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ABSTRACT

Syngenetic inclusions of the alkali-titanate yimengite
have been recorded in an octahedral diamond from the
Cambrian-aged Sese kimberlite. Cathodoluminescence
(CL) imaging has shown simple octahedral zonation of
the diamond, lack of cracks and the location of five
yimengites in different diamond growth zones.

N content (at. ppm) in the diamond decreases from the
576 (40% 1aB) in the core to the 146 (30% 1aB) in the
rim. At an assumed 2.0 Ga mantle residence time FTIR
data indicate practically constant temperature 1130°C of
diamond formation.

Whilst ages from 530 Ma (kimberlite eruption age) to
891 Ma were determined from *Ar/®Ar dating of
yimengites, time-T°C constraints from N aggregation
systematics combined with T(Zn) and ol-sp
thermometry gave a range of possible ages from 530
Ma to Archean.

The intergrowth of yimengite with spinel designates a
peridotitic paragenesis for the diamond. Compared with
the published chemistry of yimengite from kimberlites,
inclusions from the Sese diamond contain higher Al,
Mg, and Sr and have lower concentration of Fe'.

The chondrite-normalised REE pattern of the yimengite
shows enrichment in LREE and depletion in HREE, but
LREE/HREE fractionations are lower than for LIMA
mantle titanates and rather similar to the REE
concentrations in kimberlite and lamproite rocks.

The general trend of chemistry found for chromite
inclusions in Sese diamonds is Fe, Cr — Mg, Al, Ti
providing evidence about metasomatic events during
diamond formation. Zn-thermometry of chromite
indicates that this metasomatism could have been
accompanied by an increase in temperature from 1050°
to 1225°C. Further progressive metasomatic alteration

of Cr-Ti-spinel by a fluid rich in Ti, K, Ba and LREE
may eventually result in formation of yimengite.

INTRODUCTION

Yimengite, a member of the magnetoplumbite mineral
group, has been found as a diamond inclusion during
study of diamonds from Sese kimberlites, 60 km ESE
of Zvishavane, Zimbabwe. This mineral was previously
reported from heavy mineral concentrates from
kimberlites (Dong et al., 1983; Nixon and Condliffe,
1989; Kiviets et al., 1998). Related titanates include Sr-
magnetoplumbite from a Sputnik diamond (Sobolev et
al., 1988) and hawthorneite found in a metasomatised
harzburgite xenolith from kimberlite (Peng and Lu,
1985).

The origin of yimengite in upper mantle rocks has been
interpreted as metasomatic alteration of high Cr spinel
by K and Ba-rich fluids (Haggerty, 1987; Nixon and
Condliffe, 1989). This paper discusses the yimengite
geochemistry, its age of formation and its link with
diamond origin and general metasomatic processes in
the continental lithospheric mantle.

DESCRIPTION OF THE DIAMOND AND
METHODS OF STUDY

A pale-brown slightly resorbed step-layered octahedral
diamond contained five black yimengite inclusions (40-
100 pm) that have “negative diamond” shapes typical
of syngenetic diamond inclusions. A plate was prepared
by polishing the diamond parallel to the dodecahedron,
exposing yimengite inclusions on the surface.

Anomalous Dbirefringence (ABR) (Fig. 1) and
cathodoluminescence demonstrated the diamond has
simple octahedral zonation and blue CL colour. The
core diamond growth zone contained three yimengite
inclusions, one of which was exposed by the polishing.
Another yimengite from the rim zone was exposed on
the other surface of diamond plate (Fig. 2). ABR and
CL images displayed a lack of cracks within the
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Figure 1: ABR image of a central plate of the Sese diamond
showing zonally-distributed yimengite inclusions.

diamond and show the location of inclusions within
different growth zones (Fig.1).

N content and aggregation in different diamond growth
zones was determined by FTIR spectroscopy, using the
Mendelssohn and Milledge (1995) technique.
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Figure 2: SEM image of the yimengite inclusion intergrown
with chromite in Sese diamond.

The exposed inclusions were analysed by electron
microprobe for major elements at Univerity of Western
Australia. Trace elements in one of the yimengites were
determined by secondary ion mass spectrometry
(SIMS) on a Cameca IMS 4f ion microprobe at the
University of Edinburgh, using a 10 kV primary beam
of 16 O-ions.

Dating of yimengites was made by the *’Ar/*’Ar
method using techniques described in Burgess et al.
(1992).

RESULTS

NITROGEN CONTENT AND AGGREGATION OF THE
DIAMOND

N content (at. ppm) in the diamond is moderate to low,
decreasing from 576-311 in the core to 304-266 in the
intermediate area and falling up to 220-149 in the rim.
N aggregation (% 1aB) is moderate, reducing very
slightly from the core (~ 40) to the rim zones (30%).
T(Zn) and ol-sp thermometry from Sese diamond
inclusion chromites suggested a range in temperature
from 1050° to 1225°, with associated Ti increase in the
chromites. Applying these temperatures to Time-T°C
constraints from N aggregation systematics gives a
range of age possibilities from 530 Ma kimberlite
emplacement time to Archean.

MAJOR ELEMENT CHEMISTRY

SEM imaging of a yimengite inclusion revealed two
oriented lamellae of chromium spinel (Fig. 2). The
chemistry of this spinel (Table 1) is similar to the
composition of some chrome spinel inclusions in other
Sese diamonds.

Compositions of Sese yimengite and chromite lamellae
are shown in Table 1. Yimengite-hawthorneite minerals
have less Ti but Cr-enriched compositions compared
with LIMA mantle titanates (Fig. 3). Yimengite
inclusions from the Sese diamond have higher Al, Mg
and Sr concentrations compared with the chemistry of
yimengite from kimberlites.
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The calculated crystallo-chemical formula of the
yimengite from the Sese diamond is:

(Ko.723 Ba 0,109 ST 0,038 Ca 0,015) 0.885 (Cras Tiz 201 Al 264
Sig.156 Mg1 849 F€2+0.991 F63+04063)12.114 Ou.

Table 1: Major element chemistry of
syngenetic inclusion of yimengite with
chromite lamella in Sese diamond

Sample 1-107.9 1-107.9 1-107.9
Mineral Yim. incl Chr Bulk
in D; av. lamellain  anal.(90%
of 5 anal. Yim DI Yim+10%
Chr)
SiO, 1.06 0.21 0.98
TiO, 29.72 3.12 27 .11
Al,O4 7.28 11.43 7.71
Cr,03 38.66 55.52 40.43
FeO 8.55 12.25 8.94
MnO 0.00 0.21 0.02
MgO 8.42 15.42 9.14
CaOo 0.10 0.09
K,O 3.85 3.47
BaO 1.90 1.71
SrO 0.44 0.40
Total 99.99 98.16 100.00

Table 2: SIMS analysis of yimengite
inclusion from Sese diamond.

ppm stdev ppm  stdev
Li 0.37 0.2 P 21 1.4
Be 0.15 0.02 Hf 26 2
B 1029 860 Zr 787 12
F 185 14 Sm 4.3 2
Cs 3.7 3 Gd 9.6 1.7
Rb 124 4 Dy 23 0.7
Ba 22101 240 Ho 1.6 0.3
Th 7 0.2 Er 0.35 0.29
U 4 54 Y 0.52 0.37
K 33606 1168 Tm 0.27 0.04
Nb 1587 24 Yb 14 3.6
Ta 81 8 Lu 0.37 0.28
La 571 7 Ga 119 5
Ce 537 13 Ge 329 15
Sr 2543 89 Sc 34 2
Nd 67 5 \Y 1830 63
Pr 32 2 Co 233 29

TRACE ELEMENT CHEMISTRY

The yimengite is enriched in alkaline metals: K, Ba, Sr
and Rb and contains high amount of Nb, Sc, V, Co, Zr
and REE elements (Tables 2).

The chondrite normalised REE pattern for the
yimengite inclusion has a distinctive shape, showing
enrichment in LREE and depletion in HREE similar to
published data for other mantle titanates (Fig. 4).

A clear difference is the lower concentration of REE in
the Sese yimengite inclusion compared to LIMA (Jones
and Ekambaram, 1985). In fact the REE curve of the
yimengite diamond inclusion is located inside the REE
field of kimberlites and lamproites (Fig. 4).
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Figure 4: REE concentrations in yimengite from Sese
diamond compared with other mantle titanates (lindsleyite-
mathiasite series) (Jones, Ekambaram, 1985), kimberlites and
lamproites (Jaques et al., 1984).

DATING OF YIMENGITE

The high K level in yimengite make it amenable to
“Ar/*’Ar dating. The largest part of the diamond plate
containing 1 exposed and 3 unexposed yimengites was
irradiated. The unexposed inclusions were breached
using a UV laser and the inclusion fused using an IR
laser. Total ages are calculated that integrate gas
residing at the diamond-inclusion interface plus
yimengite-held gas. Total gas ages range from close to
the 530 Ma age of kimberlite eruption to significantly
older (up to 891 +/-21 Ma). The range in total ages may
reflect inclusions that are older than the kimberlite
eruption age and which could have experienced
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variable gas loss possibly during polishing of the
diamond plate.

DISCUSSION

The origin of previously found yimengites has been
attributed to the metasomatic alteration of upper mantle
chrome spinel (Nixon and Condliffe, 1989). Our
identification of two oriented lamellae of chromite in
the yimengite inclusion (Fig. 2) appears attributable to
exsolution rather than to a metasomatic replacement.

The primary bulk analysis of the whole inclusion was
calculated on the estimated proportion: 10% chromite
and 90% yimengite (Table 1). The resultant
composition still matches yimengite, with a larger
cation deficiency on the A-site and excess on the B-site:
(Ko.647 Ba 0,008 ST 0,034 Ca 0.014)0.703 (Cra.67 Tiz.08 Al 328
Sig.143 Mg1.901 F€2+0.69 F63+0.403)12,20 Oy,

The low Cr- and Ti-containing spinel lamellae (Table 1)
resemble in chemistry some chromite inclusions in
other Sese diamonds. Similar spinel was found in
association with yimengite from Venezuela, considered
as the first step in spinel-yimengite metasomatic
replacement (Nixon and Condliffe, 1989).

Two main types of chromite inclusion chemistry were
recognised in Sese diamonds (Fig. 5):

Group 1, predominant and common for chromites in
diamonds elsewhere, is very high in Cr,O3 (>63 wt.%),
medium in ALO; (6-7 wt.%), high in MgO (13-14
wt.%) and low in TiO, (0-0.4 wt.%).

Group 2 is characterised by moderate Cr,O; (62-56
wt.%), high Al,O; (6-14 wt.%), and very rich MgO (14-
16 wt.%) and by a significant amount of TiO, (1.3-2.3
wt.%). The chromite intergrown with yimengite has
Group-2 chemistry. Such a composition for diamond
inclusions is very rare, but was reported for chromites
from River Ranch diamonds (Kopylova et al., 1997).

A temperature of 1050° for Group 1 and 1225° for
Group 2 diamond inclusion chromites was determined
by ol-sp and T(Zn) thermometry.

The general evolutionary change of Sese diamond
inclusion chromites is from (Fe, Cr) to (Mg, Al and Ti).
Such enrichment in Mg and Al can take place during
diamond growth through metasomatism (Fig. 5). This
change of chemistry may be indicative of a link to the
later formation of yimengite by metasomatic
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Figure 5: Trend of chemistry of chromite inclusions from
Sese diamonds.

replacement of spinel by fluid enriched in Ti, K, Ba, Sr
and LREE.

Whereas *Ar/”Ar dating of yimengites gave ages
ranging from 530 Ma to 891 Ma, T(Zn) and ol-sp
thermometry from Sese diamond inclusion chromites
combined with N aggregation systematics suggests age
possibilities from 530 Ma kimberlite emplacement time
to Archean and does not help resolve the age of the
yimengite-bearing diamond.

The Sese occurrence may be part of a wider regional
event - Kopylova et al. (1997) has described diamond
inclusions from River Ranch kimberlite consisting of
other REE titanates enriched in Ti (Cr-chevkinite, Sr-K-
Cr-loparite) plus chromites similar to our Group-1 and
Group-2 spinel chemistry.

The identification of yimengite as syngenetic inclusions
in diamond provides evidence about the close
association and genesis of these minerals. Although
very rare, yimengite and the other LILE minerals could
be considered as indicator minerals for diamonds.

CONCLUSIONS

Zonally distributed syngenetic inclusions of yimengite
identified in peridotitic diamond from Sese kimberlite
demonstrate their genetic association. This textural
evidence indicates diamond and yimengite coexistence
during metasomatism of upper mantle chromite-bearing
harzburgites at depths of 120-150 km.

Sese yimengite inclusions have higher contents of Al,
Mg and Sr and low concentrations of Fe ** compared to
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previously published compositions for this mineral. The
level of REE-elements in Sese yimengite is similar to
those in kimberlite and lamproite rocks.

Whilst ages from 530 Ma (kimberlite eruption age) to
891 Ma were determined from *Ar/’Ar dating of
yimengites, time-T°C constraints from N aggregation
systematics combined with T(Zn) and ol-sp
thermometry gave a range of possible ages from 530
Ma to Archean.

The general trend of chemistry for Sese chromite
diamond inclusions: Fe, Cr — Mg, Al, Ti signifies
metasomatic events during diamond formation, with
increasing of temperature by 175°C. Such change of
chemistry might indicate that yimengite forms from a
fluid enriched in Ti, K, Ba, Sr and REE by metasomatic
replacement of the chrome-spinel. It is important that
diamond growth continued during this upper mantle
metasomatism, in spite of a general believe that
diamonds are resorbed in such environments.
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