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Introduction:  Ureilites are magmatic, ultramafic 

achondrites composed predominately of olivine and 

pyroxene, most often clinopyroxene (CPX), with inter-

stitial carbonaceous materials [1]. A unique character-

istic of ureilites is the presence, and abundance (up to 3 

wt%), of elemental carbon [2]. Ureilites are particular-

ly interesting insomuch that the carbon can appear as 

diamond. The method of formation and concentration 

of the carbon phases within ureilites remains unre-

solved [3]; however, there are currently three theories: 

high-pressure, high-temperature (HPHT) growth within 

the ureilite parent body (UPB) [4], low pressure chem-

ical vapor deposition (CVD) [5], or high-pressure 

shock from an impact event [6]. We have described 

and analyzed Nova 018 to contribute to known ureilite 

literature and have identified an opportunity to conduct 

further analysis into the meteorite’s diamondiferous 

nature. 

Methodology: Element maps and backscattered 

electron (BSE) images were acquired using a JEOL 

JXA-8320 Electron Probe Microanalyzer (EPMA), at 

the University of Toronto, Canada. Unknown phases 

were identified using a Horiba LabRAM Aramis mi-

cro-Raman spectrometer at the Royal Ontario Museum 

(ROM) by comparing results to the RRUFF database 

[7]. High-resolution cathodoluminescence (CL) imag-

es, orientation and strain of two carbon-rich domains 

were acquired by a Hitachi SU6600 scanning electron 

microscope (SEM) at Western University with CL and 

electron backscatter diffraction (EBSD).  

 Observed petrography: Nova 018 exemplifies 

typical ureilite mineralogy and textures [8,9]. The me-

teorite is an ultramafic rock composed of coarse-

grained, inequigranular, magnesium-rich forsterite and 

the CPX phase, pigeonite, with interstitial carbona-

ceous material, with 70%, 27%, and 3% modal abun-

dances, respectively. Its total mass is 2.1 kg, spread 

across 13 fragments with the largest piece measuring 

1.79 kg. The meteorite does not show alteration prod-

ucts. Olivine exhibits planar fracturing and mosaicism 

indicating a shock stage of S4, or high-shock level 

[10,11]. 

Significant reduction of silicate grains is visible 

with varying widths of reduction rims, ranging from 

approximately 100 µm to nearly 2 mm. The rims sur-

rounding forsterite grains contain many inequigranular 

metal inclusions, ranging from < 1 µm to 200 µm, and 

in some instances, contain carbon. The rims surround-

ing pigeonite cores are narrower and have fewer metal 

inclusions. The significant reduction manifests as 

opaque domains in thin section (Figure 2). 

Carbonaceous material: Carbon is heterogeneous-

ly distributed throughout the thin section. It is found 

around or within pigeonite grains where it appears as 

injections (Figure 1b and 2). It only appears within the 

reduction rims of olivine grains (Figure 1b and 2). The 

carbon minerals are anhedral to bladed laths. Individu-

al domains range up to 700 µm in diameter. 

Raman spectroscopy confirms the presence of both 

diamond and graphite (Figure 3). Analogous to terres-

trial samples, diamond spectra are centered at 1331 cm-

1. Graphite spectra include both the D and G bands 

centered at 1348 and 1589 cm-1, respectively [7,12]. 

 

 

 
Figure 2: Photomicrograph in plane polarized and reflected light. 

Carbon (C) shows greater affinity to pigeonite (Pgt) than forsterite 

(Fo) and appears to have been injected into the former. 

Figure 1: (a) Scanned image of the Nova 018 thin section. (b) Ele-

ment distribution map of Mg showing different phases: CPX = blue; 

olivine = green; carbon, sulphides, metal  = black; reduction rims = 

yellow / red. 
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Amorphous carbonaceous material have very wide 

Raman spectra peaks centred around 1440-1470 cm-1 

and may include the sharp D band [12]. 

Images acquired by SEM-CL and EBSD reveal 

highly diamondiferous phases dispersed among graph-

ite and amorphous carbon phases. Using CL at low 

magnification, diamonds appear very bright yellow and 

blue spots. The diamonds have variable dimensions 

with diameters ranging from nanometer-sized upwards 

to 100 µm. Nova 018 consists of both nano- and micro-

diamonds which are found either as individual grains 

or within clusters (Figure 4a, b). Higher magnification 

BSE and colour CL images reveal the structure and 

zonation of individual grains and diamond clusters 

(Figure 4c, d). 

 

 
Figure 3: Raman spectra of carbonaceous phases found in Nova 

018, with baseline corrections. 

 

 
Figure 4: SEM-BSE and CL images of a carbon-rich domain. (a) 

BSE image of carbon-rich domain. (b) Magnified BSE image of 

high-relief diamonds. (c) High magnification BSE image of boxed 

in diamond cluster. (d) Coloured CL image of diamond cluster in (c) 

showing chemical zonation. 

 

Discussion: Nova 018 appears unique by the size 

and abundance of its diamonds. Research todate sug-

gests ureilitic diamonds in this sample range from na-

nometers up to tens of microns [11,13,14]. The excep-

tional size of Nova 018’s microdiamonds could indi-

cate slow growth in the HPHT environment or by CVD 

in the solar nebula [13]. Furthermore, it is possible that 

the coexistence of diamond with graphite could be ex-

plained by back transformation from diamond to graph-

ite under heat exposure or by simultaneous growth of 

graphite as a metastable phase [13]. The blue and yel-

low colours produced by CL imaging could indicate 

growth by CVD and natural polycrystalline diamond, 

respectively [14]. If the diamonds in Nova 018 are ori-

ented, the HPHT theory would be unable to explain its 

uniaxial growth [15], however, it could be explained by 

CVD or a high-impact shock event transforming graph-

ite into diamond [16]. The conflicting data and theories 

create a complex scenario. Further analysis to deter-

mine the nucleation and growth histories of the nano- 

and micro-diamonds is required. It is possible that the 

petrogenesis of Nova 018’s varied and abundant car-

bon phases involve a combination of any of these theo-

ries. 

Future Work: Abundances of highly siderophile 

elements will be conducted using Laser Ablation In-

ductively Coupled Plasma Mass Spectrometry (LA-

ICP-MS) and a total count of diamond abundances will 

be attempted utilizing either transmitted ultraviolet 

petrographic microscopy or computed tomography 

(CT). Further analysis to confirm the presence of ori-

ented diamonds is required to better constrain method  

of formation. 
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