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Abstract
Ba-, Ti-, and Cl-rich micas associated with other Ba- and/or Cl-rich minerals in the rock matrix or 

in garnet and clinopyroxene hosted multiphase solid inclusions (MSI) are observed in mantle-derived 
garnet pyroxenites. The micas show extremely high variability in chemical composition ranging be-
tween Ba-rich phlogopite, chloroferrokinoshitalite, and oxykinoshitalite. Elemental covariation trends 
in mineral chemical data reveal the principal substitution mechanisms responsible for the observed 
chemical variability. The substitution Ba2+Al3+ ↔ K1+Si4+ associated with either OH1– ↔ Cl1– or Ti4+2O2– 
↔ Mg2+2OH1 links phlogopite to chloroferrokinoshitalite and oxykinoshitalite, respectively, whereas 
the substitution Ti4+2O2– ↔ Fe2+2Cl1– links chloroferrokinoshitalite to oxykinoshitalite. The preferred 
incorporation of Cl in Fe-rich mica and of Ti+O in Mg-rich mica indicates that XFe (Fetot/Fetot+Mg) 
exerts an important control on mica composition. The positive correlation of XFe with Cl led to the for-
mation of possibly the most Cl-rich mica so far described classified as chloroferrokinoshitalite (XFe0.88,  
Ba0.95K0.03Fe2.68Mg0.37Al1.91Si2.01Cl1.98) with 10.98 wt% Cl. Substantial substitution of OH– by Cl– and O2– 
in mica, and the presence of Cl-apatite, a rare Cl-rich phosphate goryainovite, and carbonates together 
with Cl-rich micas indicate high-Cl and -CO2 activity and low-H2O activity in metasomatizing fluids 
or melts that may be classified as Ba-Cl-rich silicocarbonatitic. The coexistence of two micas with 
distinct compositions close to chloroferrokinoshitalite (XFe0.57–0.77, K~0.1Ba0.6–0.8Mg0.7–1.3Fe1.7–2.3Ti0.0–0.1 

Si2.2–2.3Al1.5–1.7Cl1.2–1.8) and oxykinoshitalite (XFe0.19–0.20, K~0.3Ba~0.5Mg2.0–2.1Fe~0.5Ti0.2–0.4Si2.4–2.6Al~1.8Cl~0.3) 
suggests that a miscibility gap exists between these two compositions. The exotic mineral assemblage 
was formed by interaction with metasomatizing fluids or melts whose origin cannot be defined with 
certainty. They may be derived from crustal or mantle lithologies or from the host garnet pyroxenites. 
The textural position of the MSI in garnet and their characteristic mineral assemblages indicate that 
they have been introduced into the garnet crystals under post-peak conditions, possibly during decom-
pression. With this research we document substitution mechanisms in Ba-, Ti-, and Cl-rich micas and 
shed light on the behavior and composition of fluids or melts at the upper mantle/lower crust interface.
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Introduction
Occurrence and origin of Ba- (Cl-) bearing micas

Ba- and Cl-rich mineral assemblages including Ba-rich micas 
have been documented from a wide range of crustal lithologies 
including ore deposits (Pattiaratchi et al. 1967; Jiang et al. 1996; 
Gnos and Armbruster 2000), banded iron-formations (Henry 
and Daigle 2018; Kullerud 1995), metacherts (Grapes 1993), 
metaexhalites (Oen and Lustenhouwer 1992), magnetite-bearing 
gneisses (Léger et al. 1996), skarns and marbles (Bol et al. 1989; 
Tracy 1991), charnockites and related rocks (Kamineni et al. 
1982; Sharygin et al. 2014), olivine nephelinite (Kogarko et al. 
2005; Manuella et al. 2012), and MORB-derived amphibolite 
and associated lithologies (Blanco-Quintero et al. 2011). Their 

formation is mainly related to infiltration of metasomatizing fluid 
or melt, which may be derived from barite-bearing sediments 
(e.g., Grapes 1993; Tracy 1991), or to hydrothermal alteration of 
the rocks by fluids or melts associated with ore formation (e.g., 
Jiang et al. 1996; Henry and Daigle 2018). In magmatic rocks, 
they may originate from melting of enriched/metasomatized 
mantle (Kogarko et al. 2005, 2007; Manuella et al. 2012; Lopes 
and Ulbrich 2015) or from subducted MORB infiltrated by 
Ba(-Cl) fluids or melts (Blanco-Quintero et al. 2011).

In mantle lithologies, Ba(-Cl)-rich micas and other Ba(-Cl)-
rich phases are rare, but they are known from the matrix of garnet 
peridotite (Tumiati et al. 2007). These phases specifically occur 
within multiphase solid inclusions, henceforth referred to as MSI, 
in garnet or spinel from (U)HP garnet pyroxenites, eclogites, 
peridotites, and chromitites (Zaccarini et al. 2004; Faryad et al. 
2010; Borghini et al. 2018, 2020; Čopjaková and Kotková 2018; 
Naemura et al. 2018; Kotková et al. 2021b). 

In general, MSI are a type of inclusion up to 100 µm in size 
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