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INTRODUCTION 

Much of what we have learned over the last fifty years 
about diamond genesis and distribution in the Earth’s 
mantle has been obtained through the study of its mineral 
inclusions. These represent unique samples of the Earth’s 
mantle which have been encapsulated during diamond 
formation. Their mineralogy, geochemistry and isotopic 
composition can be used to gain an insight into the physico-
chemical environment and timing of diamond forming 
processes (e.g., Richardson and Harris, 1997; Pearson and 
Shirey, 1999; Stachel et al., 2004). 
Models of diamond genesis in space and time often rely on 
the assumption that most inclusions are syngenetic, i.e., 
they have formed or re-crystallized completely along with 
the host diamond. If this is the case, any geological 
information extracted from the inclusions should also apply 
to their host diamond. Data obtained from the inclusions 
would thus place unequivocal constraints on the nature and 
age of the geochemical medium that generated the diamond.  
If the inclusions are instead protogenetic, i.e., they have 
formed before the diamond, they might record conditions 
that existed long before their encapsulation and were thus 
totally unrelated to diamond formation. Indeed, should most 
inclusions be demonstrably protogenetic, this would support 
models of diamond formation involving fluxes of C-bearing 
fluids through preexisting mantle rocks (e.g., Thomassot et 
al., 2009). Moreover, several geochronological data for 
diamonds would probably have to be reconsidered. 
Discrimination of syngenicity and protogenicity, however, 
is not straightforward. This difficulty has prompted a strong 
debate in the last few years on the real significance of many 
assumed “syngenetic” inclusions (cf. Taylor et al., 2003). 
The most commonly used “proof” of syngenesis is the 
imposition of the morphology of the diamond on the 
inclusion (e.g., Harris, 1968, 1979; Sobolev, 1974; Sobolev 
et al., 1969, 1972; Harris and Gurney, 1979; Meyer 1985, 
1987; Pearson and Shirey, 1999). The recognition of several 
harzburgitic garnets with diamond-imposed morphology 
having trace element compositions indicative of multi-stage 
geochemical evolution and, therefore, protogenesis (Taylor 

et al., 2003) has challenged this widely used criterion. It has 
been suggested that an epitactic relation between an 
inclusion and its host would represent a more robust proof 
of syngenicity (Harris, 1969, 1979; Pearson and Shirey, 
1999). Yet the crystallographic relations between inclusions 
and their hosts are rarely determined and a systematic 
survey of these relations for the different mineral species is 
lacking or has been restricted to limited sets of samples. 
Most of the available data on olivine inclusions date back to 
the fifties and sixties. Mitchell and Giardini (1953) noted 
that the (101) and (010) planes of two olivines in two 
diamonds were aligned approximately parallel to the (101) 
and, respectively, (111) faces of the diamond. Futergendler 
and Kamenetsky (1961) and Kamenetsky (1964) found the 
same orientation in some of their olivines, but also other 
two types of relationships: (010)oli // (311)dia and (101)oli 
// (130)dia; (010)oli // (320)dia. Harris (1968) studied 
thirteen olivines and found that, although some orientations 
were apparently recurrent, some degree of random angular 
mis-orientations existed from one sample to another. More 
recently, Satitkune et al. (2010) reported that “…olivine 
inclusions showed a degree of mis-orientation…up to 12.9° 
between diamond [111] and olivine [100].” 
Modern in-situ single-crystal X-ray analysis can provide a 
relatively quick, high-quality, non-destructive, three-
dimensional examination of the geometrical relations 
between the crystal lattices of the inclusion and of the 
diamond host. As part of a new systematic investigation of 
crystallographic relationships between diamond and its 
inclusions, in order to provide new information on their 
singenetic vs. protogenetic nature, we have investigated 11 
olivines which exhibit imposed cubo-octahedral habits in 6 
diamonds from Udachnaya (Yakutia). 

EXPERIMENTAL 

The orientations of the crystal lattices of olivine and 
diamond were determined using a single-crystal X-ray 
diffractometer equipped with a CCD areal detector. The 
angles between crystallographic planes of the olivine and 
diamond were measured from the crystallographic 
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orientation matrixes obtained for the two minerals. We have 
considered all crystallographic planes of olivine with 
reasonably low hkl index values (typically ≤ 3), lying within 
15° of cubo-octahedral forms {111} and {100} or of other 
low-index rational planes of the host diamond. 
Some of the diamonds contained multiple olivine 
inclusions. In this case specific measurements were carried 
out on each of the inclusions, provided they were of 
sufficient size (> ca. 100 µm) to ensure their accurate 
centering under the X-ray beam and acquisition of good-
quality diffraction data. In one of the six diamonds two 
olivine inclusions were studied. In two other diamonds 
three inclusions were studied. In the remaining three 
diamonds only one inclusion was studied. 

RESULTS 

The measured orientations of the olivines relative to the 
host diamond are listed in Table 1. Our data indicate that it 
is almost always possible to find olivine crystallographic 
planes with reasonably low hkl values lying within <10° of 
the octahedral [111] faces of the diamond. Nonetheless, the 
reciprocal orientations do not appear to be systematic, and 
may change significantly from one inclusion to another. 
The real significance of these olivine planes in terms of 
epitaxy thus remains questionable. In particular, no olivine 
among those studied by us shows an orientation comparable 
to that found by Mitchell and Giardini (1953) for olivines 
with similar cubo-octahedral imposed morphology, or to 
those reported by Satitkune et al. (2010). Other orientations, 
such as those found by Futergendler and Frank-Kamenetsky 
(1961) and Frank-Kamenetsky (1964), which involved 
parallelism with non-cubo-octahedral faces of the diamond 
(311), (130), (320), are not relevant in our cases. 
Absence of a systematic crystallographic relationship has 
two possible alternative explanations: (i) most, if not all, 
inclusions among those studied here are protogenetic, and 
were passively incorporated into the diamond maintaining 
random orientations; this hypothesis implies that the form 
energy of the diamond, in some way, is great enough to 
modify the original shape of the inclusion during or after its 
entrainment; (ii) the inclusions are syngenetic, but the 
reduction of the interfacial energy at olivine-diamond 
interfaces is too small to favour a particular orientation 
during simultaneous growth of the olivine and diamond. If 
the second hypothesis is correct, we may predict that an 
epitaxial growth of syngenetic inclusions would or would 
not occur depending on small variations of environmental 
factors which may have a significant influence on growth 
kinetics and processes (e.g., the degree of supersaturation). 
One of the most intriguing results is perhaps that in our 
sample set the only two olivines with identical orientation 
[i.e., (111)dia // (123)oli with (011)dia // (201)oli] are from 
a single diamond. A third olivine from the same diamond 
instead shows a completely different relationship. In the 

absence of an unequivocal indication for syngenesis or 
protogenesis, this finding has two possible interpretations. 
If the inclusions with identical orientation were 
protogenetic, they might be portions of the same original 
monocrystal, which was split into two distinct inclusions by 
a mechanism similar to “necking”, a common aging process 
that occurs during maturation of fluid inclusions. If the 
inclusions with identical orientation were syngenetic, then 
they have probably grown under identical environmental 
conditions, i.e., they were probably contemporaneous. 
 
Table 1. Crystallographic relationships between olivine 
inclusions and diamonds. 

Diamond Inclusion Angles between planes 

1 a 
(111)dia // 10.9° //(010)oli 
(111)dia // 0.3° // (133)oli 

2 a 
(111)dia // 6.7° // (010)oli 
(101)dia // 24.1° // (101)oli 
(111)dia // 0.0° // (331)oli 

a 
(111)dia // 4.5° // (132)oli 
(001)dia // 8.4° // (010)oli 

b 
(111)dia // 0.7° // (121)oli 
(001)dia // 0.3° // (010)oli 

3 

c 
(111)dia // 1.2° // (131)oli 
(001)dia // 12.2° // (010)oli 

a 
(111)dia // 1.0° // (123)oli 
(011)dia // 0.4° // (201)oli 

b 
(111)dia // 1.0° // (123)oli 
(011)dia // 0.0° // (201)oli 

4 

c 
(111)dia // 2.0° // (353)oli 
(011)dia // 12.3° // (201)oli 

5 a 
(111)dia // 0.8° // (010)oli 
(001)dia // 2.5° // (132)oli 

a 
(111)dia // 2.0° // (001)oli 
(001)dia // 6.8° // (101)oli 6 

b 
(100)dia // 5.2° // (131)oli 
(001)dia // 8.1° // (103)oli 

CONCLUSIONS 

Our preliminary data on eleven inclusions in six diamonds 
indicate a wide range of possible orientations for olivine in 
diamond. The significance of this result in terms of 
syngenesis vs. protogenesis cannot be determined at this 
stage and requires quantitative evaluation of interfacial 
energies between olivine and diamond in a number of 
possible reciprocal orientations. 
Such evaluation is not straightforward and can only be 
made through ab-initio quantum-mechanical calculations. 
These calculations will show whether the observed 
orientation relationships are energetically favoured or not. 
Should a specific orientation turn out to be the most 
favoured for diamond–olivine pairs, then most, if not all, 
the inclusions studied here will have to be classified as 
protogenetic. Should the calculated interface energies 
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among the different faces be practically equal, then the 
question of  syngenesis vs. protogenesis will be impossible 
to answer on the basis of crystallographic relationships. 
Our database is being extended to improve the statistical 
significance of our results for both single and multiple 
inclusions of olivine and for other major mineral inclusions 
in diamonds. 
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