
American Mineralogist, Volume 111, pages 150–157, 2026

A new trigonal (3T) polytype of chloritoid, Fe2�Al2(SiO4)O(OH)2, from the Kosoy
Brod deposit, Middle Urals, Russia: Chemical composition, crystal structure,

and complexity analysis

ANDREY A. ZOLOTAREV1,2,†, ELENA S. ZHITOVA2,*, EKATERINA A. SELIVANOVA3,‡,
SERGEY V. KRIVOVICHEV1,3,§, PAVEL S. ZHEGUNOV2,∥, YEVGENY E. SAVCHENKO3,#, AND

ALEXANDER P. NIKOLAEV4

1Saint Petersburg State University, Universitetskaya Embankment 7-9, St. Petersburg 199034, Russia
2Institute of Volcanology and Seismology, Russian Academy of Sciences, Piip Boulevard 9, Petropavlovsk-Kamchatsky,

Russia 683004, Russia
3Kola Science Centre, Russian Academy of Sciences, ul. Fersmana 14a, Apatity 184209, Russia

4Museum and Exhibition Center “Apatit”, ul. Lenina 4a, Kirovsk, 184250, Russia

ABSTRACT

A new trigonal (3T) polytype of chloritoid, Fe2�Al2(SiO4)O(OH)2, a rock-forming schist mineral, has
been found in samples from the chloritoid type locality, KosoyBrod deposit,MiddleUrals, Russia. Single-
crystal X-ray diffraction indicated that the mineral crystallizes in the space group P32, a = 5.4890(2),
c = 26.7612(14) Å, V = 698.27(6) Å3. The structure was solved and refined toR1 = 0.0564 (wR2 = 0.1545)
for 2534 unique reflections with I> 2σ(I). After known triclinic (1A) and monoclinic (2M2) modifications,
chloritoid-3T is the third chloritoid polytype. The crystal structures of all three polytypes are based upon the
same types of octahedral and tetrahedral layers. The main difference between the polytypes is in the stack-
ing of dioctahedral layers L2 and trioctahedral layers L1 interconnected with a tetrahedral net. The new
polytype (3T) can be detected by its powder X-ray diffraction pattern. The complexity analysis indicates
that the crystal structure of chloritoid-3T is the most complex among known polytypes. The discovery of a
new chloritoid polytype is essential for the potential development of chloritoid-based geothermometers
and has implications for the general conception of polytypism.
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INTRODUCTION

Chloritoid, Fe2�Al2(SiO4)O(OH)2, a rock-forming layered
orthosilicate belonging to the chloritoid group, was first described
from the Kosoy Brod deposit in the Middle Urals, Russia (type
locality) (Fiedler 1832; Breithaupt 1835). Chloritoid was named
for its visual resemblance to minerals of the chlorite group. In
addition to chloritoid itself, the chloritoid group contains its
Mg-analog (magnesiochloritoid), Mn2�-analog (ottrélite), and
Ge4�-analog (carboirite) (Table 1). Chloritoid is an important
rock-forming mineral that forms at the early stages of regional
rock metamorphism in schists, contact-metasomatic deposits,
hydrothermal veins, and under subduction-zone metamorphic
conditions (Arenas et al. 2021; Gulbin and Mikhalsky 2020;
Nerone et al. 2023; Papeschi et al. 2023; Pitra and Martínez
2024). Chloritoid had been suggested as a geothermometer based
on the Mg-Fe partitioning between this mineral and chlorite
(Vidal et al. 1999). To date, two structural modifications
(polytypes) of chloritoid are known: two-layer monoclinic (space
group C2/c) (Harrison and Brindley 1957; Hanscom 1975;

Halferdahl 1961; Ivaldi et al. 1988; Koch-Müller et al. 2000a)
and one-layer triclinic polytype (space group C1̄) (Hanscom
1980; Koch-Müller et al. 2000a, 2000b). The crystal structures
of both modifications consist of octahedral layers: dioctahedral
or gibbsite-like sheets composed of Al(OH)6 octahedra (denoted
as the L2 layer) and trioctahedral or brucite-like sheets with
di- and trivalent cations (the L1 layer) interlinked by isolated
(SiO4) tetrahedra. The difference between the monoclinic and tri-
clinic polytypes is in the layer stacking sequence (Hålenius et al.
1981). Structural modifications of chloritoid can be distinguished
by routine powder X-ray diffraction method; the main diagnostic
reflections (according to Grevel et al. 2005) are in the d-value
range 2.4–2.5 Å (the 2-theta range is from 35 to 38° for CuKα
radiation). There are debates in the literature over whether
these structural modifications can be considered polytypic or
polymorphic (Hanscom 1980; Halferdahl 1961; Deer et al.
1982; Koch-Müller et al. 2000a; Jefferson and Thomas 1978)
(see Discussion). For the sake of simplicity, we will follow the
nomenclature of polytypic structures (Guinier et al. 1984) with
triclinic and monoclinic modifications denoted as 1A (one-layer
triclinic) and 2M2 (two-layer monoclinic) polytypes, respectively.

The standard method for distinguishing different polytypes is
powder X-ray diffraction. Due to the occurrence of chloritoid as
well-developed crystals, single-crystal X-ray diffraction is also
applicable and provides detailed crystal-structure information
useful for crystal-chemical analysis. High-resolution electron
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