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Olivine is the principal mineral of kimberlite magmas, 
and is the main contributor to the high-Mg ultramafic 
composition of kimberlite rocks. Enrichment in olivine 
component, even in so-called aphanitic kimberlites, 
presents a problem in matching whole rock kimberlite 
compositions to experimental melts at peridotite or 
eclogite solidus. It has been long recognised that a 
large portion of olivine in kimberlites was not liquidus, 
i.e. xenogenic. Unfortunately, the masking effects of 
alteration, common in kimberlites, do not permit 
routine recognition of olivine generations, and so the 
olivine component originally dissolved in the 
kimberlite parental melt remains controversial. The 
disguising effects of alteration, common in group-I 
kimberlites, are overcome in our study of uniquely 
preserved diamondiferous kimberlites of the 
Udachnaya-East pipe (Yakutia, northern Siberia). 
These serpentine-free, but nevertheless ultramafic, 
kimberlites from deep levels of the pipe contain large 
amount of olivine (~ 50 vol%) in a chloride-carbonate 
groundmass (Fig. 1; Kamenetsky et al., 2004; 
Kamenetsky et al., 2007b). Several thousand olivine 
grains from three hypabyssal kimberlites were hand-
picked, mounted in epoxy, ground and analysed at mid-
plane surfaces (Kamenetsky et al., 2008). 
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Olivine is represented by two populations (olivine-I 
and groundmass olivine-II) differing in morphology, 
colour and grain size, and mineral and melt inclusions 
trapped in different zones (Fig. 2-4). The large 
fragmental olivine-I (also used terms macrocrysts and 
xenocrysts) is variable in terms of major (Fo85-94, 
although most grains are Fo >91) and trace element 
concentrations (e.g., 0.15-0.40 wt% NiO; 0-0.06 wt% 
CaO; 0.06-0.18 wt% MnO) (Fig. 2A), including H2O 
content (10-136 ppm).  

The groundmass olivine-II is recognised by smaller 
grain sizes and perfect crystallographic tablet shapes 
that indicate crystallisation from or re-equilibration 
with a melt (Fig. 2B, 3, 4). However, crystallisation 
history of olivine-II is not alike that of olivine in other 
picrites, as indicated by complex zoning in terms of Fo 

 
Fig. 1. BSE image of the Udachnaya-East kimberlite 
showing the shape, size and ‘zoning’patterns of olivine 
grains, and matrix composed of carbonates, chlorides 
and oxides. 
 
and trace element contents (Fig. 2-4). The cores of 
olivine-II are extremely variable in shapes (from 
ideally faceted to amoeba-like), and compositionally 
similar to olivine-I. Similar compositions and 
inclusions of Cr-diopside in olivine-I and cores of 
olivine-II imply a genetic link between these two types 
of olivine, and their origin from multiple sources in the 
mantle and lithosphere.  

The volumetrically significant rims of olivine-II (at 
least 50 vol%) have constant Fo values (89.0 ± 0.2 
mol%), but variable trace element compositions (e.g., 
0.15-0.33 wt% NiO; 0.02-0.12 wt% CaO; 0.11-0.20 
wt% MnO) (Fig. 2B). Their origin from the melt is 
supported by presence of entrapped inclusions of the 
carbonate-chloride melt (Fig. 4) and minerals (Cr-
spinel, perovskite, rutile and phlogopite). Same 
assemblage represents the Udachnaya-East kimberlite 
groundmass (Fig. 1).  

Olivine-I and olivine–II have oxygen isotope values 
(+5.6 ± 0.1 ‰ VSMOW) that are indistinguishable 
from one another, but higher than values in “typical” 
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mantle olivine (+5.18 ± 0.28 ‰). These elevated values 
likely reflect a 18O - enriched source (e.g., recycled 
oceanic crust) and equilibrium with the Udachnaya-
East carbonate-enriched melt (+12 ‰) at low 
temperatures (i.e. <700-750ºC, based on 
homogenisation temperatures of melt inclusions; 
Kamenetsky et al., 2004). 
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Fig.2. Images and compositions of two main 
generations of olivine in the Udachnaya-East 
kimberlite; (A) - macrocrysts/xenocrysts; (B) -
groundmass phenocrysts. Note two contrasting types of 
“zoning” in the BSE images of olivine-II. 
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Fig.3. BSE images and X-ray element maps of 
groundmass olivine showing complex interplay 
between Fe (1/Fo) and Ni contents in olivine grains 
with different zoning pattern (normal, reverse zoning 
and grain with two contrasting cores) 

Modelling of multiple origins of olivine in kimberlite 
melts and kimberlite rocks should take into account the 
important fact that olivine in the Udachnaya-East 
kimberlite share the same morphological, structural and 
compositional features with olivine from kimberlites 
across the world (Boyd and Clement, 1977; 
Fedortchouk and Canil, 2004; Mitchell, 1973; Moore, 
1988; Nielsen and Jensen, 2005). The common features 
of kimberlitic olivine include presence of at least two 
olivine populations, similar compositions of 
macrocrysts and cores of groundmass olivine, and a 
limited range of Fo content in the groundmass olivine-
II rims, but variable trace element abundances. 
Significant diversity of the groundmass olivine-II cores 
in shape, size and composition (Fig. 2-4) suggests 
different evolutionary paths for individual grains, 
related to growth, recrystallisation, transport, 
dissolution and re-growth in different mantle-melt and 
crust-melt environments. The cores with smoothed 
crystallographic shapes were likely to have precursors 
as individual olivine grains (alike macrocrysts) that 
experienced abrasion during upward transport at 
extremely high speeds, expected of buoyant kimberlite 
magma. The uniform Fo compositions of the rims are 
enigmatic (Fig. 2B), given the rims represent 
significant part of the population (Fig. 3, 4). A possible 
answer is that the melt’s Fe2+/Mg is buffered, which 
can occur if the coefficient (Kd) of Mg–Fe distribution 
between olivine and a kimberlite melt is significantly 
higher than for common basaltic systems. Such high 
Kd values (> 0.5) have been recorded in experiments 
with Ca-Mg carbonatitic liquids (Dalton and Wood, 
1993; Girnis et al., 2005), and they can be even higher 
for an alkali-rich carbonatitic melt. 
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Fig.4. Distribution of melt inclusions along healed 
fractures in cores of the groundmass olivine-II. 
 

Our study of the olivine populations and complex 
zoning of the groundmass olivine in the Udachnaya-
East kimberlite provides evidence that olivine crystals 
were first entrapped by a protokimberlite melt at depth, 
then partly abraded, dissolved and re-crystallised on 
ascent, and finally regenerated during emplacement. 
We suggest that the history of kimberlitic olivine is 
owed to the extraordinary melt composition 
(Kamenetsky et al., 2004; Kamenetsky et al., 2007a; 
Kamenetsky et al., 2007b; Maas et al., 2005), as well as 
conditions during melt generation, transport and 
emplacement. The kimberlite melt is argued to have 
originated as a chloride-carbonate liquid with chemical 
and physical properties consistent with inferred small 
melting degrees in the presence of garnet and inferred 
ultra-fast ascent (very low viscosity and density and 
high buoyancy). We envisage such liquids to be poor in 
“ultramafic” or “basaltic” aluminosilicate components, 
and likely undersaturated in olivine (especially if the 
source is eclogite). The ascending liquids became 
olivine-laden and olivine-saturated by scavenging 
olivine crystals from the pathway/country rocks and 
dissolving them en route to the surface. During 
emplacement the kimberlite magma changed 
progressively towards an original alkali-rich chloride-
carbonate melt by extensively crystallising groundmass 

olivine and gravitational separation of olivine 
macrocrysts and phenocrysts in the pipe.  
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