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Abstract
Tourmaline is a common autocrystic mineral in granitic and pegmatitic rocks that records valuable 

information on the physicochemical evolution of magmas. However, xenocrystic tourmaline that does 
not crystallize from host magmas is also common but seldom reported and notoriously difficult to iden-
tify. Here, autocrystic (Tur G) and xenocrystic (Tur P) tourmalines are identified in two-mica granites 
and granitic pegmatites from the Cuonadong leucogranites, eastern Himalaya. Electron backscatter 
diffraction (EBSD), coupled with electron-probe micro-analysis (EPMA) and laser ablation ICP-MS 
analyses (LA-ICP-MS), is used to discriminate xenocrystic from autocrystic tourmaline. Although 
both tourmalines have slightly different chemical compositions, the differences are insufficient to 
permit unambiguous discrimination. However, EBSD systematically shows complex intra-crystalline 
orientations and deformation xenocrystic grains, and undeformed crystal lattices are predominant in 
autocrystic grains. EBSD could be a useful tool to identify the origin of tourmaline in granitic rocks, 
particularly when geochemical analyses and/or geochronological measurements are inconclusive.
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Introduction
Tourmaline occurs in granitic rocks and related pegmatites 

and mineral deposits (van Hinsberg et al. 2011a, 2011b) and is 
stable over wide ranges of pressures (P) and temperatures (T) 
(Dutrow and Henry 2011). It accommodates a diversity of elements 
that have extremely low rates of intracrystalline diffusion (van 
Hinsberg et al. 2011a, 2011b). This makes tourmaline a valuable 
archive of the physicochemical conditions under which it grew 
(Marschall and Jiang 2011; Slack and Trumbull 2011). As a result, 
tourmaline has been widely used to study magmatic-hydrothermal 
evolution (e.g., Yang et al. 2015; Launay et al. 2018), ore-forming 
processes (e.g., Slack and Trumbull 2011; Su et al. 2019), fluid-
rock interactions (e.g., Trumbull et al. 2009; Berryman et al. 2017), 
and subduction-zone fluid compositions (van Hinsberg et al. 
2017). These studies combined macro-textural observations with 
geochemical data to distinguish between tourmaline populations. 
In this study, compositional and isotopic information from EPMA, 
LA-ICP-MS, and multiple collector LA-ICP-MS (LA-MC-ICP-
MS) analyses is insufficient to discriminate between tourmaline 
populations that are suspected of having different origins. How-
ever, micro-textural and crystallographic data from EBSD studies 
discriminate between two populations, one of which is proposed 
to be xenocrystic and the other autocrystic.

Sample context
The collision between India and Asia occurred at ca. 60 Ma, 

and the subsequent breakoff of the subducted Neo-Tethyan slab 

occurred at ca. 45 Ma. However, intra-continental processes 
that followed the collision occurred during the Miocene (Wu 
et al. 2020; Han et al. 2020). The Cuonadong leucogranites are 
located in the easternmost section of the Tethyan Himalaya, are 
related to the Indian plate rollback and break off during the intra-
continental processes (DeCelles et al. 2011), and are associated 
with Be-Sn-W mineralization (Cao et al. 2021). The leucogranites 
consist mainly of two-mica granites, muscovite granites and 
granitic pegmatites and were produced by multistage anatexis 
during the Tertiary (45–16 Ma; Cao et al. 2021; Fan et al. 2021). 
The two-mica granites and granitic pegmatites (Fig. 1a) are the 
main hosts of tourmaline, lack apparent deformation, and have 
comparable monazite U-Th-Pb crystallization ages of 20.3 ± 0.2 
and 20.5 ± 0.1 Ma (Han et al. 2020), respectively. The comparable 
ages, together with their similar mineral assemblages consisting 
of plagioclase, K-feldspar, muscovite ± tourmaline, and the oc-
currence of pegmatite veins in the two-mica granite, without clear 
boundaries between them, as well as Zr/Hf in zircons, suggest 
that the Miocene two-mica granite evolved to the Miocene gra-
nitic pegmatite by fractional crystallization (Han et al. 2020; Xie 
et al. 2020). However, two xenocrystic monazite grains yielding 
older ages of 45.2 ± 1.6 and 43.9 ± 1.4 Ma were also identified 
in the two-mica granites (Han et al. 2020). Tourmaline crystals 
from the two-mica granite (Tur G; Fig. 1b) are small (1–3 mm), 
coexist with quartz, muscovite, plagioclase, and K-feldspar, 
occur as disseminated inter-granular euhedral needles and are 
considered as autocrystic crystals crystallized from the Miocene 
two-mica granite. They also commonly show core-rim zoning 
and are thus subdivided into Tur G-cores and Tur G-rims. By 
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