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ABSTRACT

Dumortierite is relatively rare in Earth’s crust, but it is the second most abundant aluminous borosili-
cate mineral after tourmaline. Boron is an element with numerous applications inmodern societies world-
wide, ranging from health products to wind turbine blades for clean energy, but it is limited in availability
and faces a future risk of supply shortage. Only a limited number of studies have been published on
dumortierite mineralization processes, and the factors that control its abundance and distribution remain
poorly understood. Herewe present the first comprehensive electron backscatter diffraction (EBSD) study
of dumortierite mineralization mechanisms in kyanite-muscovite-dumortierite veins occurring in the
metapelites of the Amgaon Gneiss Supracrustals, in the Girola Hill area, Sakoli region, Central India.
Advanced microstructural and chemical analyses show that mixed-mode brittle-viscous deformation
in kyanite, by fracturing and easy glide on the (100) [001] slip system, facilitates fluid-rock interactions
with reactive hydrothermal fluids rich in B, F, and K and containing Na, Ti, Mg, Fe, and Pt. These inter-
actions cause the dissolution of kyanite along fracture and cleavage surfaces and the precipitation of mus-
covite (F = 0.32 wt%) and topaz (F = 16.48 wt%). The motion of ripplocation defects in muscovite
facilitates fluid migration along cleavage surfaces and crystallization of dumortierite needles within these
surfaces. Fluid flux removes silica in solution from the system, allowing reactions to continue. The
observed mineral assemblage, the microstructural signature of kyanite and muscovite, the moderate fluo-
rine content of topaz, and low fluorine content of muscovite, together suggest that dumortierite minerali-
zation results from hydrothermal activity, possibly in a transitional magmatic-hydrothermal environment,
likely at P> 2.5 kbar and 400< T< 550 °C, which could be linked with granite intrusions in the area.
Using EBSD, we demonstrate that dumortierite mineralization is focused alongmuscovite basal cleavage
surfaces, and dumortierite needle elongation is likely controlled by the fluid flux direction. These new
results enhance our understanding of the mechanisms and conditions governing dumortierite mineraliza-
tion and have significant implications for understanding the distribution of this aluminous borosilicate
mineral in muscovite-rich rocks.
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INTRODUCTION

Dumortierite is an aluminous borosilicatemineralwith the ide-
alized anhydrous chemical formula Al7BSi3O18 (Moore and
Araki 1978; Wunder et al. 2018) that may be complicated by
the occurrence of structural water in the form of hydroxyl groups
(OH)−. It is a nesosilicate mineral that forms acicular crystals with
orthorhombic symmetry, varying in color from blue to red.
Dumortierite may be found in medium- to high-grade, alumi-
num-rich metamorphic rocks (Spránitz et.al. 2017), contact meta-
morphism aureoles (Taner andMartin 1993), pegmatites (Galliski
et.al. 2012), and other igneous hydrothermal systems (Puxeddu

2019). In metamorphic rocks, dumortierite is likely to form via
metasomatic processes during fluid-rock interactions through
which its major elemental constituents, aluminum (Al) and boron
(B), are mobilized from the protolith rock (e.g., Roy et al. 2023).

Boron is an important element in the structure of plant cell
walls, and its most common compounds (boric oxide, boric acid,
and sodium borate) have many uses in modern societies around
the world, from health products such as antiseptics, to food pre-
servatives, to manufacturing of tough borosilicate glasses and
wind turbine blades for renewable energy production (e.g.,Woods
1994). However, there is uncertainty in boron reserves and supply
estimates (e.g., Mermer and Şengül 2020). Boron is concentrated
on Earth in borate minerals such as borax and kernite, fromwhich
it is sourced. Due in part to its low abundance, it is highlighted as
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