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Abstract
The Mogok metamorphic belt (MMB), Myanmar, is one of the most well-known gemological belts 

on Earth. Previously, 40Ar/39Ar, K-Ar, and U-Pb dating have yielded Jurassic-Miocene magmatic and 
metamorphic ages of the MMB and adjacent areas; however, no reported age data are closely related to 
the sapphire and moonstone deposits. Secondary ion mass spectrometry (SIMS) U-Pb dating of acicular 
rutile inclusions in sapphire and furnace step-heating 40Ar/39Ar dating of moonstone (antiperthite) in 
syenites from the MMB yield ages of 13.43 ± 0.92 and 13.55 ± 0.08 Ma, respectively, indicating both 
Myanmar sapphire and moonstone formed at the same time, and the ages are the youngest published 
in the region. The ages provide insight into the complex histories and processes of magmatism and 
metamorphism of the MMB, the formation of gemstone species in this belt, and the collision between 
India and Asia. In addition, our high field strength element data for the oriented rutile inclusions sug-
gest an origin by co-precipitation rather than exsolution. In situ age determination of this nature is 
particularly significant since rutile inclusions in other gemstones, such as rubies, can be used to help 
constrain the geological history of their host rocks elsewhere.

Keywords: Rutile inclusion, moonstone, Mogok metamorphic belt, geochronology, syenite

Introduction
The Mogok metamorphic belt (MMB) is one of the most 

famous and important geological units. The MMB not only hosts 
many kinds of high-quality gemstone but also forms a prominent 
tectonic sliver that is important for understanding the origin and 
continental evolution of Southeast Asia. Any list of historically 
important gem deposits of the world must include the MMB, for 
its possession of ruby and spinel, and for being a rich source of 
great varieties of gemstones, including sapphire, peridot, apatite, 
amblygonite, aquamarine, goshenite, scapolite, feldspar (moon-
stone, orthoclase, labradorite, microcline), pyroxene (diopside, 
enstatite, ferrosilite), hornblende (edenite, pargasite), andalusite, 
kyanite, fibrolite, zircon, garnet (almandine, grossular, hessonite, 
spessartite), alexandrite, chrysoberyl, iolite, quartz (amethyst, 
citrine), lapis-lazuli (lazurite), danburite, scheelite, titanite, topaz, 
tourmaline (rubellite, elbaite, schorl), hackmanite, etc., as well as 
some rare sorts like painite, poudretteite, periclase, johachidolite, 
sodalite, taaffeite, ekanite, axinite, chondrodite, sinhalite, jere-
mejevite, kornerupine, etc. (e.g., Themelis 2008 and references 
therein; Harlow and Bender 2013; Guo et al. 2016; Wu et al. 2019). 
Gem mining in the MMB is thought to have started around 1044 
AD (Themelis 2008). Mogok City is an active area for gem min-
ing and trade, and the MMB continues attracting the attention of 
mineral enthusiasts and researchers. The MMB potentially links 
the metamorphic and magmatic belts on the south margins of the 
Lhasa and Karakoram terranes, which interact directly during the 
Indian collision. The MMB is thought to have accommodated the 

extrusion or rotation of Indochina away from the collision, along 
with major shear zones including the Ailao Shan-Red River shear 
belt in China, the Wang Chao and Three Pagodas faults in Thai-
land, and the Sagaing Fault in Myanmar (Lacassin et al. 1997); 
therefore, the magmatic, metamorphic, and structural evolutions 
of the MMB place important constraints on the tectonic evolution 
of Southeast Asia (Barley et al. 2003). Previous geochronological 
studies have reported Cenozoic ages for rocks from the MMB (e.g., 
Mitchell 1993; Bertrand and Rangin 2003; Barley et al. 2003; 
Garnier et al. 2006; Mitchell et al. 2012; Lee et al. 2016; Win et 
al. 2016); however, the age data are dispersed (e.g., Bertrand and 
Rangin 2003), and no data have been reported for constraining 
the age of sapphire and moonstone in the MMB.

Sapphire is a gem variety of the corundum, and the chromo-
phores in blue sapphire are Fe2+ and Ti4+. Blue sapphires occur in 
dozens of localities on Earth, among which those from Myanmar 
are thought to be one of the finest (Giuliani and Groat 2019 and 
references therein). There are two types of sapphire deposits, mag-
matic and metamorphic, and most magmatic sapphires are found 
in alkali basalts, lamprophyres, and syenites (Guo et al. 1996; 
Sutherland et al. 1998, 2009; Harlow and Bender 2013; Giuliani 
and Groat 2019). Direct dating of corundum is impossible due to 
the lack of a suitable geochronometer; therefore, ages are con-
strained by dating related minerals (e.g., zircon, monazite, rutile, 
and micas) either in the host rocks or as syngenetic inclusions in 
the corundum. One such example is rutile. They are frequently 
observed as needles in gem sapphires (Gübelin and Koivula 2004; 
Themelis 2008).

Rutile occurs as a characteristic mineral in moderate- to high-
pressure metapelites, high-pressure metamorphosed mafic rocks, 
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