may be important components of

kimberlites and mantle metasomatic Huids,

Introduction
The Gansfontein kimberlite, situated in the Karoo north

peridotite and  occasional eclogite and pyroxenite
xenoliths, as well as rare lower crustal mafic garnet

of Beaulort West, South Africa, is one of the southern granulites, Os isotope studies of peridotites gave Re-

most kimberlites in South Africa. ~170km west of the
inferred boundary of the Kaapvaal craton (Figure 1)
Though a small and historically  litle-studied  pipe
(Rogers, 1910: Wagner, 1914; Rickwood, 1969). it
contains  abundant  mantle-derived  xenoliths, Most
prominent is o suite  of  variably-deformed,  Fe-
richmegucrysts of olivine, ilmenite and phlogopite, and
unusually abundant.  coarse-grained  zircon  (Doyle,
1999). The kimberlite also contains relatively abundant

depletion ages of =114 to ~1.2 Ga. confirming the post
Archean (/e “olf-craton™) age signature ol the mantle in
this region (Janney e al. 1999: 2001). The peridotite
xenoliths record  evidence of a high temperature
perturbation to a typical shicld geotherm (Janney et ¢l
1999; Bell et al., 2003).

Among the Gansfontein mantle xenoliths occur a
number of samples with mineral compositions similar to
those of the Cr-poor megacryst suite (Eggler ef al., 1979:
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Figure 1. Location and tectonic setting ol the Gansfontein
Kimberlite and the kimberlite sources of other xenoliths discussed

in the rext

Gurney ef al., 1979), but exhibiting unusual, fine-grained
textures. The samples are ilmenite- and phlogopite-
bearing  orthopyroxenites that  are  texwrally  and
compositionally heterogeneous on the thin section scale.
Similar samples were previously reported by Rawlinson
and Dawson (1979) from the Weltevreden Mine (Barkly
West area) and Bovd ef al. (1984b) from Mzongwana in
the East Griqualand kimberlite province (Figure 1)
In both previous studies the samples were interpreted to
result from rapid crystallization (quenching) of a magma
related to the discrete nodule (Cr-poor megacryst)
association.

Identifying the composition and origin ol mclts
parental to the Cr-poor megacryst suite has been an
important problem, because these inclusions are widely
distributed in kimberlite xenolith suites and it has been
suggested that they play an important role in mantle
metasomatism and kimberlite petrogenesis (e.g. Gurney
and Harte, 1980, Harte, 1983; Jones, 1987). There is
increasing evidence that interaction berween megacrysl
magmas and their mantle wall-rocks can be an important
aspect of megacryst compositional evolution (Jones,
1987; Neal and Davidson, 1989; De Bruin, 1993: 2003;
Bell  and 2004).
demonstrated the general importance of magma-mantle

Moore, Previous  studies  have
interaction in petrogenesis and compositional evolution
of  mantle-derived magmas, as well as in the
modification of mantle lithologies and compositions
(Kelemen e al., 1983; 1992; 1995; Kelemen, 1995; Wyllie
et al., 1989; Wagner and Grove, 1998). There is also
evidence that interaction with megacryst magmas has
played a major role in the chemical evolution of the
lower parts of the continental mantle lithosphere
beneath southern  Africa (Gurney and  Harte, 1980,
Burgess and Harte, 1999: Griffin ef al.. 2003).

In our interpretation, certain of the Gansfontein
samples provide new evidence for the setting and nature

Table 1. Mineralogical composition of samples examined in this

study.

Sample No. Minerals and modal percentages

Discrete [ine-grained pyroxenites
PMI99-048
PMD99-056
PMD99-095*
PMDYY-099

apx (43%), phl (38%). ilm (17%). oliv (tr.)

opx (50%), ilm (30%) ., phl (20%), oliv (tr.)

ilm (~15%), phl (~10%), gar (~75%)

opx (33™%), ilm (25%). gar (~25%), phl (15%), oliv
(tr), sulph (tr)

Additional samples consisting of opx, ilm. phl: PMID99-025.
PMDY9-135, PMD99-153

Discrete, coarse gretined pyroxeiite,
PNMDY9-054 opx (74%), ilm (25%), phl (19%), coarse,
aranoblastic texture

Fine-grained vein in peridotite
PMD99-078

Host: oliv (80%0), opx (15%0), cpx (394)
vein: phl (50%), opx (30%), ilm (200%),

sulphide trr)

Fine-grained pyroxenitic assemblages associated with IMEgACTYSIS.
PMDO9-057 Core: oliv (100%),

Inner (“granoblastic™) zone: opx (=88%), ilm
(10%). phl (290)0uter (fasciculate™ zone: opx,
phl. ilm tmodal zoning).

PMD9Y-()22 Primary deformed megacryst: oliv (30%), ilm
(3000)

Fine-grained assemblage partially enclosed. in

ilm: opx. phl. ilm,

Mica clinopyroxenite
PMDYY-030 cpx (50, phl 43 %rilm (5%, oliv (),

zircon (1tr.)

Peridotite
PMDOO-147
PMDOS- 154

oliv, opx. sp, coarse granular rexture

oliv, opx. couarse gmnul;lr texture

* Sample PMDOO-098 strongly altered, primary modal proportions
uncertain,

of such interaction. The utility of samples retaining
evidence of mantle-magma interaction in the form of
intra- and inter-grain - chemical  disequilibrium in
constraining the nature and timing of mantle-magma
interaction has been demonstrated  previously (Smith
and Bovd, 1987; Burgess and Harte, 1999: Griffin ef «l.,
2001). We therefore present here a description of the
petrographic and some chemical features of these fine
grained pyroxenite xenoliths, comparing them with the
Gansfontein megacryst suite, and with the Weltevreden
and Mzongwuana pyroxenites described by Rawlinson
and Dawson (1979) and Boyd et al. (1984h). We also
describe a single clinopyroxene-rich micaceous sample
that has petrographic similarities to the *MARID” suite of
micaceous xenoliths, compare its chemical composition
Lo MARIDs elsewhere, and speculate on its mode of
origin. Finally, we explore some possible implications
of our ohservations for understanding petrogenesis of
the Cr-poor megacryst suite and of kimberlite.

Samples and analytical techniques
saumples were collected in 1999 from spoil heaps of past
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Figure 2. Petrographic features of Gansfontein hyvbrid nodules. (a) Low magnification view of PMDO9-057, o couarse olivine suriounded by
By b £

a zoned, fne-grained muargin, The nner fine grained zone Gadjacent to olivine ) is mica-poor, and coarser grained, with subeqguant, blocky
orthopyroxenes. The outer zone is mici-rich and contains sheat like aggregates of fine-grained orthopyroxene. These two textures
correspond to the “granuloblastic™ and “fasciculuted” textures described by Bovd ef af. (1984b) from pyroxenites from the Mzongwana
kimberlite, East Griqualand. (b) Low magnification view ol sample PMD99-078, o fine grained vein comprising phlogopite, ilmenite and
orthopyroxene. traversing a coarse [herzolite. (e) Blocky-textured ("granoblastic™) inner zone in sample PMD99-057 showing subrounded
orthopyroxene (opx) and irregular shaped ilmenite Glmo, with interstitial, irregularly shaped isotropic serpentine patches (serp) sometimes
with calcite (eo) cores. (d) Magnified view of residual volatile-rich mineral patches between blocky orthopyroxene grains in matrix of fine
grained pyroxenite PMD99-057. (e) Lamellar intergrowth of orthopyroxene (opx) and ilmenite (ilm) in the fine-grained vein of sample
PMDOO-078. () Boundary berween line grained orthopyroxenite and olivine megacryst in PMDY9-057 showing relic olivine patch within

orthopyroxenite,
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excavitions on the kimberlite, The samples and their
mineral assemblages are listed in Tuble 1. Major element
analyses were determined on a subset of the samples
using a Cameca Camebax electron microprobe at the
Department of Geological Sciences. University of Cape
Town., A 15KV accelerating potential was used, with a
bewm current of 40 nA. Count times for CaO. MnO and
CryOy4 in garnet, and NiO and CaO in olivine were
30 seconds per element, while all other elemental oxides
had peak count times of 10 seconds. The data were
reduced with the PAP correction procedure (Pouchou
and Pichoir, 1991). Representative electron microprobe
analvses of the minerals are given in Table 2.

Results
Petrograply

The suite examined in this study consists of  eight

discrete, fine-grained pyroxenites (Le, composced of

fine-grained pyroxenite  alone), a  coarse-grained
orthopyroxenile, two composite samples consisting of
coarse megacrysts with fine-grained domains similar to
the fine-grained pyroxenites  (Figure 2a), and one
peridotite xenolith with a fine-grained pyroxenite vein
(Figure 2b). A micaceous clinopyroxenite with visual
similarity to the MARID suite of micaceous xenoliths was
also examined. The samples  described  here  are
generally small (<5¢m), but larger samples of similar
appearance were noted in the collection. Many samples
have  suffered  partial  alteration  of  the  primary
ferromagnesian silicates 1o secondary hvdrous phases,
commonly concentrated along fractures

Fine-grained discrete xenoliths,

These xenoliths occur both as rounded nodules and as
angular rock  fragments. The dominant mineral s
orthopyroxene, with ubiquitous subordinate ilmenite
and phlogopite. Garnet may be locally abundant and
trace  olivine is commonly present. Macroscopic
heterogeneity  in mineral  distribution is  common.
Orthopyroxene  exhibits @ subrounded, equant and
sometimes  blocky  habit (Figures 2a and  2¢), with
variable grain sizes (0.2 to 2.0mm), typically smaller than
the minerals in peridotite xenoliths (commonly 2 o
10mm), Himenite occurs intergrown with, and interstitial
to, the silicate phases, with rounded or lobate, amoeboid
griains  that may coalesce into irregular, vein-like
structures (Figures 2¢ and 200 Tt is normally evenly
distributed  throughout the rock, with occurrence  of
some  coarse  patches. The  garnet-hearing  sample
PMD99-099 contains a megacryst-like segregation of
polycrystalline ilmenite, 1 cem in diameter. Phlogopite
oceurs as dark-hrown, fine-grained, randomly-oriented
laths and patches (0.2 10 2mm) within polymineralic
intergrowths, varying locally in abundance o define a
crude layering. Garnet, occurring as highly fractured,
turbid, brownish grains (0.4 to 3 mm), was observed in
two  samples. Some of the garnets are  poikilitic,
containing inclusions of orthopyroxene, Sulphide wis
noted in sample PMD99-099, associated with ilmenite.

Lherzolite with phlogopite orthopyroxendite vein.

Sample PMDO9-078, a lherzolite, contains a thin (~Lem)
vein (Figure 2h) that is similar in mineralogy and texture
to the discrete pyroxenite xenoliths, This vein contains
phlogopite, orthopyroxene and  ilmenite, whereas
the lherzolite matrix consists of  a  coarse-grained
(410 5mm). protogranular assemblage of olivine (~80%),
orthopyroxene (~15%) and  clinopyroxene  (~5%).
smiller, recrystallized olivine neoblasts are also found in
the lherzolite matrix, mainly along grain boundaries and
close 1o the vein. In contrast to the lherzolite matrix, the
vein is very ilmenite- and phlogopite-rich, consisting of
~50% phlogopite, 30% pyroxene, 20% ilmenite and trace
quantities of calcite. Orthopyroxene sometimes forms
lamellar intergrowths with ilmenite (Figures 2b and 2¢)
that are similar to the texture seen in pyroxenc-ilmenite
megacryst intergrowths (Boyd and Nixon, 1973: Gurney
ef al., 1973). Similar graphic intergrowth of pyroxene
and ilmenite in a fine-grained pyroxenite was reported
by Rawlinson and Dawson (1979). Evenly dispersed
sulphide of cubic habit is unusually abundant in this
xenolith,

Composite pyroxenite — megacrysi sample.
PMD99-057

surrounded by @ fine-grained

Sample consists  of an  olivine core

pyroxenite  selvage
(Figure 2a). The core, 35mm long and varying from
10-25mm wide, may be a single deformed and partially
recrystallised olivine erystal and is dominated by large,
couarse arcas with undulose extinction. Within this large
crystal are smaller grains with a range of grain sizes,
showing variable degrees of strain and suggesting that
the  olivine  core  was  undergoing  continuous
deformation, annealing and recrystallizaton as it was
sampled by the kimberlite. The olivine core s
surrounded by inner and outer zones of fine-grained
pyroxcnite. with a texture similar to that found in the
discrete fine-grained pyroxenite samples: PMD-99-0506,
PMD-99-048 and PMD-99-099.  The
(10 ol5mm in thickness) is coarser-grained and
phlogopite,
orthopyroxenes (up to 2mm) with a sub-rounded,

inner  zone

relatively  poor in containing  larger
slightly blocky appearance. This texture, illustrated in
Figures 2a, ¢ and d, corresponds to that described as
“granoblastic” by Boyd et al. (1984h). The finer-grained
outer zone has  higher phlogopite  abundance, and
contains  orthopyroxene in sheaf-like patches (Figure
2a). Bovd et al. (1984b) termed this texture “fasciculate™.
The phlogopite has bent cleavages and is peikilitic, with
abundant inclusions of small (=0.1mm) rounded to
subhedral  orthopyroxene  grains,  Irregularly  shaped
ilmenite is interspersed throughout the whole region.,
with a similar distribution of coarse and fine grain sizes,
and appears interstitial to the orthopyroxene. Trace
amounts  of  olivine  are  dispersed  within - the
orthopyroxene-phlogopite-ilmenite matrix. One patch of
olivine composed of recrystallised neoblasts is identical
to material at the margin of the olivine core (Figure 2f).
The outer zone of this sample contains  irregular

SOUTH AFRICAN JOURNAL OF GEOLOGY
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Megacryst

PMD99-078 lherzolite with vein

||

] PMDY99-030 mica-pyroxenite
£

1 PMD99-154 harzburgite

£d  PMD99-147 spinel harzburgite
J  GANS-2 garnet Iherzolite
[] GANS-1 gamet lherzolite
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100Mg/(Mg+Fe) - olivine
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Figure 3. Histogrum showmg distribution ol aliving compositions in Ganstontein xenoliths, Olivine megaeryst data are from Dovle (19991

and cach analysis represents a single sample. Olivine data for GANST and GANS2 from P Janney (unpublished) = see Janney et al. (1999

2001, For the peridotite samples, multiple analvses are illustrated o demonstrate the compositional spread. Samples PMD99-078 and GANS-

2 have two compositions of olivine: Mg-rich coarse porphyvroclasts and less abundant Fe-rich recrystallised olivine neoblasts.

small
proportion contain centers of calcite (Figures 2c and d).

isotropic  patches of serpentine. of which a
These are thought to represent crystallization products
al a residual fluid,

In addition to the above sample that shows major
compoenents of both megacryst and pyroxenite types,
two dominantly  megacryst  samples  have  small
secondary features that are chemically similar to those of
the pyroxenite suite. Sample PMD99-022 is an olivine-
ilmenite intergrowth where the ilmenite contains an
irregular inclusion (~3.5mm diameter)  consisting of
orthopyroxene, ilmenite and phlogopite, that s
connecled 1o the kimberlite matrix that encloses the
xenolith, However, the mineralogy  (in particular
the presence of orthopyroxene and lack of fine grained
spinels and perovskite) suggests that the inclusion did
not result from kimberlite infiltration near the surface,
and may represent an assemblage crystallized from an
carlier trapped liquid. In contrast, sample PMDY9-0935
is a coarse orthopyroxene-ilmenite  intergrowth
with a secondary (host kimberlite related) phlogopite-
small  olivine

rich assemblage that includes

(FOSS8).

arains

Mice-clinopyroxenite xenolith
PMD99-030 is an
fine-grained

Sample intergrowth  of randomly
phlogopite (0.2 o 2mm),

clinopyroxene (0,05 o 0.3mm), ilmenite (0.1 o 0.5mm),

oriented,

and trace quantities of olivine (0.05 to 0.3mm) and
zircon. Phlogopite grains poikilitically enclose ilmenite,
and display undulose extinction, twinning, and chemical
zoning indicated by colour changes. lImenite is evenly
distributed  throughout, and olivine occurs as  highly
fractured remmnants.

Hmenite-orthopyroxenite.

PMID99-054 is dominantly orthopyroxene (~75%). It has
a generally coarse (0.2 1o smm), polyeryvstalline,
granoblastic texture. The orthopyroxene contains fine
exsolution lamellae of possible clinopyroxene that retain
4 constant  ovientation  across  grain boundaries,
suggesting that the polycrystalline nature may in part be
due to recrystallisation of a larger. strained  crystal.
Hmenite (25%) occurs throughout the pyroxenite as
coarse (2 1o Smm) blebs with irregular margins, the
smaller blebs appearing to be interstitial and irregularly

clongate along the orthopvroxene grain  boundaries.

SOUTH AFRICAN JOURNAL OF GEOLOGY
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The ilmenite has a polycrystalline, mosaic texture with
120° grain intersections. The ilmenite and pyroxene are
not in direct contact and it appears that their mutual
boundaries are @ conduit to late-stage uids that cause
thin veins of hydrothermal alteration products along the
interfuce. A single large (6mm),  strained,  primary
phlogopite grain is present,

Mineral Chemistry

Olivine

Forsterite (Fo) contents of peridotitic and  megacryst
olivines from Gansfontein are shown in Figure 3. The
coarse peridotite olivines have a range in Fo contents
from 90 1o 935, with the higher values occurring in
harzburgites. In most xenoliths  the  compositional
heterogeneity is minor, however, two samples, GANS-2,
a garnet lherzolite studied by Janney ef al. (1999) and
PMDYY-078, the Therzolite with a pyroxenitic vein, show
evidence for more Fe-rich compositions (Fo ~83) in the
small  recrystallized  neoblasts. The  mica-pyroxenite
sample PMDY9-030 also contains Fe-rich olivine (Fo 80
1o 82), with a higher CaO content than the megacrysts,
ranging from 0.06 to 0.10 weight %. The megacryst
olivines are the most Fe-rich (Fo 73-78); one outlying
“megacryst” olivine with Fo 88 is actually a fine-grained
secondary reaction product formed in a fracture due to
kimberlite  reaction  (see  description ol PMD99-095
above),

Hmenite

Hmenites from  the  pyroxenite suite  xenoliths are
compositionally  heterogeneous  (Table 2), with  the
graatest degree of heterogeneity Tound in the vein
sample PMD99-078. The  pyroxenite suite ilmenites
overlap the megacryst suile ilmenites with respect o the
Mg/Fe ratio (Figures 4 and 3), but have a range of Fe'™
contents that extend to very low  hematite  contents
(FHm < 5%, Figure 4). Those [rom the two discrete
pyroxenite xenoliths PMD99-048 and PMD99-099 are
closest to the compositions of the megacrysts and most
analyses are indistinguishable from them. The micu-
pyroxenite PMD99-030 and vein sample PMD99-078 are
low in Fe'', with high and variable Cr.O; (Figure S).
lImenite in the vein sample is also more magnesian, The
Gansfontein ilmenites are, with exception of a few
anomalous  megacrysts. all more  Fe-rich  than  the
Mzongwanua pyroxenites (Boyd ef al., 19840,

Phivgopite

The phlogopite in the discrete pyroxenites has higher
TiO,  and  ALO,  contents  and  lower  Mg=
[=100Mg/(Mg+re)l  than  the  single  Gansfontein
megacryst phlogopite analyzed (Table 2. Figure 6).
Al and Ti contents of the phlogopite occurring  in
the pyroxenite vein in therzolite (PMDY9-078) and in the
mica clinopyroxenite sample PMDY9-030 are similar to
those in the discrete pyroxenite samples, but the Mg= is
higher. The ALO; content ranges [rom 13.0 o 15.8
weight %, while the TiO, ranges from 3.5 t©o 3.0

* Gansfontein megacrysts
@ PMD99-048 (fud)

B PMDY9-099 (fgd)

® PMD99-078 (fg vein)

0 PMD99-030 (mica-pyx)

A Mzongwana pyroxenites

[lm 90 80 70 o0 s0 40 30 20 1o Qeik

Figure 4. Illmenite compositions  plotted in the  Hematite-
Geikiclite-Ilmenite  ternary  diagram.  Individual - Gansfontein
ilmenite megacryst analyses from Doyle  (1999) and  Bell,
unpublished data, Mzongwana pyroxenite data from Bovd ef al.
(1984h). Fad = fine-grained discrete pyroxenites, mica-pyx = mica
clinopyroxenite. The fine-grained discrete xenoliths overlap the
megacryst - compositions  substantiafly,  with  other  samples

contiining less Feo',

weight M, which is higher than observed for most other
mantle-derived micas. A late generation of mica grown
within a fracture in a megacryst (PMD99-095) has a
composition similar to that of the pyroxenite suite mica.
The Mzongwana pyroxenites have high TiO. contents
that range 1o even greater values (up to 6.8 weight %o
Bovd et al., 1984)

Orthopyroxeire

The orthopyroxene grains within the discrete pyroxenite
suite xenoliths are heterogencous with respect to ALO;
(1.8 to 3.3 weight " in garnet-bearing sample PMDY9-
099 alone), Ca= [=100Ca/ACa+Mg)] (0.9 10 3.0 and TiO,
(0.15 to 047 weight %) (Table 2; Figure 7). Al and Ti
contents are well above those seen in the megacryst
orthopyroxenes, whereas Mg=, ranging from 79.0 1o
H2.7, overlaps that of megacryst orthopyroxenes. The
vein  orthopyroxenes  are  also compositionally
heterogeneous and define a rend ol increasing ALO;
with decreasing Mg=. These orthopyroxenes have higher
Cr05 (0.08 1o 0.14 weight "0 and CaO (0.77 10 1.69
weight %) contents. In general, it appears  that
orthopyroxene  in - pyvroxenite  xenoliths — records
compositional disequilibrium on a fine scale, including
zoning ol ALO; and Mg# within  grains.  The
compositions appeuar to overlap the megacrysts  in

certain elements, but depart [rom them in broad arrays

SOUTH AFRICAN JOURNAL OF GEOLOGY




G 2

FINE-GRAINED PYROXENITES FROM THE GANSFONTEIN KIMBERLITE

1.8
T % Ganslontein m‘cgacr_\ sts L L
: ® PMDYO-04% (fed)
1 4 - W PMDY9-099 (led)
' ® PMDY9-078 (fe vein)
. 1.2 4| ©PMD99-030 (mica-pyx)
Q O Mzongwana fasciculate pyx
(o]
&) 1.0 4| AMzrongwana granoblastic pyx ¢ e
&
° 0.8 1
; (W
0.6 1
0.4 =
B
0 0 (| L T I | zlx i e — L L
10 20 30 40 50

100Mg/(Mg+Fe™")

Figure 5. lImenite CrOs v, Mg™. Data sources and abbreviations as for Figure 4.

in Figures 7a and 7h, Orthopyroxenes in the pyroxenites
from Mzongwana are similarly heterogencous (Figure 7).

Garnel

Two pyroxenite suite xenoliths contain garnet and only
PMD99-099  were analyzed.
heterogeneity was encountered in CaO, Na,O and TiO,

those  from Substantial

contents and Mg= (Figure 8). Grains are individually
zoned (Mg# 67 to 72 in the most extreme case). with
both symmetrical and asymmetrical zoning being
observed, Similar compositional heterogeneity is evident
in the Mzongwuna and Welteveeden pyroxenites.
A negative correlation between Mg= and CaO content of
the garnets (Figure 8¢) is unusual for mante-derived
which

CaO
contents range from 2.2 to 3.5 weight %, which is lower

than

suite,
The

garnets, particularly  of  the

constant

megacryst

commonly  have CaO  contents.

than megacryst garnets in general and  lower
observed for the Mzongwana pyroxenites, but very
similar to the Weltevreden sample. However, the Mg#
versus CaO trend projects towards compositions of the
most Fe-rich Monastery megacrysts (Figure 8c) that are
known to coexist with ilmenite (Gurney ef gl 1979) and
in the case of TiO, (Figure 8a), substantial overlap with
the Fe-rich Monastery compositions s attained.  For
Cra04 — Mg= relationships, this overlap is essentially

complete (Figure 8h).

Clinomroxene

Sample PMD-99-030 contains diopside with a wide
range of Mg= from 82.0 to 92,5, and very high Ti content
(0.6 to 1.2
pyroxenite from Mzongwiana (Figure 9a). However. in

weight % TiO), similar o fasciculate

marked contrast 1o Cr-poor megacryst pyroxenes and
the Mzongwana pyroxenites. it has a low Al content
(<0.05 to 1.2 weight % AlLO3) that is similar to diopside
in MARID xenoliths (Dawson and Smith, 1977) and
Granny Smith pyroxenes (Boyd ef al., 1981a) (Figures 9b
and ¢©). The range in Ca= [rom 45.9 10 50.0 is also similar
o these groups of xenaliths (Figure 9¢), The micaceous
pyvroxenite diopsides have low Cr contents (0.1 to 0.5
weight % CrO35).

Geothermobaromelry

Few opportunities for quantitative thermobarometry of
the Gansfontein pyroxenite suite xenoliths exist because
the the
of garnet in only one sample. The coexistence  of

of lack  of  clinopyroxene  and presence
carnet and  orthopyroxene allows application of the
thermobarometry based on Fe-Mg-Al exchange between
these two minerals. However. the large degree of
chemical  disequilibrium  observed  in this  sample
requires a careful application of the methods. With close
attention o petrographic contest, we selected a closely

located pair of gamet and orthopyroxene analyses as
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Figure 0. Phlogapite compositions: (a) TiO, vs. My= and (b) AL,
Vs, Mg=. The Ganstfontein megacryst composition is the mean of
fiftecen analyses of sample PMID99-032 (Doyle, 19991, PMD99-095
phlogopite is dark  red-brown mica oceurring  as secondary
replacement of megacryst phlogopite along irregular fractures,
Monastery megaeryst data from Moore  (1950), Mzongwana
pyroxenite data from Bovd ef al. (19840 and include light and
dark brown phlogopite from a mica-rich xenolith (4522218 G and
mica from a fasciculute pyroxenite (3087A) Abbreviations as for

Figure 1.

those most likely o vield the most accurate P-T

estimates. These were of a small  orthopyroxene

inclusion, enclosed near the core of a poikilitic garnet of

sample PMDY9-099, and the adjacent garnet. Pressure
and temperatures were caleulated with the  program
TPO7 (Smith, 1999) from the garnet and orthopyroxene
compositions, using the Ty, and Ppugy methods (Harley,
1984; Brey and Kohler, 1990). All Fe in garnet and
pyroxene was treated as ferrous in these caleulations.

This mineral pair produced a temperature estimate of

L1215°C at 3.30 GPua. The use of garnet rim compositions
with  the  compositional  data for  this  particular
orthopyroxene inclusion provide a marginally lower set
of P-T conditions at ~1190°C and ~3.2 GPa. This P-T
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Figure 7. Orthopyroxene compositions. (a) TiO; vs Mgz,
(b) ALO, vs. Me=, () AlLO; vs. Ca= Duta for Gansfontein
pyroxenites are multiple individual analyses of different grains and
areas ol grains, illustrating  compositional  heterogeneity.
Mzongwana pyroxenite data from Boyd ef el (1984b), including
standard  deviations of multiple analyses reported in that study.
Monastery megacryst data from Jakob (1977), Gurney ef al. (1979)
and Moore (19860 TP s the Leld of orhopyroxenes from low-
temperature peridotites from Hebron (Robey, 1981) and assorted
Lesotho kimberlites. and are thought 1o be representative of low-
temperature  lithospheric mantle  peridotite  orthopyroxene

compositions in general, Other abbreviations as for Figure 4.
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Figure 8. Garnct compositions. ta) 11O, vs, Mg=. (b} CrO, vs,
Me= and (¢} CaO vs, Mg=. Abbreviations and data sources as for

Figure 7

point is plotted in Figure 10, aleng with pressure and
temperatures  of - peridotites  from Lesotho,  East
Griqualand and the nearby Hebron kimberlite that we
have calculated from published data using the same
(T -Prks) thermobarometric methods, The preferred P-
T estimate represents  significant  deviation to high
temperature from a steady state shield geotherm at this
depth (Pollack and Chapman. 1977), in agreement with
various other features indicuting magmatic infiltration.
The temperature of 1215°C is within the range of typical
megacryst magmsa temperatures (Nixon and Boyd, 1973;
Gurney ef al.. 1979: Schulze, 1987), towards the lower
range expected of the more evolved compositions,

The depth of ~110km indicated by this pressure is
estimates  for  the

substantially — shallower  than

crystallization depths of most cratonic megacryst suites
or the Fe-Ti rich sheared peridotite xenoliths with which
they are thought 1o he associated (eg., Bovd and Nixon,
1975; Hops ef al., 1989). However, it overlaps with the
lower end of the range of pressures calculated by the
same methods for the high temperature peridotites from
the East Griqualand off-craton kimberlites.

Discussion
Summary and significance of petrographic
observations
The chemically-defined *megacryst” suite at Gansfontein
contitins both coarse and fine grained samples that exhibit
4 range of deformation textures (Doyle, 1999). whereas
the pyroxenite suite is distinguished by the intergrowth of
minerals on a fine (< Imm to Smm) scale. Thus, the fine
griain size does not simply represent the recrystallisation
of large homogenceous  domains. The  sheab like,
fasciculate pyroxenes, blocky. granoblasic pyroxenes,
and finely  intergrown,  lobate ilmenite  are  also
characteristic textures not seen in the Megacryst suite,
Rawlinson and Dawson (1979) and Bovd et al.
(19841 ascribed  similar fasciculate textures (o rapid
crystallization. amounting 1o quenching of a4 magma,
possibly in thin dikes or by inclusion of pyroxenite
magnit in kimberlite. Textures resembling those in the
natural rocks. including  silicate-ilmenite  intergrowths,
were produced by melting and  rapidly  crystallizing
samples of the Weltevreden sample BD2027 in the
laboratory (Rawlinson and Dawson, 1979). The vein-like
feature in the lherzolite (PMDY9-078) supports a
However. both
sample BD2027 and PMD99-099 contain later coarse-

magnutic origin for these xenoliths,

arained ilmenite, indicating that interpretations other
than quenching, that nvolve longer time scales must
be permissible, because residence in the mantle has
not destroyed the fine-grained “quench-like” extures.
As  discussed  later,  the  composition  of  the
finc-grained pyroxenite s also  inconsistent  with
known magmatic  liquids. For these reasons,  we
consider an alternative 1o the magmatic quenching
hypothesis.

The zoned pyroxenitic margin 1o the coarse-grained,
deformed dunite/olivine megacryst suggests that these
textures could also arise from reaction between magma
and solid mantle, The textures of the fine grained
pyroxenite zones around the coarse olivine sample
PMDY9-057 look very similar to the textures of the
discrete pyroxenite samples PMD99-048, -056 and —(099
and to similar discrete samples from the Mzongwana
kimberlite reported by Bovd ef al. (1984h). The banded
or lavered character of some xenoliths could plausibly
he caused by either igneous or metasomatic processes
involving the migration of reaction fronts. The textural
symmetry about the inclusion (PMD99-057) and the
coarse-grained vein (BD2027) suggests that such fronts
are related to the proximity of solid mantle,

The relative abundance of minerals in the fine-
grained pyroxenite suite is different to that observed for
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Figure 9. Clinopyroxene compositions, (a) T vs. Mg=, (h) A]LO;
v, Mg=. (c) ALO; vs. Cus. PMD99-032 are analyses of four
clinopyroxene  grains  from  this  xenolith, Monastery  and
Mzongwana pyroxenite data as lor Figure East Griqualand
megacryst data from Bell tunpubl) and Boyd and Nixon (1980,
Granny Smith meguacryst data from Boyd e al. (198400, Hops
(1989) and Bell tunpublished data), MARID data from Dawson and

Smith (1977), Waters (1980), Konzerr et al. (2000),

megacrysts ar Gansfontein and also to the abundances in
typical peridotite xenoliths. No garnet is observed in the
Gansfontein megacryst suite, whereas the abundance of
orthopyroxene and relative paucity of olivine in the
pyroxenite suite xenoliths is opposite to the relative
abundances  in peridotite and  the  Gansfontein
megacrysts. Trace amounts ol olivine in the pyroxenitic
rim of PMDY9-057 and in PMD99-048. -056 and -099 may
be relics of reaction, preserved in the pyvroxenite
reaction zone between a fuid and olivine-dominated
lithologies.  significantly,  the  pyroxenitic  vein  in
peridotite also contains lamellar orthopyroxene-ilmenite
intergrowths, though these are not as well developed as
seen in typical megacryst suites such as those of the
Monastery, Lesotho and Frank Smith kimberlites (Nixon
and Boyd. 1973 Boyd, 1974 Gurney et ¢f., 1979) and
have not been observed  among  the  Gansfontein
MEZUCTYSLS.

Summary and significance of mineral
compositions

Minerals occurring in the pyroxenite suite xenoliths
generally have Me= for ilmenite and orthopyroxene that
overlap  those  of  megacrysts  from  Gansfontein.
Phlogopite  has  lower Mg= than a  Ganslontein
phlogopite megacryst, although only a single megacryst
is availuble for comparison. The samples for which there
is visual petrographic evidence of peridotite interaction
have  compositions  that  are  different from  the
megierysts i terms of Mg= and  Cr. lving  at

compositions  intermediate 1o peridotite. The
ilmenites from these rocks have lower Fe'' contents.
Low Fe''/Fe was also noted for BD2027 (Rawlinson and
1979).

strong  evidence lor interaction of the magma with

Dawson, Together,  these  features  are
peridotite.

The chemical wends for orthopyroxene, phlogopite,
ilmenite and garnet in the pyroxenites all suggest that
these minerals were formed from a melt that was similar
to that which precipitated the Cr-poor megacrysts at
Gansfontein, This melt was more  Fe-rich  than  the
megacryst magma at other localities in southern Africa
(Dovle. 1999 Bell and Moore 2004, Bell, unpublished
data), including the relutively Fe-rich megacryst suile
from the Monastery kimberlite (Gurney ef al., 1979).
Garnets in the fine-grained pyroxenite suite partially
overlup the Monastery megacrysts in terms of Mg-Fe-Ti
relationships, indicating in some cases an equilibration
with Monastery-like megacryst compositions for these
components, These particular megacryst compositions
are those observed to be in equilibrium with ilmenite,
However, the lower and variable Ca contents indicate the
lack of equilibration of garnet with orthopyroxene and
clinopyroxene that normally should produce constant,
buffered Ca contents in Cr-poor megacryst suites.

In these fine-grained  xenoliths, the  chemical

disequilibrium — implied by the  compositional
heterogeneity  occurs on very  small spatial - scales,

indicating crystallization shortly before eruption of the
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comparison, the pressures and remperatures of peridotite xenoliths from East Grigualand kimberlites (Bovd and Nixon, 1979), the Helbron

(Harteheestfontein) kimberlite tsimilar to Gunsfontein. located S0km o the north) (Robey, 19815 ER. Boyd, unpublished datn and various

Lesotho kimberlites are plotted for comparison, All P-T data have been calealated using the Ty, (Harley, 19810 thermometer in combination

with the P (Brev and Kéhler, 19900 seobarometer, Solid reference line is o model conductive geotherm caleulated for o 40mWm = surfuace
RN \ ! E

hear flow (Pollack and Chapman, 1977 Dashed outline field are P-T conditions of origin inferred for rapidiv erystllized pyroxeniee

xenoliths from Mzongwana (Boyd er af 1984h).

kimberlite, as suggested by Boyd et al. (1984h) for the
Mzongwana suite. The grearest degree of relative

compositional  heterogencity  occurs  for Al in
orthopyroxene, reflecting presumably the low diffusivity
of Al in pyroxene (Sautter and Harte, 1990). Occurrence
of recrystallised olivine neoblasts with Fe-rich (~ Fo83)
compaositions in two peridotite xenoliths also indicates
that the Fe-enrichment in these samples occurred close
to the time of eruption, before signiticant diffusion into
larger, unrecrystallized olivines occurred. In the case
that
with

of the veined sample. this may  indicate

deformation  accompanied  vein  formation,

infiltration  of Fe-rich liquid from the vein into the
peridotite matrix.

Bulk compositions of fine-grained pyroxenites
The presence of megacryst-like mineral compositions,
the vein-like habit of one sample, the internal layering,

presence ol occasional idioblastic  grains and  the

presence of high temperatures are features that could

indicate an igneous origin for these  xenoliths.

In addition the fine grained nature of these samples,

with  their sometimes  radiating  arrangement  of
orthopyroxene  crystals  that recall quench  textures,
suggest the possibility of a rapidly-crystallized magma.
In order to examine this possibility we  computed
approximate  bulk  compositions by combining the
mineral compositions with our estimates of their mocdal
abundances. The results are given in Table 3. along with
analyses of similar fine grained pyroxenite suite nodules
from Mzongwana (Bovd ef al., 1984b) and Weltevreden
(Rawlinson and Dawson. 1979).

Two compositional  features  of the  pyroxenite
xenoliths preclude  them from being  silicate melis
crystallized in a closed system: their extremely low CaO
contents (<1 weight®o CaO) and their abnormally high
TiO, contents (10-12 weight% TiO,).

features are exaggerated by incorrect modal estimates. it

Even if these
is clear that the compositions are most unusual, We
suggest, instead. that these xenoliths either represent
cumulates  (where  a residual liquid  fraction  has
escaped), or they are the reaction products of melt with
solid mantle twith or without the loss of a residual liguid

fraction). One possibility is that a highly fluid, residual
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Table 3.

Whole rock compositions.,

sample PMD99-048 PMD99-099 PMD99-030
Type fad fad Mica pyx
Locality Gansfontein Gansfontein Gansfontein
5i02 389 4.7 s
T2 10.2 12.3 5.30
Al203 6.17 9.40 O 11
Cr203 0.03 0.07 018
Fe* 16.1 2(1.1 (.90
MnO) .12 0.18 [UREH
MgO) 215 19,4 15,2
Cat) (.45 (.54 1.2
Na20 .25 010 045
K20 357 147 4. 57
Mg= 7042 03,25 82.30

AND A.P. LE ROEX 297
PHN3087A PHN3088 BD2027
phl-kaers-gar-ilm pyroxenites *quench” pyx-ilm
Mzongwana East Griqualand Weltevreden
T 374 57.98
10,7 T4 1277
T 10.1 2.01
ARG .10 0,24
14.1 131 1.6
0.25 (27 0.16
21.4 19.6 23,19
902 GBS 2.27
0,42 (.30 043
(48 0.350 1.32
745 712 75,5

Compositions for Gansfontein samples caleulated from mineral composttions and proportions. Data for PHNAOSTA and PHNAGSS (hnenite-bearing pyrope

pyroxenites with prinry Kaersutite and phlogopite) by XRE fron Boyd et ale C198hy Dat for BD2027 from Raw linson and Dawson C19790 All Fe expressed

us FeO), fud = fine grnned discrete pyroxenite, mica-pyx = mici pyroxenite

carbonate fraction has escaped from the system. Tt is
rather difficult to imagine how a highly differentiated.
incompatible element-rich magma prohably related o
kimberlite could not be very rich in carbonate, vet there
is only minor evidence for its presence in these
assemblages. In this context. and given the low affinity
of high field strength elements for carbonatitic liguids. it
is also difficult 1o envisage how a carbonate-rich magma
could crvstallize to an assemblage so rich in Ti, even if
a substantial portion ol it escaped.

In contrast. the mica pyroxenite xenolith has a bulk
composition that is within a reasonable range for a silica
undersaturated, ultrapotassic silicate melt. In addition,
the bulk Mg= is close to that expected for equilibrium
with mantle (~Foul),

the mica-clinopyroxenite xenolith cannot represent the

ofl-craton peridotite Thus
magma that precipitated the Cr-poor megacrysts, or gave
rise to the fine-grained pyroxenite xenoliths, as it is too
Mg-rich. It could. however, be derived from such a
magma by subscequent  equilibration  with peridotitic
mantle, thus explaining its higher Crocontent and low
Fe''. I

parental to the megacrysts. although the solid phases

could have differentiated o form a4 magma
that record such an evolution are not in evidence, so
that we consider this possibility less likely, The similarity
of the mica pyroxenite mineral assemblage and of the
pyroxene composition to those in MARID xenoliths s
taken as evidence for a similar evolutionary puth for
these xenolith types. However, the more Ti-rich mineral
compositions in the  mica-clinopyroxenite  suggest
that its original compositions may have been ditferent,
and that it has an origin in the highly  evolved
megacryst magma that appears to be a unique feature of
the mantle bencath Gansfontein ar this time. This s
supported by the occurrence of zircon in this xenolith —
oceurrence  in MARID  xenoliths

a relatively  rare

elsewhere.

I'mplications of bybrid pyroxenite xenoliths for
megacryst-forming processes

The compositional similarity of pyroxenite-suite minerals
to megacrysts indicutes the involvement of a4 magma
compositionally similar 1o that which precipitated  the
The
pyroxenite

calculated  bulk
and, by

implication, the pyroxenite hybrid vein in peridotite, are

Gunsfontein  megacrysts.

compositions  of  the xenoliths
not compatible with known or plausible igneous liquid
compositions. Thus, it is probable that the fine grained
textures are not formed by quenching of a liquid (unless
significant quantities of liquid escaped from the system),
and that the resemblance 1o experimental and natural
magmatic quench  products s coincidental. Lack  of
chemical equilibrium at high temperature is nevertheless
unambiguous in implying relatively short timescales in
the formation of these rocks.

Pewrographic  observations  suggest that the  fine
arained textures in the pyroxenite xenoliths may result
from reaction of magma with solid mantle peridotite.
This peridotite may include dunite formed in previous
PMD99-057).
The mineral phases of the discrete pyroxenites and the

megacryst-lorming  events  (sample

vein in the peridotite sample are the same. but their

chemical  signatures  are somewhat  different due

partial - cquilibration  with  peridotite. However, the
compositions, even in this thin vein, are still much closer
1o the magmatic products than o the peridotitic wall
rock, suggesting that il these rocks are reaction products,
they are overwhelmingly dominated by the magma and
theretore imply high magma to rock ratios, This would
suggest that the pyroxenite xenoliths may represent the
loct of percolative magmatic flux through subcontinental
mantle. The macroscopic layering may represent the
reaction fronts that result from successive  episodic
pulses of magma through the system, and the occasional
overgrowths  and  unusual seen in

zoning  patterns
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orthopyroxene and garnet crystals, respectively, reflect
the compositional complexity of these events. The close
proximity to megacrystalline olivine (PMDY9-057) and
ilmenite (PMD99-099, BD2027) is of particular interest in
this regard, and may provide clues as o megacryst
forming processes. One possibility is that this fine

grained rock represents grain boundary infiltration and

metasomaltic conversion of the aureole around a locus of

megacryst magma migration such as the coarse grained
vein in BD2027. While the graphic pyroxene-ilmenite
intergrowths represent cotectic crystallization  (Wyatt,
1977: Rawlinson and Dawson, 1979), it is apparent that
this crystallization may occur during reaction between
melt and solid peridotite.

An unexplained ohservation is the uniformly high
orthopyroxene content of these xenoliths wherever they
have been found thus fur. This high proportion is

unexpected for the solidification or reaction products of

a highly silica-undersaturated melt and is at odds with
the proportions of olivine o orthopyroxene seen in
what are regarded as the true magmatic  products,
namely the Ganstontein megacrysts themselves. One
possibility is that the high Ti content of the magma
results in a reaction of the following type:

(Mg.Fe),Si0, + TiO, = (MgFe)TiO; + (MgFe)Sio,

olivine liquid ilmenite orthopyroxene

At Monastery, the onset ol  pyroxene-ilmenite

intergrowths  coincides  approximately  with  the

disuppearance  of  olivine  from  the megacryst
fractionation sequence (Gurney ef al. 1979. Moore
1986). This observation supports the proposed reaction
relationship between titaniferous megacryst magmits and
magnesian mantle olivine. We suggest that the unusual
textures of the lamellar pyroxene-ilmenite intergrowths
could be linked to growth under conditions of this
reaction relationship and  draw  attention to  their
ocourrence in the pyroxenile vein in peridotite (sample
PMD99-078). With increased evolution of the megacryst
magmas, this reaction relationship would be required to
cease, because the more Fe rich. Ni-poor olivines, such
as those coexisting with  zircon. occur in stable
coexistence with ilmenite.

In a hybrid,
assemblages are dictated by liquid phase  relations,

melt-dominated  system, mineral
although the mineral proportions and their compositions
will reflect those of the bulk system. Therefore,
megacryst minerals are expected o precipitate, but in
proportions  different o those normally observed in
megacryst suites. We  thercfore propose  that the
pyroxenite xenoliths record the interaction of megacryst
magmas with peridotite at relatively high  integrated
fluid/rock ratios. such that compositional features of the
magma prevail, but complete conversion to liquidus
proportions of minerals has not yet occurred. In the case
of sample PMD99-099, for example, garnet (which is
absent in the megacryst suite at Gansfontein) crystallizes
because in interacting with peridotite, the bulk

composition is adjusted so that the garnet phase volune
is intersected, as it would be for more primitive
megacryst magnias. A similar situation arises for the
orthopyroxene-ilmenite  intergrowths, which normally
oceur at compositions less evolved than those found in
the  Gansfontein - megacryst  suite. However,  the
interaction with peridotite shifts liquid compositions to
mimic @ more primitive melt composition, resulting in
the intersection of reactions characteristic of less evolved
megacryst magmas.

The pyroxenites. in preserving o snapshot ol the
process of invasion ol megacryst magma into peridotite,
presumably represent processes at the margin of the
megacryst-forming event. However, it is an interesting
question as to whether these incompletely equilibrated
assemblages also represent a time slice during  the
conversion of mantle into 4 megacryst-bearing zone by
the infiltration and  metasomatic action of a melt.
In sample PMDY9-099, megacryst-like garnet grows by
the interaction of Fe-rich megacryst magma  with
peridotite. It is not clear what the equilibrium final
assemblage for this particular mix of magma and
peridotite is, or how it might change with additional
input of melt. However, in the model explored here,
both garnet and orthopyroxene with approximately
megacryst like compositions can be produced by the
reaction  of megacryst magma  with  peridotite,  This
observation may have significant implications for the
petrologic models of megacryst compositional evolution,
namely that megacrysts can be  formed by the
metasomatic conversion of peridotite by melt at high
melt/rock ratios, such that compositional features of
peridotite are by and large erased, but that the megacryst
phase assemblage is dictated by details of the reaction
between  the two  components.  Megacryst-forming
processes have in the past been considered largely in
terms of magmatic evolution such as might be expected
in magma chambers or plating out of crystals on the
walls of veins or other conduits. We envisage that
megacryst formation may  involve more  solid  state
reaction than generally recognized.

Finally, the textures and compositional heterogeneity
that argue strongly for the existence of a1 megacryst
magma at the time of kimberlite eruption make it rather
likely that the two events are intimately related.
Kimberlites are far from liquids, containing a great
deal of solid mantle material, but the liquid component
in them may derive from this megacryst magma.
Reaction  of  megacryst magma  with  peridotite
to produce high-Mg= liquids that are highly enriched
in incompatible elements, as proposed for the origin of
the Gansfontein  mica-clinopyroxenite, can  account
for many geochemical features of kimberlites and
various metasomatic fluids (Jones. 1987, Harte ¢t al.,
1993).

Conclusions
Fine grained xenoliths dominated by orthopyroxene,

phlogopite  and  ilmenite  have  Fe-rich  mineral
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compositions that are similar 1o those of megacrysts
from Gansfontein, but differ in several  significant
respects. [U is proposed  that they formed by the
interaction of megaeryst magma with solid mantle in the
form of peridotite, and previously formed megacryst
veins or aggregates. The mineral textures, proportions
and  compositions  observed in these fine  grained
pyvroxenites provide evidence for processes of melt-solid
reaction in the mantle and suggest that these may be
important in generation of the Cr-poor megacryst suite
in kimberlites.
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