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Introduction:  Ureilites are the second largest group 

of achondrites and known to contain significant 
amounts of diamond [1]. The formation of this diamond 
was debated strongly in the scientific community [2 and 
references therein]. Recently, it was shown that large 
diamonds can be formed during shock events, most 
likely the shock event which destroyed either the ureilite 
parent body or a ureilite daughter body [2]. To obtain 
more insight into the shock event which produced 
diamond, we analyzed carbon aggregates from two 
differently shocked ureilites (U–S3 and U–S6 [3]) by 
Scanning Electron Microscopy (SEM), X-ray 
diffraction (XRD) and micro-Raman spectroscopy 
(MRS).  

Samples:  Northwest Africa (NWA) 6871 and 
Northwest Africa (NWA) 3140 are funds from 
Morocco. NWA 6871 consists mainly of olivine, while 
NWA 3140 consists of olivine and pyroxene. However, 
both samples contain abundant carbon aggregates which 
occur interstitial between the silicate grains and were 
extracted from the samples.  

Methods: Carbon aggregates were identified by 
scanning electron microscopy (SEM) using a FEI 
Quanta 200 instrument operating at low vacuum which 
enables analyses without carbon coating. XRD was 
carried out using a Rigaku Oxford Diffraction 
SuperNova single-crystal diffractometer equipped with 
a 200K Dectris detector operating with a micro-source 
MoKa X-ray radiation. Carbon aggregates were 
mounted on top of borosilicate glass fibers and analyzed 
in 1° steps in a range of 1–360°. MRS measurements 
were conducted using a WITec alpha300 R 
spectrometer (wavelength = 532 nm). Further, the 
graphite-based geothermometer by [4] was applied, 
which uses the full width at half maximum of the 
graphite G-band. 

Results: From optical microscopy observations, 
NWA 6871 is a highly shocked ureilite with a shock 
degree of U–S6, while NWA 3140 is medium shocked 
with a shock degree of U–S3. SEM and XRD showed 
that both samples contain carbon aggregates consisting 
of microdiamond, nanodiamond and nanographite 
closely intergrown with metal alloys and iron sulfides 
(e.g., FeNi, FeS). In NWA 6871, stacking order faults in 
diamond and compressed graphite can be observed, 
which are usually considered as shock indicators [5,6]. 
The MRS analyses allowed us to obtain the full width at 

half maximum of G-band (ГG) from which we estimated 
the temperature recorded by graphite to be 1411±32 °C 
for NWA 6871 and 1419±23 °C for NWA 3140. 

Discussion: Two differently shocked ureilites 
contain carbon aggregates, however in NWA 6871 these 
aggregates are often elongated and blade-shaped as 
those reported by [e.g., 2] while aggregates in NWA 
3140 are amoeboid. Of these carbon aggregates, 
graphite records a temperature of ~1400 °C, a 
temperature which exceeds magmatic temperatures for 
ureilites obtained by other geothermometers based on 
cation distribution in silicates [7 and references therein]. 
The graphite-based geothermometer by [4] has recently 
been adopted for graphite in ureilites, first by [8] and 
later by [9–11]. These authors proposed, assuming that 
micro-graphite was reduced in size during the impact 
event, that the temperatures recorded by graphite in 
ureilites could be related to the shock event which 
destroyed the ureilite parent body or the ureilite 
daughter body. Surprisingly, the temperature is the same 
for two samples with different shock degrees. However, 
the temperature falls into the temperature field for the 
catalytic transformation of graphite to diamond [12]. 
Further, the pressures of U–S3 (~10-15 GPa) and U–S6 
(~55-70 GPa) are more than sufficient to produce 
diamond with the help of catalyzing metals, which are 
present in the form of FeNi and FeS. 

Conclusions: The direct formation from graphite to 
diamond in ureilites with the help of catalysts upon 
shock was further proved. The graphite-based 
geothermometer records the highest temperature 
recorded by graphite so far. Graphite is nanometric in 
size and was most likely reduced in size from 
micrographite during the shock event. The temperature 
recorded by graphite was most likely reached during the 
shock event. It is noteworthy, that there is no apparent 
correlation between the temperature graphite has 
experienced and the degree of shock. 
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