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Introduction:  As is well known, ureilite contains 

diamond and graphite. There are three major models as 

a diamond formation mechanism in ureilite; i.e., 1) 

formation from a fluid or melt in the deep interior of an 

ureilite parent-body [e.g., 1], 2) formation through 

chemical vapor deposition (CVD)[e.g., 2] and 3) 

shock-induced transformation of graphite at the mo-

ment of planetesimal collision [e.g., 3]. Now, shock-

induced transformation model is widely accepted. 

Almahata Sitta is the first meteorite that was observed 

and its trajectory was determined before the fall [4]. 

Almahata Sitta consists mainly of coarse- and fine-

grained ureilites with less abundant chondritic clasts 

[5][6]. Most diamonds in ureilites studied previously 

are polycrystalline assemblages, and the individual 

single crystals are sub-microns in size. We found, at 

the first time, a huge single diamond crystal from one 

of Almahata Sitta coarse-grained ureilite samples. Here, 

we report the occurrence and nature of the unique dia-

mond in the Almahata Sitta coarse-grained ureilite, and 

discuss its possible formation mechanism. 

Experimental methods:  We prepared several pol-

ished chip samples of Almahata Sitta coarse-grained 

ureilite MS-170 for this study. Euhedral grains of dia-

mond were easily recognized in graphite matrix be-

tween silicate minerals under an optical microscope, 

both phases were confirmed with a laser micro-Raman 

spectroscopy (JASCO NRS-5100). The petrological 

and mineralogical textures were studied with a low-

vacuum SEM (Hitachi S-3400N) without any coating. 

We determined the crystallographic orientation distri-

bution of diamond using a EBSD system (HKL Tech-

nology Channel 5) attached to the low-vacuum SEM. 

Chemical compositions of the constituent minerals 

were determined with an EPMA (JEOL JXA-8800M). 

Some diamonds and graphites were observed with a 

TEM (JEOL JEM-2010). Isotope distribution images 

in diamond were taken with a NanoSIMS 50L. Sam-

ples for TEM observation and NanoSIMS measure-

ment were prepared by a FIB system (JEOL JEM-

9320FIB). 

Results and discussion:  The Almahata Sitta 

coarse-grained ureilite MS-170 consists mainly of oli-

vine (Fa18-21) and low-Ca pyroxene, with less abundant 

troilite, kamacite, magnetite, schreibersite and dia-

mond-graphite assemblages. Olivine and low-Ca py-

roxene around the diamond-graphite usually show the 

typical reduction texture of ureilites. Because of its 

hardness, diamond appears above the polished surface, 

easily seen under an optical microscope and SEM. The 

main diamond Raman band (T2g phonon mode) stays 

within narrow range (1333.5 cm
-1

, σ = 1.7, n = 53). 

High-magnification BSE images show that many dia-

monds (a dimension > ~2.0 μm) have hexahedron- or 

octahedron-like habits, which corresponds to idiomor-

phic {001} or {111} diamond, respectively, although 

not always idiomorphic. TEM images show that most 

diamonds are single crystals although now they are 

divided into several fragments along fractures or cleav-

ages. SEM-EBSD analysis indicates that many dia-

mond fragments have similar crystallographic orienta-

tion, implying that these fragments originated from one 

single crystal of diamond. Considering the SEM-EBSD 

analysis, a dimension of single crystal diamond is esti-

mated to be ~100 μm or more. Unoriented graphite 

platelets exist between the diamonds. No specific crys-

tallographic orientation between graphite and diamond 

could be found. The isotope distribution images show 

heterogeneous nitrogen abundances and δ
13

C values 

(δ
13

C = {(
13

C/
12

C)Sample/(
13

C/
12

C)PDB - 1} X 1000) 

among individual diamonds and even within grains. 

Some diamonds show sector zoning of nitrogen. 

Almahata Sitta is a less shocked ureilite (S0). The idi-

omorphic huge single diamond was not formed from 

graphite through martensitic phase transformation 

mechanism under high-pressure and -temperature con-

ditions induced by dynamic events. The diamond 

would form under static conditions. CVD process and 

formation from a fluid or melt in the deep interior of an 

ureilite parent-body are likely scenarios for the huge 

single diamond formation. Additional NanoSIMS anal-

ysis and noble gas analysis are still on going to clarify 

its origin. 
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