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abstraCt

SiC and associated ultra-reduced minerals were reported in various geological settings, however, 
their genesis and preservation mechanism are poorly understood. Here, we reported a SiC-dominated 
ultra-reduced mineral assemblage, including SiC, TiC, native metals (Si, Fe, and Ni) and iron sili-
cide, from carbonatitic xenoliths in Dalihu, Inner Mongolia. All minerals were identified in situ in 
polished/thin sections. SiC is 20–50 mm in size, blue to colorless in color, and usually identified 
in the micro-cavities within the carbonatitic xenolith. Four types of SiC polytypes were identified, 
which are dominated by b-SiC (3C polytype) and 4H polytype followed by 15R and 6H. These SiC 
are featured by 13C-depleted isotopic compositions (d13C = –13.2 to –22.8‰, average = –17.7‰) with 
obvious spatial variation. 

We provided a numerical modeling method to prove that the C isotopic composition of the Dalihu 
SiC can be well-yielded by degassing. Our modeling results showed that degassing reaction between 
graphite and silicate can readily produce the low d13C value of SiC, and the spatial variations in C 
isotopic composition could have been formed in the progressive growth process of SiC. The detailed 
in situ occurring information is beneficial for our understanding of the preservation mechanism of the 
Dalihu ultra-reduced phase. The predominant occurrence of SiC in micro-cavities implies that exsolu-
tion and filling of CO2 and/or CO in the micro-cavities during the diapir rising process of carbonatitic 
melt could have buffered the reducing environment and separated SiC from the surrounding oxidizing 
phases. The fast cooling of host rock, which would leave insufficient time for the complete elimination 
of SiC, could have also contributed to the preservation of SiC.
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introDuCtion

Natural silicon carbide (SiC) was first reported in the Can-
yon Diablo meteorite by French chemist Moissan, after whom 
the material was named as moissanite in 1904. Since then, SiC 
was discovered in various rocks, including kimberlites (Mathez 
et al. 1995; Shiryaev et al. 2011), dunite (Liang et al. 2014), 
tuff (Mukhin et al. 2015), volcanic breccias (Di Pierro et al. 
2003), chromitite pods within ophiolites (Trumbull et al. 2009; 
Xu et al. 2015; Yang et al. 2015), metasedimentary crustal rocks 
(Janák et al. 2015), and serpentinite in the ultrahigh-pressure 
(UHP) metamorphic belt (Xu et al. 2008). However, the natural 
occurrence of SiC has been challenged scientifically for a long 
time because contamination issues arise from carborundum, 
which is widely used in the geological lab as cutting and abra-
sion material (Milton and Vitaliano 1985). Although SiC inclu-
sions in diamond from the Fuxian kimberlite confirm that SiC 
occurs naturally (Leung et al. 1990; Leung 1990), SiC is still 
an enigma mineral in terms of its genesis and its 13C-depleted 
isotopic composition. Natural SiC always occurs alongside 
with other reduced phases. SiC can have Si (Di Pierro et al. 

2003; Robinson et al. 2004; Shiryaev et al. 2011; Trumbull et 
al. 2009; Xu et al. 2008), FeSi2 (Shiryaev et al. 2011), Fe3Si7 (Di 
Pierro et al. 2003; Mathez et al. 1995; Robinson et al. 2004) as 
inclusions and can be accompanied by native Fe and Ni (Fang 
et al. 2013; Xu et al. 2015) in terrestrial rock. These phases 
usually require highly reduced conditions, implying that SiC 
is also formed under highly reduced environmental conditions. 
This assumption is strongly supported by high-pressure and 
high-temperature experiments (high P-T) (Schmidt et al. 2014; 
Ulmer et al. 1998) and thermodynamic calculations (Mathez 
et al. 1995), the results of which showed that SiC forms under 
oxygen fugacities 4–9 log units below iron-wustite (IW) buffer. 
That is an extremely reduced environment, considering that 
even under the lower mantle, the fO2 only spans a quite narrow 
range of values between IW and IW-1.5 (Frost and McCammon 
2008). SiC is strongly depleted in 13C with d13C values ranging 
from –18.2 to –34.7‰ (Di Pierro et al. 2003; Leung et al. 1990; 
Mathez et al. 1995; Trumbull et al. 2009).

In this study, we report a new discovery of SiC-dominated 
mineral assemblage in carbonatitic xenoliths carried by the 
Neogene basalt from Dalihu, Inner Mongolia (Gao and Liu 
2008; Liu et al. 2015). These carbonatitic xenoliths offer a rare 
example of deep mantle recycling of sedimentary carbonate with 
little altered limestone chemical composition (Liu et al. 2015). 
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