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Abstract
Corundum is rarely found in situ within alkali syenites. A corundum-bearing syenite was found 

in the Yushishan rare metal deposits of the eastern section of the Altyn Tagh fault in the northeastern 
Tibetan Plateau, but the characteristics and formation of corundum remain unknown. We describe 
a corundum-bearing syenite dike emplaced in biotite plagioclase gneiss that suffered overprinted 
deformation with characteristics of mylonitization. The corundum crystals have variable grain sizes, 
and the largest ones are megacrystic with growth zoning. The corundum crystals contain a variety 
of mineral inclusions that are divided into primary and secondary. The primary mineral inclusions 
within the corundum include variable contents of Fe-Ti oxide needles, ilmenite, zircon, monazite-(Ce), 
potassium feldspar, pyrochlore, columbite-(Fe), magnetite, samarskite-(Y), and pyrite that indicate 
corundum crystallized in peraluminous Zr-rich and Si-poor alkali rock with variable TiO2 contents. 
Secondary mineral inclusions include Zn-rich hercynite, ilmenite, magnetite, annite, fluorapatite, and 
intergrowths of ilmenite with columbite-(Fe) and goethite that reveal late-stage influx of Zn-, Ti-, Fe-, 
and F-bearing fluids into corundum that caused metasomatism and element migration and mineral 
precipitation. The trace element analysis of corundum shows high-Fe and -Ga contents and low-Mg 
and -Cr contents that are consistent with the characteristics of corundum of magmatic origin. The trace 
element characteristics and the oxygen isotopes (6.2–8.2‰) results indicate that corundum crystallized 
in melts with the involvement of Al-rich and Si-poor crustal material.
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Introduction
Corundum (Al2O3) is a relatively rare mineral that becomes 

colored ruby or sapphire when trace elements (Cr, Fe, Ti, Mg, V, 
and Si, etc.) are substituted in the crystal lattice (e.g., Hughes 1997; 
Emmett et al. 2003, 2017; Peretti et al. 2008; Schwarz et al. 2008; 
Rossman 2009). The crystallization of corundum requires unusual 
geochemical conditions of low silica activity combined with high 
aluminum content in some metamorphic and magmatic rocks 
(Giuliani et al. 2014a). Up to now, corundum sources have received 
various levels of description in the geological and gemological 
literature (e.g., Hughes 1997; Simonet et al. 2008; Giuliani et al. 
2014a; Sorokina et al. 2021). Corundum is formed in a range of 
rocks via several different petrogenetic processes (Simonet et al. 
2008; Giuliani et al. 2014a and references therein), and the global 
distribution of corundum (sapphire) deposits is closely linked to 
continent-continent collision, rift, and, less commonly, subduction 
environments (Graham et al. 2008; Simonet et al. 2008; Stern et al. 
2013; Meng et al. 2018; Zhang et al. 2018; Sorokina et al. 2021). 
Therefore, the presence of corundum is not only economically 
valuable but also is an important indicator of specific geological 
events and processes.

Simonet et al. (2008) classified corundum deposits into primary 
and “secondary” deposits. In primary deposits, corundum crystal-
lizes during metamorphic or igneous processes, and corundum 
is still in the same rock that it crystallized from. In “secondary” 

deposits, corundum is a clast of detrital origin or a xenocryst in 
lava; corundum occurs as an inherited mineral that formed in a 
different petrogenetic setting compared to where it was deposited 
(Rakotondrazafy et al. 2008; Palke et al. 2017). In sedimentary 
deposits, corundum is frequently extracted from gem-bearing 
alluvium and eluvium. Corundum crystals are present as clasts 
inherited from other types of deposits as in eastern Australia 
(Coenraads 1992; Zaw et al. 2006), South-East Asia (Guo et al. 
1996; Graham et al. 2008; Khamloet et al. 2014), Europe (Upton 
et al. 1999; Uher et al. 2012; Baldwin et al. 2017), and U.S.A. 
(Palke et al. 2017).

Corundum commonly is found in metamorphic rocks of 
varied lithologies in a wide range of pressure and temperature 
conditions (Garnier et al. 2008; Hattori et al. 2010; Dzikowski et 
al. 2014; Yakymchuk and Szilas 2018). Metamorphic corundum 
crystallizes as a result of isochemical metamorphic reactions in 
alumina-rich (e.g., aluminous gneisses and granulites) or silica-
poor (e.g., marbles) rocks commonly associated with aluminous 
minerals such as garnet, spinel, sapphirine, cordierite, and mainly 
stable at pressure (P) and temperature (T) conditions ranging from 
amphibolite to granulite facies (Riesco et al. 2005; Garnier et al. 
2008; Simonet et al. 2008; Dzikowski et al. 2014; Yakymchuk and 
Szilas 2018; Huang et al. 2021). The crystallization of metasomatic 
corundum is directly related to the introduction of reactive fluids 
or the accidental contact between two chemically different rocks. 
When silica-poor rocks (e.g., marble, amphibolite, and ultramafic 
rocks) and aluminosilicate rocks (e.g., granitic pegmatites, Al-rich 
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