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abstract

Carbonado, a variety of natural polycrystalline diamond whose origin remains unknown, differs 
notably in the properties from common diamonds of mantle origin. In this study, infrared spectroscopic 
and microscopic analyses were conducted on carbonado from the Central African Republic. Stepwise 
heating followed by infrared spectroscopic measurements indicated that liquid H2O is enclosed within 
diamond single crystals in carbonado. Transmission electron microscope observation revealed a 
negative crystal that is interpreted as a primary fluid inclusion in a diamond single crystal. Observa-
tions by field-emission scanning electron microscope and electron backscatter diffraction analysis 
show an absence of lattice preferred orientation of diamond crystals, {111} growth steps along grain 
boundaries, and the crystal-size distribution of diamond similar to those of crystals formed in liquid 
media. In addition, the redox conditions of carbonado formation is inferred to be ~3 log units below 
the quartz-magnetite-fayalite buffer, which is the prevailing condition in cratonic upper mantle. These 
lines of evidence suggest that the carbonado crystallized in C-O-H fluid, supporting the hypothesis of 
a mantle-depth origin of carbonado.
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introduction

Carbonado is a variety of natural polycrystalline diamond 
whose origin is enigmatic (Heaney et al. 2005; McCall 2009). 
Carbonado possesses peculiar characteristics, including low 
13C/12C isotope ratios, high porosity, absence from kimberlites, 
and lack of mantle-derived mineral inclusions (Heaney et al. 
2005 and references therein), making it extremely different from 
common diamonds of mantle origin. Consequently, non-mantle 
origins have been proposed for carbonado, including an origin by 
impact-induced phase transition from organic carbon (Smith and 
Dawson 1985), an irradiation-induced phase transition from coal 
(Ozima et al. 1991), and chemical vapor deposition in interstellar 
space (Garai et al. 2006). In contrast, a mantle-depth origin has 
been proposed in previous studies (Robinson 1978; Nadolinny et 
al. 2003; Kagi and Fukura 2008; Petrovsky et al. 2009), as is com-
monly accepted for other natural polycrystalline diamonds, but 
this hypothesis is not widely accepted. No conclusive evidence 
has been proposed to confirm or refute any of these hypotheses, 
despite the fact that carbonado has been studied for nearly 30 
years; consequently, its origin remains debated.

It is generally accepted that the growth media of diamond 
forming in the mantle and crustal environments are volatile-satu-
rated melts or fluids (Haggerty 1986; Sobolev and Shatsky 1990; 
Pal’yanov et al. 1999, 2007). Fibrous or cloudy mantle diamonds 
contain K-rich fluid inclusions whose composition belongs to 

one of the three main types: a hydrous silicic end-member rich 
in water, a carbonatitic end-member rich in carbonate, and brine 
(e.g., Schrauder and Navon 1994; Izraeli et al. 2001; Zedgenizov 
et al. 2004; Pal’yanov et al. 2007). Potassium-enriched C-O-H 
fluid inclusions have also been found in metamorphic micro-
diamonds (e.g., Hwang et al. 2005). Experimental studies have 
revealed that coexisting fluids promote the formation of diamond 
and influence its morphology (e.g., Pal’yanov and Sokol 2009); 
indeed, fluid composition has a strong influence on diamond 
growth (Sokol et al. 2009).

The composition of C-O-H fluid provides information 
on the redox conditions of carbonado formation, because the 
composition varies significantly with oxygen fugacity (fO2) 
under diamond-saturated conditions (e.g., Woodland and Koch 
2003; Sokol et al. 2009; Zhang and Duan 2009). Therefore, 
evidence for the coexistence of a fluid phase would provide 
a critical constraint on the origin of carbonado. No previous 
study has presented clear evidence of primary fluid inclusions 
in carbonado.

Kagi and Fukura (2008) measured the infrared (IR) absorp-
tion spectra of crushed carbonado grains after acid leaching 
and detected absorption bands assignable to liquid water and 
carbonate. Based on the observations, Kagi and Fukura (2008) 
proposed that liquid water and carbonate may exist as primary 
inclusions in carbonado grains. However, this proposal remains 
speculative because it is difficult to completely eliminate volatile-
bearing impurities from grain boundaries by acid leaching, and 
water may be contaminated during the procedure.* E-mail: ishibash@eri.u-tokyo.ac.jp 


