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ABSTRACT

A comparison is made of the major- and minor-element compositions of spinel-group minerals that occur as single-crystal
macrocrystsin kimberlites from southern Africa (approximately 1500 grains from 20 kimberlites on the Kaapvaal and Zimbabwe
cratons) with those from a variety of mantle xenoliths from southern Africa and North America (approximately 150 xenoliths).
Extensive compositional overlap between macrocryst and xenolith samples leads to the conclusion that most macrocrysts of
spinel-group minerals are likely to be xenocrysts from garnet-bearing peridotite. None are considered to be igneous phenocrysts
related to the host kimberlites. Chromian spinel with Cr/(Cr + Al) > 0.88 is derived from garnet-free assemblages that have bulk
Cr/(Cr + Al) valuestoo low to form garnet, or from assemblages in which aluminum is partitioned into a different phase, such as
metasomatic phlogopite. Such Cr-rich macrocrysts are more common in Group-I kimberlites than in Group-11 kimberlites. Mod-
erate degrees of metasomatism produced spinel-group minerals enriched in Fe, Ti and Cr in many Group-| suites, but chromite
xenocrystsfrom highly metasomatized assembl ages (e.g., zircon-bearing) are uncommon. Unusually Fe- and Ni-rich macrocrysts
unique to the Lace mine are from Fe-rich orthopyroxene-bearing peridotites or pyroxenites that may be the product of impact-
induced mantle melting associated with the Vredefort structure. Regional variationsin chemical characteristics of spinel-group
minerals suggest that the mantle is more “fertile” [i.e., lower Cr/(Cr + Al) values] near craton margins (e.g., Lighobong on the
southeastern margins of the Kaapvaal Craton). Though situated on the Kaapvaal Craton, the Jwaneng suite of “spinel” has chemi-
cal characteristicssimilar to Orapaand L etlhakane suites, which suggests closer affinity to the Zimbabwe cratonic mantlethan the
Kaapvaal mantle.
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SOMMAIRE

Je présenteici une comparaison, en termes des éléments majeurs et mineurs, de la composition des minéraux du groupe du
spinelle présents sous forme de macrocristaux uniques dans les kimberlites de I’ Afrique australe (environ 1500 grains provenant
de vingt kimberlites des cratons de Kaapvaal et de Zimbabwe) avec ceux d'une variété de xénolithes du manteau provenant
d’Afrique australe et d’ Amérique du Nord (environ 150 xénolithes). Un chevauchement important des populations de
macrocristaux et de xénolithes méne alaconclusion que danslaplupart des cas, les macrocristaux de spinelle (sensu lato) seraient
des xénocristaux libérés de fragments de péridotite agrenat. 11 n'y apas d’ évidence qu'ils pourraient étre des phénocristaux issus
de la kimberlite héte. Tout spinelle chromifére ayant un rapport Cr/(Cr + Al) supérieur a 0.88 doit étre dérivé d' un assemblage
sans grenat, ou lavaleur globale du rapport Cr/(Cr + Al) est trop faible pour former un grenat ou bien ot I’ aluminium est réparti
dans une autre phase, par exemple la phlogopite d’ origine métasomatique. De tels macrocristaux sont plus répandus parmi les
kimberlites du groupe | que dans ceux du groupe Il. Une métasomatose de moyenne intensité aurait produit des minéraux du
groupe du spinelle enrichis en Fe, Ti et Cr dans plusieurs suites kimberlitiques de type |, mais les xénocristaux de chromite
provenant d' assemblages résultant d’ une métasomatose intense, par exemple ceux qui contiennent le zircon, sont plut6t rares. Les
macrocristaux inhabituels riches en Fe et en Ni provenant de la mine Lace semblent uniques; ils se sont formés a partir de
péridotites & orthopyroxéne ou de pyroxénites qui pourraient bien avoir été produits par fusion due a I'impact qui a causé la
structure de Vredefort. Les variations régional es en caractéristiques compositionnelles des minéraux du groupe du spinelle font
penser que le manteau est plus“fertile”, ¢’ est-a-direqu’il posséde un rapport Cr/(Cr + Al) plusfaible, présdesborduresdu craton,
par exemple a Lighobong, le long de la bordure sud-est du craton de Kaapvaal. Quoique situé sur le craton de Kaapvaal, le
spinelle delasuite de Jwaneng partage des caratéristiques avec celui des suitesd’ Orapa et de L etlhakane, ce qui pourrait indiquer
une affinité plus grande avec le manteau sous le craton de Zimbabwe qu’ avec celui sous le craton de Kaapvaal .

(Traduit par la Rédaction)

Mots-clés: kimberlite, spinelle chromifére, magnésiochromite, Afrique australe.
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INTRODUCTION

Members of the spinel solid-solution group of min-
eralsareimportant, though typically minor, constituents
of many igneous and metamorphic rocks. Astheir com-
positions are controlled by a variety of factors, includ-
ing temperature and pressure of equilibration, mode,
bulk composition and oxygen fugacity, spinel-group
minerals are important petrogenetic indicators (e.g.,
Irvine 1965, 1967, Haggerty 1991, Roeder 1994).

The chemical composition of minerals in the spinel
structural group varies considerably. In this paper, the
term spinel-group minera or simply “spinel” refers to
any member of this group without specific reference to
composition. The term aluminous spinel refers to com-
positions with Cr/(Cr + Al) < 0.50 (molar), and
chromian spinel refersto those with molar Cr/(Cr + Al)
> 0.50. Magnesiochromite indicates chromian spinel
with molar Fe?*/(Fe?* + Mg) < 0.50, and chromite re-
fersto chromian spinel with molar Fe**/(Fe&** + Mg) >
0.50. Spinel indicates aluminous spinel with molar Fe?*/
(F&#* + Mg) < 0.50.

Aluminous or chromian spinel isacommon constitu-
ent of mantle peridotites, and is well known as a minor
phase in peridotite xenoliths brought to the surface by
kimberlites and akaline volcanic rocks. Coarse single
crystals of spinel-group minerals, referred to as
macrocrysts (which indicates grainsthat are coarser than
matrix minerals and typically larger than ~0.2 mm),
occur in such volcanic rocks, and most are probably
xenocrysts derived by disaggregation of mantle xeno-
liths, although a phenocryst origin has been proposed
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for some (Mitchell & Clarke 1976, Griffin et al. 1994,
Grutter & Apter 1998). Magnesiochromite also occurs
asamineral inclusion in natural diamond (e.g., Meyer
1987). Compositions of spinel-group macrocrysts have
been widely used in exploration for kimberlitesand dia-
mond (e.g., Gurney & Moore 1993, Gurney et al. 1993).
Although a number of investigations have been di-
rected toward kimberlite-derived spinel-group
macrocrysts from a variety of perspectives, most have
been primarily concerned with the macrocrysts as an
indicator of diamond potential (e.g., Daniels & Gurney
1989, McCallum & Waldman 1991, Wyatt et al. 1994,
Gurney et al. 1993, Fipke et al. 1995). Fewer studies
have been directed at relating spinel-group macrocrysts
to mantle sources or to understanding them as indica-
tors of mantle processes (e.g., Haggerty 1991, Griffin et
al. 1994, Schulze 1996, Grutter & Apter 1998). The
origin and significance of spinel-group macrocrysts is
here approached through an analysis of chromian and
aluminous spinels from various kimberlites in southern
Africa and a comparison of these populations with
spinel-group minerals from mantle xenoliths.

THE DATASET

In this investigation, approximately 1500 chromite
macrocrystsfrom 20 kimberlitesin southern Africawere
characterized by electron-microprobe analysis. The
kimberlites are primarily located on the Kaapvaal Cra-
ton, but include two from the Zimbabwe Craton.
Kimberlite locations are shown in Figure 1. Eleven are
Group-l kimberlites (Bultfontein, Kamfersdam,

TABLE 1. COMPOSITION OF SPINEL-GROUP MINERALS {AND AN ORTHOPYROXENE INCLUSION)
’ FROM VARIOUS ASSEMBLAGES [N THIS STUDYY

sample §i0,' TiO, ALO, Cr,Q, FeD PeO,

MoQ MgO NG

+

Zn0 CaQ Totwl or [

0401 4203 2214 1875
008 1,07 STOE 1885 870
5694 004 041 078 637 nalt
003 003 6324 252 842 209

1 248 531
2
3
4
5 004 143 090 610 2002 1171
6
7
El

4.02

000 618 070 3521 I8R5 2284
003 002 6541 2850 379 156
005 w2 3140 3910 1016 11§
9 000 140 157 6511 1478 402
10 005 240 585 6037 1176 3,19
1 0.03 117 14§ 6563 1476 3.68
12 001 041 160 63.06 1280 3.07

135 789
020 217 019 012 001
014 3419 014 na (40 9947
.05
042 RB11 015 011 Q.00 9903
037 520 012 000 000
0.03
017 17.03 0.10 €19 000
029 117 010 012 000
02l
0.34 1151 011 010
032 1240 010
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99.49

0.8416 0.6178
09051 0.5358

032 006 0

2081 112 013 000 5844 0.026] 01851
09766 0.5810
92.47 09712 07570
9387 002B% (.0795
99.06 0.4575 0.2508
9514 09653 04138
1472 016 006 000 9877 Q8737 0.30%6
0.00 93.30 09630 B4IBS
98.87 0.9662 0.3669

2462 049 003 0.00

0.1 000

" gxide values in welght perceat, * gr = molar Cri{Cr + Al), fz = molar Fe™*i{Fe®' + Mg}, " 1.2 = not analyzed

1. Ni-rich chromite macrecryst, Lace mine (LAC-C1-c3). 2. Chromite macrncryst with orthopyroxene inclusion, La_ce
miing (LAC A-a3). 3. Orthopyvrosene inclusian in chromite maerocryst, Lace mine (LAC A-a3). 4. Ni-rich alkremile
spingl, Kealvallei mine (13-54-02), 5. Chromite ffom potassic richterite-phlogopite assemblage, Hamilton Branch
kimberlite, Kentucky (12-89-29). 6. Chromite included in zircon maerocryst, (rapa mine, Botswana (IS%O—_ZI). ) 7.
Spinel in gamet websterite. Premiier mine, South Aftica {13-57-4}. 8. Spinel in symplectitic intergrowLh with diopside
in Iherzolite, Kaalvallel mine, South Africa (13-52-57). 9, Magnesiochromite in harzhurgite, Kamfersdam mina,
Kimberlgy, South Afiica {13-47-4), 10. Mapnesiochromite in lherzolite, Kamfersdumn mine, Kimberley, South Aftica
(13-47-5). 11. Magnesiochramits associated with orthopyrexene and phlogopite in harzburgite, Boshof Road dump.

Kimberley, South Affica (13-41-26). 12.M

iochromite

d with diopside in olivine megacryst, Boshol Road

dump, Kimberley, South Africa (13-41-27).
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Fic. 1. Locations of kimberlites, sources of the spinel-group macrocrysts in this study,
relative to magjor Archean cratonic units in southern Africa. 1 Orapa, 2 Letlhakane, 3
Jwaneng, 4 Finsch, 5 Bobbejaan, 6 Frank Smith, Balmoral and Eendrag, 7 Bultfontein
and Kamfersdam, 8 Loxtonsdal, 9 Blaauwbosch, New Elands and Roberts Victor, 10
Star, 11 Lace, 12 Jagersfontein, 13 Lighobong and Kao, 14 Monastery. Craton bounda-
ries after de Wit et al. (1992), Carlson et al. (1996) and Ayres et al. (1998).

Jagersfontein, Balmoral, Frank Smith, Monastery in
South Africa, Kao and Lighobong in Lesotho, and
Jwaneng, L etlhakane and Orapain Botswana), and nine
are Group-11 kimberlites (Finsch, Roberts Victor,
Blaauwbosch, New Elands, Bobbejaan, Star, Lace,
Eendrag and Loxtonsdal, all in South Africa), with clas-
sifications following Smith (1983). (In an alternative
scheme of classification, Mitchell (1995) referred to
Group-1 kimberlites as kimberlites, and Group-11
kimberlites as orangeites.) Most macrocrysts were se-
lected from heavy-mineral concentratesin the sizerange
0.25-2.0 mm (primarily 0.5-1.0 mm), with afew from
the Lace mine in the range 3.0-4.0 mm. In addition,
approximately 150 ultramafic xenoliths containing
spinel-group minerals from kimberlites in southern Af-

ricaand North Americawere studied, to provide adata-
base for comparison with spinel-group macrocrysts.
Mineralswere analyzed with aCameca SX-50 el ec-
tron microprobe at The University of Toronto using
standard wavelength-dispersion techniques. Synthetic
and natural standards were used, with counting times
ranging from 10 s for major elements to 60 s for minor
elements, such asZn and Ni. The datawere reduced with
PAP correction procedures. Details of the procedure are
givenin Vicker (1997). Thetabulated mineral chemical
data can be downloaded from the Internet by connect-
ing tothe University of Toronto Department of Geology’s
WWW server at URL HTTP://www.geol ogy.utoronto.
ca. Follow the link to “Software and Data Sets From
Our Researchers’. Table 1 of this paper contains chemi-
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cal datafor spinel-group minerals from avariety of as-
sociations in this study.

SUMMARY OF CHEMICAL CHARACTERISTICS
OF “SPINEL” MACROCRYSTS

In Figure 2, populations of “spinel” macrocrysts
from kimberlitesin thisstudy are shown in termsof their
molar Cr/(Cr + Al) and Fe*/(Fe?* + Mg) values. Calcu-
lations of Fe** and Fe3* were based on the constraints
of stoichiometry, with formulae normalized to three
cations. Although the populations of spinel-group
macrocrystsin this study are quite varied (especialy in
detail), many populations on the Kaapvaal Craton
(Group-1 kimberlites Bultfontein, Kamfersdam,
Jagersfontein, and Group-11 kimberlites New Elands,
Blaauwbosch, Roberts Victor and Finsch) are dominated
by magnesiochromite in the approximate ranges 0.80 <
Cr/(Cr + Al) < 0.90 and 0.30 < Fe?*/(Fe?* + Mg) < 0.50.
In the Group-1 Orapaand L etlhakane suites on the Zim-
babwe Craton in Botswana, the “spinel” populations
also correspond to these ranges, but their compositions
trend to both more Fe- and Cr-rich and to more Mg- and
Al-rich values (chromite and spinel, respectively), and
the population from the Group-l Frank Smith mine
(Kaapvaal Craton) is similar to these, though Frank
Smith compositions do not extend into the spinel field.
The Group | waneng kimberlite, also in Botswana, but
located in the northwestern region of the Kaapvaal Cra-
ton, hasamacrocryst population that is somewhat simi-
lar to those from Orapa and L etlhakane. Suites from the
Group-I Lighobong and Kao kimberlitesin Lesotho, on
the southeastern margin of the Kaapvaal Craton, and the
more centrally located Group-I1 Loxtonsdal kimberlite,
contain many samples with low Cr/(Cr + Al) values,
similar to the Botswanasuites, but these kimberliteslack
chromite with elevated Cr/(Cr + Al) and Fe**/(Fe** +
Mg) values.

The chromian spinel populations in four suites (the
Group-I1 Star, Bobbejaan and Lace kimberlites and the
Group-I Balmoral kimberlite) have higher average Fe?*/
(F&?* + Mg) vaues. In the cases of Bobbejaan, Star and
Lace, there are significant numbers of grains with Fe?*/
(Fe2* + Mg) above 0.50. In this regard, these suites are
similar to the Botswana examples, but they lack the sig-
nificant population of Al- and Mg-rich spinel found in
the Botswana suites. At Lace, there seemsto be aclear
bimodal distribution of Fe?*/(Fe?* + Mg) values, with
37 of 98 grains having Fe?*/(F&?* + Mg) greater than
0.50. Thereis not a clear separation at Bobbejaan, and
too few dataexist for Star to comment on their distribu-
tion. Although the Balmoral suite contains chromian
spinel with a high average Fe*/(Fe** + Mg) value, it
does not contain many examples of chromite [Fe?*/(Fe?*
+ Mg) above 0.50], but few of the magnesiochromite
compositions have Fe2/(Fe#* + Mg) below 0.40. The
composition of a chromite macrocryst with an orthopy-
roxeneinclusion fromthe Lace suiteisgivenin Table 1.
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Aluminous spinel [Cr/(Cr + Al) < 0.50] is not abun-
dant in any of these kimberlites, but it does occur, and
some examples from Jagersfontein and Star are nearly
Cr-free. These samples are discussed further below, in
terms of their minor-element contents.

InFigure 3, variationsin Ni content (wt% NiO) with
Fe?*/(Fe#t + Mg) values are shown. Chromian spinel
from Lace is emphasized in this figure; the grains of
chromite [Fe?*/(F&** + Mg) > 0.50] are characterized
by elevated Ni values (up to 0.35 wt% NiO, e.g., Table
1), in contrast to the magnesiochromite group [Fe?*/
(F&* + Mg) < 0.50], in which NiO is less than 0.21
wt%). Enrichment in Ni is not evident in chromite from
Group-I kimberlites, and only two such grains of
chromite were found in the mgjor Group-11 kimberlite
population (both from Loxtonsdal). Ni values from
chromite at Bobbejaan and Star are also relatively low
(<0.23 wt% NiO), unlike those at Lace, but similar to
Group-I chromite macrocrysts. Ni also correlates posi-
tively with calculated Fe** in chromite from Lace, indi-
cating presence of the NiFe3*,0,4 spinel component
(trevorite).

A few grains of spinel (sensu stricto) from Group-I
and Group-I1 kimberlites have high Ni values (0.39—
0.63 wt% NiO) (Fig. 3; four from Jagersfontein, one
from Orapa and two from Finsch). These Ni-rich grains
havelow Cr/(Cr + Al) values[most with Cr/(Cr + Al) <
0.15].

Figure 4 illustrates TiO—NiO relationships in the
population of macrocrysts. At Lace, TiO, does not dis-
tinguish chromite from magnesiochromite, asthe entire
suite varies in Ti from low (<0.5 wt% TiO,) to high
(~3.0 wt% TiOy), regardless of iron content. Ti-rich
chromian spinel (>3.0 Wwt%TiOy) isprominent in Group-
| kimberlites, a characteristic shown by all the Group-I
kimberlitesin this study (though not indicated on a pipe-
by-pipe basis on Fig. 4). In contrast, Ti-rich chromian
spinel is not as abundant in most Group-11 kimberlites,
though all suitesin this study have at |east some grains
with morethan 2.0 wt% TiO,. A few samplesfrom both
Group-I and -Il kimberlites correspond to the Lace
chromite group in terms of TiO,—NiO relationships (in-
cluding the two NiO- and Fe-rich examples from
Loxtonsdal, illustrated in Fig. 3, which, at approxi-
mately 1% TiO,, are not unusual). The chromian spinel
from Star and Bobbejaan does not appear to resemble
chromite from Lace in NiO-TiO, characteristics, but is
similar to other Group-11 (and -I) macrocrysts.

TiO, — Cr/(Cr + Al) relations are shown for the
macrocrysts in Figure 5. The strong concentration of
data pointsin the range 0.8 < Cr/(Cr + Al) < 0.9 is evi-

Fic. 2. Molar Cr/(Cr + Al) and Fe?*/(F&?* + Mg) values of
spinel-group minerals occurring as macrocrysts derived
from kimberlitesin this study. The number next to the name
of each kimberlite refersto itslocation in Figure 1.
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Fic. 3. Variation of Ni with molar Fe*/(Fe?* + Mg) in “spinel” macrocrystsin this study.
For Lace, symbols designate chromite ver sus magnesi ochromite macrocrysts and those
cases of magnesiochromite intergrown with garnet. The compositions of Star and
Bobbejaan macrocrysts are distinguished from one another by different symbols.
Dashed line outlines the field of chromite macrocrysts at Lace (two grains excluded).

dent for all populations. High-Ti chromian spinel is
more prominent in the Group-1 suites at high Cr/(Cr +
Al) values (> ~0.88) than in the Group-1l population.
The cluster of Group-I data near Cr/(Cr + Al) = 0.90
and TiO, between 3.0 and 3.5 wt% corresponds to a
concentration of data points from Balmoral.

V ARIATIONS IN MACROCRYST SiZE AND SHAPE

In most suitesin this study, “spinel” grains were not
characterized by shape prior to preparation of polished

sections, although this was done for the Blaauwbosch
suite and afollow-up suite from Lace. At Lace, follow-
ing analysis of a population of 98 randomly selected
grains, the shapes of which were not documented, 119
additional grains (representing al “spinels’ in a small
split of heavy-minera concentrate) were selected from
the 1-2 mm size-range. Of the 55 grains that were clas-
sified as anhedral, 20 are chromite and, of the 64 that
were classified as euhedral to subhedral, 12 are chromite
(Fig. 6). Nine coarse grains of chromian spinel (al
anhedral) were recovered from the Lace 3—4 mm frac-
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tion (in which spinel-group minerals are uncommon),
four of which are chromite (Fig. 6).

In the Blaauwbosch suite, 20 of 50 grainswere classi-
fied as euhedral, and the only noticeable relationship be-
tween shape and composition is that the two most
aluminous compositions[Cr/(Cr + Al) = 0.60: Fig. 2] are
anhedral. Thus there does not seem to be any discernible
relationship between mineral composition and habit in
the two suites in which this aspect was examined.

“SPINEL” FROM MANTLE XENOLITHS

Figures 7-10 illustrate chemical characteristics of
chromian and aluminous spinel from mantle assem-
blages. Data for 82 of these samples (“spinel” — garnet
or “spinel” — pyroxene + garnet composite xenocrysts
from Kimberley, Lace and Roberts Victor kimberlites
and “spinel” + garnet peridotites from Jagersfontein and
Kimberley) were published by Schulze (1996) and
Schulzeet al. (1997). These data are supplemented here

by results of 73 new analyses of spinel-group minerals
from mantle xenoliths from southern African and North
American kimberlites, representing a greater range of
parageneses of spinel-group minerals from the upper
mantle. The data in these figures are heavily weighted
toward garnetiferous chromian-spinel-bearing assem-
blages from Kimberley (Bultfontein and Kamfersdam
kimberlites and xenoliths from various tailings dumps
in Kimberley), and thus the distribution of data is un-
likely to reflect accurately the relative abundances of
different “spinel”-bearing rock types in the upper
mantle. The range of rock typesis broad, however, and
includes garnet-bearing and garnet-free peridotites
(Iherzolite, wehrlite, harzburgite, dunite) from Cr-rich
to Al-rich examples, representing a variety of locations
in North America and southern Africa. Also included
are PKP (phlogopite — potassic richterite peridotite) as-
semblages (aKimberley phlogopite— potassic richterite
peridotite, aBultfontein LIMA [lindsleyite-mathiasite]-
bearing assemblage and a potassic richterite — phlogo-
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pite — chromite xenolith from Hamilton Branch, Ken-
tucky), garnet — spinel websterite from Premier, South
Africa and Sloan, U.S.A., akremites (garnet—spinel
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Fic. 6. Ni — Fe?*/(Fe?* + Mg) relationships in Lace
macrocrysts, categorized by size and shape. Circles repre-
sent grains from the 1-2 mm size fraction (55 anhedral
grains and 64 euhedral to subhedral grains). Eleven grains
from the 34 mm fraction are all anhedral. Dashed line
enclosesthefield of chromite at L ace, taken from Figure 3.

rocks) from Kaalvallei, Roberts Victor and
Jagersfontein, South Africa, and chromite-bearing zir-
con xenocrystsfrom Orapa, Botswana (likely xenocrysts
from highly metasomatized peridotitesor MARID [mica
—amphibole —rutile — ilmenite — diopside] rocks). This
petrologically and geographically diverse suite of xe-
noliths may give a reasonable picture of the range of
compositional variations expected of spinel-group min-
erasin different mantle assemblages. Table 1 contains
compositions of spinel-group minerals from a selection
of these samples.

Figure 7 illustrates Cr/(Cr + Al) and Fe?*/(Fe* +
Mg) values of chromian and aluminous spinels from
these various mantle assemblages. Spinel compositions
from some garnet-bearing assemblages extend to ex-
tremely low Cr contents, such as those from the
alkremites and a Premier websterite with Cr/(Cr + Al)
in the range 0.004 to 0.029 (e.g., Table 1). The compo-
sition of spinel-group minerals from garnet-bearing
peridotite assemblages spans the Cr/(Cr + Al) range
from 0.116 to 0.876. That from garnet-free peridotite
rangesfrom similarly low values of Cr/(Cr + Al) (0.098)
to Cr/(Cr + Al) values much higher than those from
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chromian spinel from assemblages that contain potassic
richterite. The dashed line represents the range of “ spinel”
compositions calculated by Roeder (1994) to bein equilib-
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garnetiferous assemblages (to 0.968). A diverse group
of rock typesisrepresented by chromian spinel with Cr/
(Cr + Al) > 0.88, including peridotites (harzburgite,
Iherzolite and wehrlite) that lack phlogopite as well as
mica-bearing varieties. The most extreme Cr/(Cr + Al)
values are from chromite and magnesiochromite in
metasomatized potassic-richterite-bearing peridotites
(the PKP rocks of Erlank et al. 1987) and chromite in-
cluded in zircon from Orapa, in which Cr/(Cr + Al)
values reach 0.995 (e.g., Table 1).

Also shownin Figure 7 isthe range of “spinel” com-
positions that would be in equilibrium with forsteritic
olivine (Fogo) at 1000°C, as calculated by Roeder
(1994), which is consistent with spinel-group minera
compositions in the “olivine-spinel mantle array” of
Arai (1994). A more magnesian bulk-composition (e.g.,
olivine with Fo > 90) or a higher temperature of equili-
bration, or both, would shift equilibrium compositions
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of spinel-group mineralsto more magnesian valuesthan
thelinein Figure 7.

Comparison of NiO — Fe?*/(Fe?* + Mg) and TiO, —
NiO relations of spinel-group macrocryst populations
in Group-I and -1l kimberlites, illustrated in Figures 3
and 4, with “spinel” from mantle xenoliths (Figs. 8, 9)
shows that the vast majority of the macrocrysts have
compositions matched by spinel-group minerals from
peridotites. The chromian spinel macrocrysts from the
Lace magnesiochromite group and from Star and
Bobbejaan are a so reasonably well-matched by “ spinel”
from peridotites. Some Bobbejaan macrocrysts have
slightly lower Ni contents at dlightly more Fe-rich com-
positions than chromian spinel in peridotite, but the dif-
ference is small (Fig. 8).

Most of the chromite (sensu stricto) macrocrysts
from Lace are not matched by chromian spinel from the
mantle xenoliths in this study. The chromite datain the
Lace suite extend to significantly higher NiO values at
high Fe-contents (Figs. 3, 8), and thereis little overlap
between the two populations in TiO, — NiO space
(Fig. 9). The two cases of chromian spinel from peri-
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Fic. 8. Ni — Fe?/(F&#* + Mg) relationships in spinel-group
minerals from mantle xenoliths. Dashed line outlines the
field of anomalous chromite macrocrysts from Lace, and
the solid line outlines the field of chromian spinel
macrocrysts from Star and Bobbejaan. Two compositions
of alkremite-derived spinel with NiO > 1.0 wt % are not
shown.
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dotite that do apparently overlap with the chromitefrom
the Lace suite in this diagram are not as Fe-rich [Fe?*/
(Fe* + Mg) = 0.31, 0.34] and thus do not correspond to
the chromite at Lace.

A subset of spinel-group mineralsin xenoliths, with
approximately 0.2-0.4 wt% NiO and 0.2 < Fe?*/(Fe?* +
Mg) < 0.4, has few equivalents in the macrocryst suite
(cf. Figs. 4, 8). These xenolith grains are dominantly
spinel (sensu stricto), which are more aluminous than
most of the macrocryst grains (cf. Figs. 2, 6), and gener-
aly lower in Ti. The chromian spinel in the xenoliths
have awide range of Ti values (Fig. 10).

Several macrocrysts are enriched in Ni (0.39-0.63
wit% NiO) at low iron contents [Fe?*/(F&?* + Mg) <
0.30] in Figure 3. These are similar to spinel composi-
tionsin akremite and garnet websterite xenoliths (Fig. 8
and Mazzone & Haggerty 1989), and those from
akremite from Kaalvallei (Table 1) extend to even
higher Ni values (to 1.1 wt% NiO).

Discussion
Peridotite sources
The vast majority of “spinel” macrocrysts from both

Group-1 and Group-11 kimberlites in southern Africa
analyzed in this study have major- and minor-element
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Fic. 9. Ti — Ni relationships in spinel-group minerals from
mantle xenoliths. Fields outlined are asin Figure 8.
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concentrations equivalent to spinel-group minerals in
peridotite xenoliths, indicating that the macrocrysts are
likely xenocrysts derived by disaggregation of such peri-
dotites during incorporation of xenoliths and ascent and
eruption of the kimberlite host. As there is extensive
overlap in the compositional characteristics of spinel-
group minerals from garnet-bearing and garnet-free
peridotites evaluated in this study, at Cr/(Cr + Al) val-
ues of “spinel” between approximately 0.12 and 0.88,
macrocrysts in this range cannot be assigned with con-
fidence to originsin garnet-bearing or garnet-free asso-
ciations.

The distribution of Cr and Al between garnet and
spinel-group mineralsis pressure- and temperature-de-
pendent (e.g., O'Neill 1981, Brey et al. 1991). The
maximum Cr/(Cr + Al) value of chromian spinel coex-
isting with garnet in this study, 0.88, is approximately
that predicted from the experimental work of Doroshev
et al. (1997) and Girnis & Brey (1999) for peridotitic
assemblages equilibrated on a conductive subcratonic
geothermal gradient at pressures of about 55-60 kbar.
These conditions correspond to the maximum depth of
origin of garnet peridotite xenoliths from a variety of
kimberlites in southern Africa and North America, ap-
proximately 150-200 kilometers (e.g., Finnerty & Boyd
1987). The examples of chromian spinel in peridotitein
this study that have Cr/(Cr + Al) greater than 0.88 are,
therefore, not likely to have formed in equilibrium with
garnet. If these chromian-spinel-bearing assemblages
have equilibrated under approximately the same pres-
sure and temperature conditions as the garnet-bearing
peridotites, the absence of garnet can be explained by
chromian spinel crystallizing in bulk-rock compositions
too low in auminum [i.e., high Cr/(Cr + Al) values] to
alow garnet to form, or by partitioning of aluminum
into other phases, such as phlogopite (e.g., Boyd et al.
1999). Both of these explanations probably apply to
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Fic. 10. Ti — Cr/(Cr + Al) relationships of compositions of
spinel-group minerals from xenoliths in this study.
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peridotites with a Cr-rich [Cr/(Cr + Al) > 0.88] spinel-
group minera in this study (lherzolite, harzburgite and
wehrlite), as some examples contain abundant phlogo-
pite, whereas others appear to be phlogopite-free.
Chromian spinel associated with zircon and potassic
richterite has the highest Cr/(Cr + Al) in this study, and
these samples are discussed below.

The Cr/(Cr + Al) value of approximately 0.88 is of
fundamental importance in the population of samples
in this study (both xenoliths and macrocrysts). As dis-
cussed above, in the xenolith population, chromian
spinel with Cr/(Cr + Al) greater than 0.88 does not co-
exist with garnet (Figs. 7, 10). In the macrocryst popu-
lations, there is a large decrease in the number of
compositions having Cr/(Cr + Al) exceeding 0.88 (es-
pecialy well illustrated in Fig. 5), particularly in the
Group-I1 macrocryst populations, including both types
of chromian spinel from Lace. This is also evident in
the Group-1 macrocryst population, but lessdramatically
s0, and many of the Group-1 macrocrysts with Cr/(Cr +
Al) greater than 0.88 are enriched in Ti (Fig. 5). Al-
though spinel-group minerals with Cr/(Cr + Al) values
below 0.88 can exist in the absence of garnet, the distri-
bution of Cr/(Cr + Al) values (dominantly in the range
0.80-0.88) in macrocrysts suggests that the bulk of them
coexisted with garnet prior to disaggregation.

Relatively aluminous spinel compositions [e.g., Cr/
(Cr + Al) < 0.60] appear to be more common in the
xenolith suite (Fig. 7) than among the macrocryst popu-
lation (Fig. 2). Although peridotites that contain such
spinel-group minerals are fairly common in xenolith
suites from kimberlites in southern Africa (e.g.,
Carswell et al. 1979, 1984, Hervig et al. 1980), in many
examples the “spinel” grains occur in a symplectitic
intergrowth with pyroxene (e.g., Dawson & Smith 1975,
Boyd et al. 1999). The spinel component of these
intergrowthsis only tens of micrometersin thicknessin
many cases, and thus may not occur in the heavy-min-
eral concentratesin the sizerange examined in this study
(>0.25 mm). Furthermore, a significant number of xe-
nolith samples in this study are from North American
kimberlites (e.g., 14 samplesfrom Sloan, Colorado), and
the mantle sampled by these kimberlites may be, on
average, more aluminous than the mantle sampled by
southern African kimberlites in this study. The vast
majority of spinel-group samplesfrom peridotitesinthe
Colorado—Wyoming kimberlite province, for example,
have Cr/(Cr + Al) less than 0.50 (Eggler et al. 1987a).

Zircon and PKP (extreme metasomatic) sources

In terms of Cr/(Cr + Al) values, the most strongly
depleted compositions of chromian spinel are those in-
cluded in zircon from the Orapa mine and the PKP-re-
lated assemblages from Kimberley and Kentucky,
referred to here as the “extreme metasomatic” suite.
Although compositions of the chromian spinel from the
Bultfontein LIMA-bearing assemblage and from one of
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the Orapa zircon crystals overlap the compositional
fields of chromian spinel from typical garnet-free peri-
dotite assemblages (Fig. 7), the most extreme metaso-
matic compositions fall beyond the range of chromian
spinel from the other types of xenaliths (Figs. 6-8).
They are Fe- and Ti-rich [0.68 < Fe?*/(Fe** + Mg) <
0.76 for four of five grains in zircon], and Ti values
range to 6.3 wt% TiO, (Fig. 9).

Only one chromite macrocryst in this study, from
Lace, which is Fe- and Ti-rich [Fe2*/(Fe&®* + Mg) =
0.641, 8.33 wt% TiO,, and off scalein Fig. 4] and Ni-
poor (Fig. 3), and thus apparently not part of the Lace
Fe-rich suite, is similar to chromite derived from zircon
and PKPfrom the extreme metasomatic suite. Two other
Lace samples, although with high Fe?*/(Fe?* + Mg) val-
ues (0.66-0.70: Fig. 6) are Ni-rich extensions of the
unusual Lace chromite suite, and not similar to chromite
from the extreme metasomatic assemblages. Even at
Orapaand the Kimberley pipes, where the zircon-hosted
and PKP-xenolith-hosted samples of chromian spinel
occur in relative abundance, no chromite macrocrysts
corresponding to the extreme metasomatic type have
been observed. The extreme metasomatic type of
chromite is, therefore, not a significant contributor to
the macrocryst populations in the southern African
kimberlites in this study.

A number of macrocrysts have compositional char-
acteristics that are intermediate between those in the
peridotites xenaliths in this study and those of the ex-
treme metasomatic assemblages, such as some Ti-rich
chromite (sensu stricto) from Orapa, Jwaneng,
Balmoral, Frank Smith, Jagersfontein and the
Kimberley pipes (Fig. 2). In addition to the presence of
the PKP-hosted and zircon-hosted assemblages, other
metasomati c assembl ages, such as chromian and niobian
rutile + ilmenite have been described in xenoliths from
most of these locations (e.g., Haggerty 1983, Tollo &
Haggerty 1987, Schulze 1990). TheFe-, Ti- and Cr-rich
macrocrysts may be derived from metasomatic assem-
blages not present in the xenolith population in this
study.

Low-Cr peridotite and alkremite sources

Spinel (sensu stricto) macrocrysts are not common
in the populations in this study. Only 16 grains out of
approximately 1300 have Cr/(Cr + Al) values below
0.50, for example. NiO — Cr/(Cr + Al) relations of these
relatively aluminous macrocrysts are compared to spinel
from xenolithsin Figure 11. Spinel from garnet-bearing
or garnet-free peridotite matches well most of the
macrocrysts in this range. The most Cr-poor
macrocrysts, such as those from Star and Jagersfontein,
with Cr/(Cr + Al) < 0.02, may be xenocrysts derived
from pyroxenites or alkremites. No macrocrystsin this
study have the very high Ni contents (>1.0 wt% NiO)
characteristic of the spinel from alkremite found at
Kaalvallei (Fig. 11).
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Sources of chromian spinel at the Lace mine

There aretwo distinctly different suites of chromian
spinel macrocrysts at the Lace mine. Magnesiochromite
compositions [Fe?*/(Fe?* + Mg) < 0.50] are similar to
most other macrocrysts interpreted as xenocrysts from
peridotites (dominantly garnet-bearing) in this study.
Unlikeall other macrocrysts considered, however, asig-
nificant number at Lace have Fe*/(Fe&?* + Mg) > 0.50
at Cr/(Cr + Al) <0.90 (Figs. 2, 6). Most of the chromite
at Lace is also richer in Ni than most of the chromite
macrocrysts or chromite in peridotite xenoliths from
other localities, and these two chemical characteristics
mark the Lace chromite suite as unique in southern Af-
rica. A few of the chromite grains at Lace have low Ni
contents (Fig. 4), and may be simply more Fe-rich “or-
dinary” chromian spinel, such as some of the Fe-rich,
Ni-poor grainsfrom Orapa, L etlhakane, Bultfontein and
Jwaneng.

Only one of the unusual Ni-rich chromite
macrocrysts from Lace contains asilicate inclusion that
helpsto constrain the origin of thissuite. Sample LAC—
A—a3, an anhedral grain, contains a single inclusion of
orthopyroxenewith Ca/(Ca+ Mg) =0.010 and Mg/(Mg
+ Fe) (mg) = 0.905 (Table 1). It cannot be demonstrated
that this orthopyroxene equilibrated with garnet, and
determination of itsequilibration conditionsisrestricted
to estimating the temperature of formation using pyrox-
ene thermometry. Single-pyroxene thermobarometry
(cf. Boyd & Nixon 1973) using the Finnerty & Boyd
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Fic. 11. Ni — Cr/(Cr + Al) relationships of spinel (sensu
stricto) compositions from xenoliths and macrocrysts in
this study.
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(1987) pyroxene thermometer yields a temperature of
approximately 1050°C. If this pyroxene equilibrated on
atypical cratonic geothermal gradient, thistemperature
would correspond to adepth of approximately 150 kilo-
meters, well within the stability field of garnet, but this
estimate has large uncertainties associated with it.

Although a mantle origin for the Ni-rich chromite
suite from of Lace is suggested by the conditions of
equilibration outlined above, the paragenesis is poorly
constrained, and such chromite could be derived from a
variety of peridotites or pyroxenites. The presence of
the orthopyroxene with mg = 0.905 is consistent with a
peridotite assemblage dightly more Fe-rich than typi-
cal mantle peridotite. For example, at Kimberley, gar-
net |herzolites (Boyd & Nixon 1978) contain olivine
(0.91 < mg < 0.94) that coexists with orthopyroxene
(0.92 < mg < 0.95). Peridotite xenoliths that could aid
in understanding the origin of the Ni-rich chromite suite
are not known from the Lace kimberlite; high-pressure
xenoliths at Lace are dominated by mantle-derived Cr-
poor garnet megacrysts and eclogites, as well as garnet
granulites of lower crust origin (Schulze & Helmstaedt
1988). The absence of xenoliths with chromite similar
to the Lace Ni-rich chromite suite in other kimberlites,
and the apparent virtual absence of such chromite
among macrocrysts from other southern African kim-
berlites, suggest that anomalously Fe-rich peridotite or
pyroxenite occurs in the mantle below the Lace kim-
berlite, and not in other regions of the southern African
mantle.

Results of U/Pb dating of zircon extracted from
mafic garnet granulite xenoliths (lower crust) from Lace
indicate high-temperature recrystallization coincident
with the nearby 2020 + 3 Ma Vredefort impact (Moser
1997, Moser & Hart 1998). Taken together with evi-
dence for impact-triggered basaltic magmatism near the
center of the eroded crater, it may be that effects of the
Vredefort meteorite impact event extended through the
lithosphere (Moser et al. 1999). Thus, it is possible that
the geochemical anomaly indicated by the Ni-rich
chromite macrocrysts of the Lace suite may be related
to Vredefort impact-related processes that extended to
depths of at least 150 kilometers, explaining the appar-
ent uniqueness of this composition of chromian spinel
in southern Africa.

Chromite macrocrysts as kimberlite phenocrysts?

Several investigators have suggested that at |east
some macrocrysts of chromian spinel from kimberlite
are genetically related to their host kimberlitic magmas
(e.g., Mitchell & Clarke 1976, Griffin et al. 1994,
Grutter & Apter 1998). Macrocrysts of aluminian
magnesiochromite have been interpreted by Mitchell &
Clarke (1976) as phenocrysts formed in the early stages
of kimberlite crystallization. Although small euhedraof
“spinel” of identical composition occur in matrix oliv-
ine in some kimberlites, and thus may be genetically
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related to the kimberlite host, the compositional trends
of these “spinels’ (small euhedra and macrocrysts) in
terms of Cr/(Cr + Al) and Fe?*/(Fe?* + Mg) isidentical
to that of spinel-group minerals from xenoliths in this
study (Fig. 7). The relatively large macrocrysts of this
composition areinterpreted as originating as xenocrysts
from mantle peridotites, and a phenocryst model is not
needed to explain the macrocryst data.

Griffinet al. (1994) suggested that some macrocrysts
of chromian spinel, characterized by elevated Ti and Ni
contents, among other chemical variables, are pheno-
crysts from early stages of crystallization of Group-I|
kimberlite. Schulze (1996) showed that compositions of
chromian spinel from various xenoliths match such
characteristics, however, and in the present study, most
of the chromite macrocrysts have been shown to have
compositional and physical characteristics consistent
with a mantle xenocryst origin. A few examples of
chromian spinel from Bobbejaan and Star exhibit mi-
nor chemical differences from the xenolith population
of chromian spinel (and in fact these grainsare lower in
Ni than those that match well the chromite from xeno-
liths), but these small differences are not considered sig-
nificant. All the chromite in the Star and Bobbejaan
kimberlites is considered to be xenocrystic.

Grutter & Apter (1998) proposed that some rela-
tively Ti-rich chromite macrocrysts are of magmatic
origin. They suggested that chromian spinel with Cr
contents higher than those coexisting with garnet “ can-
not be derived from mantle peridotite” and are “early
magmatic phenocrysts that crystallize from their host”
(Grutter & Apter 1998). They presented their chromite
data on plots of wt% Cr,03 versus wt% TiO,, and la-
beled the dloping field of compositions of chromite co-
existing with garnet “MAXCR”. In Figure 12,
compositions of chromian spinel from xenolithsin this
study are plotted on such adiagram. The MAXCR field
of Grutter & Apter (1998) corresponds well with the
compositions of chromian spinel in garnet-bearing as-
semblages, but several compositions of chromian spinel
from garnet-free peridotites lie above the MAXCR line
(Fig. 12). Severd of those samples are composite py-
roxene — chromian spinel grains from Kimberley. Al-
though they probably are peridotite xenocryst
assemblages, they could conceivably have a variety of
origins. Others, however, are chromian spinel from vari-
ous types of peridotite xenoliths (Table 1). These in-
clude harzburgite 13-47-4 and lherzolite 13-47-5 (both
of which are phlogopite-poor to phlogopite-free) in
which the chromian spinel grains are randomly distrib-
uted, as well as examples in which grains of chromian
spinel are preferentially associated with pyroxene or
phlogopite or both. Thelatter include aharzburgite with
chromian spinel — orthopyroxene — phlogopite clusters
(13-41-26) and a 10-cm megacryst of olivine in which
chromian spinel is spatially associated with
clinopyroxene (13-41-27). Thus, it is clear that
chromian spinel with Cr contents above MAXCR can
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be derived by disaggregation of mantle peridotite, and
need not be considered magmatic.

Regional variations in chromian spinel populations

Although thereis substantial compositional variation
in populations of spinel-group minerals from the
kimberlitesin this study, there are rel ationshi ps between
chemical characteristics and geographic or tectonic set-
ting. Most “spinel” populations from the main cluster
of kimberlites in the southwestern regions of the
Kaapvaa Cratonin Figure 1 (Kamfersdam, Bultfontein,
Blaauwbosch, New Elands, Roberts Victor,
Jagersfontein) have very restricted ranges in Cr/(Cr +
Al) and Fe**/(F&?* + Mg), asillustrated in Figure 2, as
doesthe main group of magnesiochromite at Finsch (the
Finsch suite also contains several Cr-poor outliers).
Other suitesin the same region have similarly restricted
ranges in Cr/(Cr + Al), but have higher average values
of Fe?*/(Fe** + Mg) (e.g., Bamoral, owing to few Mg-
rich grains, Lace, with its anomalous Fe-rich popula-
tion, and Star and Bobbejaan, with slightly more Fe-rich
populations). In contrast, at Lighobong and Kao, in
Lesotho on the southeast margin of the Kaapvaal Cra-
ton, Jwaneng in the northwest region of the Kaapvaal
Craton and the two Botswana pipes (Orapa and
Letlhakane) on the Zimbabwe Craton, aluminian
magnesiochromite is much more prominent (Fig. 2).

Thefertility of thesefive suites, and that of the more
centrally located Loxtonsdal kimberlite, which is simi-
larly Al-rich, and anomalously so for its location, may
be due to retention of primary fertility (that is, the peri-
dotite has not been as severely depleted in
magmatophile elements as most of the subcratonic
Kaapvaal lithosphere) or “re-fertilization” by later
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from xenoaliths in this study. The line labeled MAXCR,
from Grutter & Apter (1998), represents the upper
compositional limit of chromian spinel that coexists with
garnet.
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magmas or fluids has occurred. An origin through such
refertilization processes has been proposed for fertile
peridotites from the Colorado—Wyoming kimberlite
province by Eggler et al. (1987b).

Pearson et al. (1995, 1998) and Carlson et al. (1998)
have shown that the Re-Os model of age of depletion
of magmaphilic elements in lithospheric peridotites
from southern Africa kimberlites variesin concert with
the age of the basement through which the kimberlites
were intruded. Xenoliths from the Kaapvaal Craton, of
Archean age, yielded Archean Re-Os depletion ages
(with those from Lesotho being the oldest), whereas
those from Proterozoic mobile belts to the west
(Namibia) and east (East Griqualand) have Proterozoic
depletion ages. Asthe Lesotho Lighobong “ spinel” suite
isthe most fertile in this study, there is no positive cor-
relation between age of depletion and degree of deple-
tion. Alternatively, if low Cr/(Cr + Al) vaues of “ spinel”
suites are dueto refertilization, the enrichment processes
may not be reflected in Re-Os depletion ages.

The apparent difference of the two “spinel” suites
from the Zimbabwe Craton, relative to the main
Kaapvaal Craton cluster, is intriguing. It may be that
the Zimbabwe cratonic mantle is distinctly different
(more aluminous or fertile) than that of the Kaapvaal
Craton. The close similarity of the Jwaneng suite to
those of Orapa and L etlhakane suggests that the lithos-
pheric mantle in the northwestern portion of the
Kaapvaa Craton is as fertile as that of the Zimbabwe
Craton. Clearly, more “spinel” suites from key locali-
ties, providing more thorough geographic coverage in
southern Africa, must be studied to eval uate such possi-
bilities.

The low-Cr/(Cr + Al) nature of the Loxtonsdal
macrocryst suite (Fig. 2) also is anomalous, being lo-
cated in the middle of the Al-depleted portion of the
Kaapvaal Craton (Fig. 1). The absence of mantle xeno-
liths from this locality will make it difficult to unravel
the cause of this geochemically anomal ousregion of the
Kaapvaa Craton mantle.

CoNCLUSIONS

Virtually al of the single-crystal macrocrysts of
spinel-group mineralsthat occur in kimberlitesin south-
ern Africa are interpreted to be xenocrysts, derived by
disaggregation of mantle peridotites (primarily garnet-
bearing varieties). Most of the suites in this study are
dominated by magnesiochromite compositions in the
range 0.80 < Cr/(Cr + Al) < 0.90 and 0.30 < Fe**/(Fe?*
+ Mg) < 0.50. Thisis also the compositional range of
most spinel-group minerals in depleted peridotite, the
products of magmatic depletion from a hypothetical
“primary fertile” peridotite.

Spinel compositionswith lower Cr/(Cr + Al) values,
typicaly trending along a line indicating equilibrium
with Mg-rich peridotite (approximately Fog), are
xenocrysts from less strongly depleted peridotite. Such
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peridotite may retain some of its primary fertility, or be
the product of interaction of depleted peridotite and
more recently introduced contaminating (“refertilizing”)
magmas or fluids. Extremely low values of Cr/(Cr + Al)
(<0.01) are uncommon in the southern African “spinel”
population in this study, but some do occur and may
suggest the presence of disaggregated pyroxenites or
alkremites (garnet—spinel rocks).

Metasomatic processes (interaction with incompat-
ible-element-rich magmas or fluids) also deplete
chromian spinel in Al [the partitioning of Al into phlo-
gopiteincreases Cr/(Cr + Al) of the coexisting chromian
spinel], and may introduce titanium. Ti-enrichment (2—
4 wt% TiO,) in Al-depleted chromian spinel
macrocrysts [Cr/(Cr + Al) > 0.88] is more common in
examples from Group-l kimberlites than Group-I1
suites, a phenomenon that is not understood at present.
Chromite that is the product of extreme metasomatism,
such as that occurring in metasomatized phlogopite —
potassic richterite— LIMA peridotites and asinclusions
in mantle-derived zircon, israrein the macrocryst suite.
Further documentation of the compositions of chromian
spinel in metasomatized peridotites is needed to under-
stand the origin of the very Cr-rich chromite
macrocrysts.

Several anomaliesin “spinel” composition occur in
the mantle sampled by kimberlites examined in this
study. The mantle appears more aluminous beneath
Lesotho (e.g., Lighobong), on the southwestern margin
of the Kaapvaal Craton, and beneath the Zimbabwe
Craton to the north (Orapa and Letlhakane), as well as
inthe centrally located L oxtonsdal kimberlite. A unique
population of Fe-rich chromite occurs in the Lace
kimberlite, which may have an origin related to 2020
Ma Vredefort meteorite impact-related processes that
affected the mantle to depths of at least 150 kilometers.
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