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INTRODUTION

Detailed study of the collection of mantle
xenolithsfrom the kimberlitesof South Africahas
continued the earlier series of studies on the
Kapvaal craton mantle xenoliths (South Africa)
and their anal ogs from the Udachnayakimberlite
pipe (Yakutia) (Boyd, 1987; Pokhilenko et al.,
1993; Pokhilenko, 2009; Pearson et. al., 1995;
Boyd, Pokhilenko et a.,1997; Malygina et al.,
2003). Comparative analysis of the results of
study of coarse garnet-spinel peridotites from
the Kapvaal craton and Siberian Platform
demonstrates somedifferencesbothinthe interval
of rocks variations and in their structural
peculiaritiesalong with the similarity of chemical
composition of minerals and rocks. Higher
pressure values are found for coarse peridotite
xenoliths from the Udachnaya pipe and
temperature rangeisamost the same. Peculiarities
of the isotopic composition variations and
geochemical characteristics show that peridotites
of the Siberian Platform and South Africa have
suffered multi- stage metasomatism after joining
the lithosphere. Metasomatism is manifested in
the significant addition of Ti, Si, Al, Fe, K, Na,
H,O and CO,. A comprehensive comparative
study of coarse peridotite xenoliths from these
regions helps to reveal the peculiarities of
formation and evolution of mantleultrabasic rocks
and to understand the complex processes of
mineral formation in the upper parts of the

lithosphere mantle of the central areas of Siberian
Platform and South Africa.

METHODS

137 samples of peridotite xenoliths from
the BellsBank and Roberts Victor kimberlite
pipes from South Africa and Kimberly Dump,
Wesselton Kimberly and Bostoff Road have been
studied. Rock chemica composition has been
determined by X-ray fluorescence method with
the use of X-ray fluorescence spectrometer ARL -
9900-XP. The composition of minerals has been
studied using electron microprobe Jeol Super
Probe 7800.

The content of REE and trace elements in
garnet and coexisting monoclinic pyroxenesfrom
25 most representative samples has been
determined by laser ablation with the use of
mass spectrometer Thermo Scientific X Series2
ICP-MS. Morphology, phase and chemical
composition of some typica grains have been
studied with the use of scanning electron
microscope LEO1430VP equipped the energy
spectrometer “ Oxford”.

PETROGRAPHY

The coarse peridotites are most often
represented by initially rounded closeto isometric
xenolithsranging insizefrom4to26 cm. Primary
mantle minerals (garnet, clinopyroxene,
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spinellids) in the outer zones of xenalith, which
have experienced the near surfacetransformations,
are not changed and till retained. Both fresh and
serpentinized rocksin which primary olivine and
orthopyroxene are replaced by the secondary
minerals are observed in the collection.

Coarse garnet Iherzolites and harzburgites
(often with elevated proportion of modal
enstatites) are most widespread rocksand amount
69% in the studied collection of xenoliths. Spinel
Iherzolite and ilmenite peridotite xenoliths are
most rare (22% and 5%, respectively). lImenite-
containing peridotites are represented dominantly
by ilmenite and ilmenite-pyrope varieties.
[Imenite- chromite lherzolites are rare. A
proportion of garnet-spinel Iherzolites is
significantly lower — about 4% of the studied
xenoliths. Phlogopite is typical of a haf of the
studied mantle xenoliths from South Africa.
Phlogopite content changesfrom individual small
rounded grainsto large structurally balanced packs
and crystals, which make up to 50% of the rock
volume.

Rutile, perovskite, hematite, magnetite, Ni-
sulfides and crishtonites are found as accessory
mineralsin peridotite xenolithsfrom the Kimberly
Dump and the Wesselton Kimberly. The accessory
graphite is found in single peridotite xenoliths.
Secondary minera sarerepresented by serpentine,
amphibole, hematite, magnetite, calcite and
quartz.

Extensive metasomatic changes are
characteristic of the studied peridotites from
South Africa. This ismanifested in the extensive
development of phlogopitization process and is
confirmed by the presence of various accessory
minerals. Mica forms the intergrowth structures
with pyroxenes or completely replaces the
primary flattened enstatite crystals.
Phlogopitization processes are devel oped widely
in the peridotites of the Kimberly Dump, the
Wesselton Kimberly and the Bells Bank as
compared to the xenoliths of the Bostoff Road.
The zones of plastic deformations are often

observed in the Kimberly Dump peridotites. The
areas with recrystallized fine grained olivines,
covering the significant parts of the rock, have
been found in some Kimberly Dump and Bostoff
Road xenoliths. The Bells Bunk peridotite
xenoliths are dense almost black rocks,
characterized with substantial serpentinization of
primary minerals. Garnet grains of different
compositions and parageneses (lherzolite and
harzburgite-dunite) have been observedin severa
garnet and garnet-spinel harzburgite xenoliths.
Reaction macro- and microintergrowth structures
formed by Cr-spinel, pyroxenes and garnet are
often observed in the Kimberly Dump spinel and
garnet-spinel Iherzalites. Interrupted rims of spinel
around enstatites, oriented lamella of monoclinic
pyroxene in the rhombic pyroxene, garnet
inclusionsof different morphology inthe engtatites
and continuous and discontinuous clino- and
orthopyroxene rims around the garnet are

N. Ilmenite-chromite |herzolites have
een established among the Kimberly Dump

Yenoliths along with the ilmenite and garnet-
iIfmenite peridotites and websterites of the Bostoff
Road, the Kimberly Dump and the Wesselton
Kimberly. They are usually represented by sheared
peridotiteswith signs of metasomatism and partial
melting.

MINERAL COMPOSITION

According to the microprobe analyses al
primary minerals of the studied coarse peridotites
of South Africa except for garnet are nearly
homogenous within xenaolith.

Olivines from the studied rocks have high
Mg-content (Mg#=[100Mg/(Mg+Fe)] 88,3-
93,6%). Ca admixture is 0,001-0,09 wt% CaO
that can be related to comparatively low
temperature values of the rock equilibrium or the
high pressures of their formation. The chrome
admixture doesn’'t exceed 0,05 wt% in contrast to
the Udachnaya pipe |herzolites where Cr,O,
content in the olivines of chromite- containing
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rocks reaches 0,09 wt% (Sobolev et. al., 2009).
Ni admixture (0,196-0,425 wt% NiO) correlates
with the total Mg-content of the studies rocks.

Orthopyroxenes from the Kimberly
Dump, the Bostoff Road and the Roberts Victor
contain 89-94% of enstatites minal, Mg# varies
within the range 86,8-94,8%. The Wesselton
Kimberly rhombic pyroxenes are distinguished by
Mg# values 93% and engtatite minal variations
85-99%. The Al admixture in the orthopyroxenes
from spinel peridotites of the Kimberly Dump and
Bostoff Road varies within the range 0,01-2,90
Wt%AL0,, Cris0,014-0,89 wt% Cr,O,. Endtatites
with low Al (0,01-0,69 wt% Al O,) and Cr (0,01-
0,35wt% Cr,0O,) content have been found in the
garnet-, garnet-ilmenite, ilmenite and garnet-
spinel rocks. Similar engtatitesfrom the Wesselton
Kimberly contain 0,22-3,88 wt%AI,0O, and 0,17-
0,83 wt% Cr,O,; and 0,57-2,05 wt% Al,O, and
0,23-0,45 wt% Cr,0, respectively.
Orthopyroxenes of spinel peridotites are more
aluminous and contain more AllV as compared
to the enstatites from garnet- and ilmenite-
containing peridotites. The Caand Naadmixtures
are found in al enstatites. The Ca admixture is
0,01-1,07 wt% CaO for peridotites of the
Kimberley Dump, 0,25-0,80 wt% CaO for the
Bostoff Road xenoliths, 0,48 wt% CaO for the
RobertsVictor Iherzolitesand 0,12-2,98 wt% CaO
for rocks of the Wesselton Kimberley. The Na
admixture is 0,02-0,19 wt% NaO in peridotites
of the Kimberley Dump, Bostoff Road and
Roberts Victor and 0,01-0,66 wt% NaO in the
Wesselton Kimberley xenaliths.

Clinopyroxenes are represented by Cr-
diopsides with variable content of Cr,0,, NaO
and K,O. Clinopyroxenes from the Kimberly
Dump xenoliths contain 0,13-3,86 wt% Cr,O,,
0,10-3,40wt% Na,0 and 0,01-0,15wt% K ,O. The
following values have been obtained for
clinopyroxenesfrom the Bostoff Road, BellsBank
and Roberts Victor peridotites: 40-3,69 wt%

Cr,0,, 1,10-3,37 wt% Na,0 0,01-0,86 Wt% K ;0.

273

The Wesselton Kimberly clinopyroxenes are
characterized by 0,83-2,98 wt% Cr.03, 1,11-3,35
wt% Na,O 0,60 wt% KO contents.
Significant Na undercompensation of
trivalent cations is distinguished in the
clinopyroxenesfrom the Kimberly Dump, Bostoff
Road and Wesselton Kimberly spinel and garnet-
spinel peridotites. This fact reflects the presence
of elevated admixture of chermakite component
in their composition. Climopyroxenes from the
Kimberly Dump garnet and spinel peridotites
are distinguished by the increased Fe#=[100Fe/
(Fe+tMg)] compose 4,6-10,4%. The Fe# value
reaches 17,1% intheilmenite-containing varieties
of the Kimberly Dump. The Fe# value of
clinopyroxenesfrom the Bostoff Road, Wesselton
Kimberly and RobertsVictor peridotite xenoliths
are within the smaller limits (Fe# 5,33-9,07%).

Gar netsfrom the coarse peridotite xenoliths
of South Africarelatemainly to chromium pyropes

/QQ;% up to 8,37 wt%, CaO 3,77-6,52 wt%) and
kf\ﬂrm trend which corresponds to lherzolite

paragehesis. The garnets of harzburgite-dunite

agenesis with CaO 1,49-3,55 wt% and Cr,O,
4,81 - 7,45 wt% have been found in severd
xenoliths. Pyropes from the most deep-seated
chromite- pyrope harzburgitesfall withinthefield
of pyropes associated with diamond (Sobolev,
1977). The Ti admixture at an average 0,07 wt%
TiO, inthelilac-purple garnetsreaching 0,37 wt%
TiO, in the orange garnet from the Bells Bank
dunite. The stableisomorphic impurity of Na (up
to 0,10wt% Na,0) is found in the mgjority of
orange garnets, that is essential for the garnets
from ultrabasic paragenesis. Na-content directly
correlates with Ca, Ti and Fe-content of garnets
notably with the increase of mafic components.
This fact can support a significant role of
metasomatic processesin the upper mantlein these
regions of South Africa. In anumber of the Bells
Bank and Kimberley Dump xenoliths there are:
a) garnets with wide variations of chemical
composition, corresponding to different mantle
parageneses- harzburgite-dunite and lherzolite;

Extended Abstract 3



10" Inter national Kimberlite Conference, Bangalore - 2012

b) garnets with variationsin Cr and Ca-contents
within Iherzolite trend.

Compositional variations of spinellides
from the Kimberly Dump peridotites are: Al,O,
0,32-28,9 wt% and Cr,O, 41,4-68 wt%, from the
Bostoff Road peridotites—Al,O, 1,11-21,9 wt%
and Cr,0, 46,7-65,7 wt%, from the Bells Bank
peridotites- Al,O, 4,14-9,74wt% andCr,0,60,8-
61,8 wt%, from the Wesselton Kimberley
peridotites - Al,O, 3,96-19,2wt% & Cr,0, 45,6-
58, 1 wt%. Spinellidesfrom the studied xenoliths
are divided into two groups. The first group is
alumina spinels from the garnet-free and garnet-
spinel low temperature coarselherzolitesfrom the
Kimberly Dump, the Bostoff Road and the
Wesselton Kimberly pipes. Elevated Al,O, 17,7-
28,9 wt%, low Cr,0, 40,2-50,0 wt% and the
lowest TiO2 (up to 0,02 wt%) aretypical of them.
The second group consistsof chromitesfrom high-
Cr and low-Al chromite and garnet- chromite
peridotites and harzburgites and ilmenite-spinel
peridotites of the Kimberly Dump, the Bostoff
Road, the BellsBank and theWesselton Kimberly.
They contain 0,51-10,9 Wt%Al, O, and 49,5-68,0
wt% Cr,0O,. TiO, varies from 0,01 to 3,26 wt%.
All spinellides are magnesian spinellides — 20,5
60% Mg#, average value Mg# is 48,4%. In the
average Al- spinels from the Kimberly Dump
spinel peridotites are less magnesian.

IImenites are characterized by very wide
variations in magnesium and iron content - 7,64-
15,7 wt% MgO and 25,4-40,3 wt% FeO, and
relatively narrow variations in chromium and
titanium content - 0,22-3,90 wt% Cr,O, and 48,4-
55,1 wt% TiO2. Ilmenites from the
Wesselton Kimberly peridotites have higher Mg
(12,7-15,7 wt% MgO) and Ti (48,4-52,3 wt%
TiO,) content as compared to the Kimberly Dump
and Bostoff Road ilmenites- 7,64-11,4 wt% MgO
e 53,0-551 wt% TiO,. This points to the
essential change in the relationships of geikielite
and hematite minals in the composition of the
compared ilmenite groups: 32,7-61,8% and 3,6-
11,3%, respectively.

Phlogopites are distinguished by low
titanium (upto 3,14 wt%TiO,), chromium (0,02
1,30 wt% Cr,0O,) and iron (1,66-7,99 wt% FeO)
concentrations. NiO content in micasvariesfrom
0,05t0 0,30 wt%, BaO impurity reaches 0,33 wt%.
Regularly conjugated change of Fe-content of
coexisting phlogopite and garnet has been found
for the majority of xenoliths, this is evidence of
the “primary” nature of phlogopite (Dawson,
Smith, 1975).

Rutile composition is 94,8wt% TiO,, 0,20
wt% FeO and elevated amounts of Cr,O,—
3,40wWt%. In general this correspondsto that from
the mantlexenoliths of South Africastudied earlier
(McGetchin, Silver, 1970; Smith, Dawson, 1975).

Minerals of the crichtonites series from the
Kimberly Dump and the Wesselton Kimberly (Table-
1) are similar to the described compositions of
metasomatic crichtonites“LIMA” (Haggerty, 1983).

Table-1. Representative chemical
compositions of crichtonites from peridotite

/Xendtiths of Sourth Africa

@@eﬂoliths Kimberley Dump Wesselton Kimberley
57,6 59,4

ALO, 0,22 0,91
cro, 175 14,0
Lao, <0,01 0.20
CeO, 157 1,80
FeO 9,86 10,4
MnO 0,10 0,07
MgO 347 3.80
ca0 0,46 072
B2O 221 2,08
S0 2,06 181
zr0, 4,10 4,46
Tho, 0,03 0,04
Nb,O, 0,07 011
Na,0 <0,01 0,05
Tota 99,3 99,6

Perovskite from the Wesselton Kimberly
ilmenite peridotite hasthefollowing composition:
TiO, 55,2 wt%, AL,O, 0,31 wt%, La,0, 0,38 wt%,
Ce,0, 2,06 wt%, FeO 2,53 wt%, MnO 0,09 wt%,
Ca0 36,8 wt%, BaO 0,13 wt%, Zr020,19 wt%,
Nb,O, 0,66 wt% Na,0 0,61 wt%.
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Sulfides are distinguished by wide
compositional variations not only of different
grains but within the limits of one grain. For
example, Ni 45-72,5, S 26,9-31,1, Co 0-14,5, Fe
0,63-7,54, upto Cu 0,8.

PETROLOGY

The peculiarities of chemical composition
of the most fresh and large coarse peridotite
xenoliths from the Kimberly Dump and the
Bostoff Road are evidence that the mantle matter
is essentially enriched in basite component if
compare with those from Siberian kimberlites
(Boyd €t. al., 1997). The rocks are characterized
by the elevated alumina (Al,O, up to 9,97 wt%),
titanium (TiO, up to 3,41 wt%), calcium (CaO up
to 5,78 wt%) and potassium (KO up to 9,07 wt%)
contents. Theiron content variesin thewidelimits
- 6,56-12,8wt% FeO. The stable impurities of
barium (up to 0,08 wt% BaO), phosphorus (up to
0,16 wt%P,0,), vanadium (upto 0,04wt%V.0O,)
and sulfur (0,04-0,33 wt% SO,) have been found.
The comparison of data on the total chemical
composition of peridotite xenoliths from the
studied collection with the low temperature
peridotites from the Udachnaya pipe has shown
the similarity of the same Mg# olivine values of
the mantle rock (88,3-93,6 and 88,4-93,7%
respectively), the overlap of Caand Al trends, CaO
andAlQO, inverserelationship vs. MgO for both
of themand NiO vs. MgO positive correlation.

A combined temperature interval for the
granular peridotiteswith the coexisting garnet and
chrome spinellide is 870-1360iN and pressure
interval is20-60 kbar. PT- estimations have been
obtained with the use of Brey, Kohler (1990)
thermobarometer.

The character of distribution of some of the
most important trace and REE in the coexisting
pyropes and diopsides shows the complexity of
the mantlerocksgenesis. Wide variations of REE
concentrations are typical for the studied garnets
and clinopyroxenes. Elevated LREE

concentrations in garnets point to essential
secondary enrichment of therocks. The degree of
metasomatic transformations increases with
increase depth of rock formation. Basing on the
identity of the REE distribution spectra, the
moderate differentiation of mantlematerial inthe
place of the kimberlite pipes location may be
suggested.

CONCLUSION

The comparison of the obtained resultswith
the same for coarse peridotites from the
Udachnaya kimberlite pipe (Yakutia) allows to
make the following conclusions:

The elevated contents of modal enstatite in
the South African xenoliths confirm the less
depletion of mantle material under South Africa
as compared with the mantle xenoliths of the
Siberian Platform.

Significant variations in the chemical

@dtion of the same name minerals (except
g&?withi n one xenolith have not been revealed

INthe peridotitesof SouthAfrica, whereassevera
types of inhomogeneities in garnets, pyroxenes
and Cr-spinellides have been found in some part
of peridotite xenoliths from the Udachnaya pipe.

The comparativeanalysisof Yakutian coarse
peridotite xenoliths and similar rocksfrom South
Africahasshown that the association of Cr-pyrope
+ chromiteistypical of thelithospheric mantle of
the Siberian Platform but its development is
relatively rare among the mantle analogs from
South Africa.

The peculiarities of chemical composition
of coarse peridotitesfrom the Kimberly Dump and
the Bostoff road confirm the greater enrichment
of the mantlematter in Ti, Al, Ca, K, Baand REE
under the studied kimberlites. Occurrence of
phlogopite as a rock forming mineral and other
accessory minerals indicate of the extensive
devel opment of metasomatic treatments.

The processes of formation and evolution
of coarse peridotitesassume partial melting of the
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primitive mantle matter and multi stage secondary
enrichment with the K- metasomatism prevalence.
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