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Abstract
Ferrous hydroxychlorides are geochemically important but less recognized mineral species due 

to their extreme sensitivity to oxidation and hydration in contact with air {typically they convert to 
akaganéite [Fe3+(O,OH,Cl)]}. Only the γ-form was previously known as the orthorhombic mineral 
hibbingite, associated with altered mafic intrusive rocks. In this study, we describe the β-polymorph 
of Fe2(OH)3Cl as a new mineral parahibbingite that was found in pyroxenite from the Karee platinum 
mine in the Bushveld Complex, South Africa. The two minerals were distinguished by a combination 
of Raman spectroscopy and FIB-SEM-TEM analytical techniques (TEM-EDX and TEM-SAED). 
They can be easily recognized by their distinct Raman spectra. Parahibbingite has two very strong 
vibration bands at ~3550 and 3560 cm–1, accompanied by much weaker bands at ~124 and 160 cm−1, 
while the Raman spectrum of hibbingite has a sharp, strong band at 3450 cm−1 and two moderate 
bands at 199 and 385 cm−1.

Parahibbingite was found as fine-grained reaction rims at the contact of orthopyroxene phenocrysts 
and talc inside a drill core. It has a trigonal space group [R3m, a = 6.94(5)  Å; c = 14.5(2) Å], with an 
empirical formula (Fe2+

1.98Mn2+
0.01Ca0.01)(OH)3.08Cl0.92. The origin of this mineral in the Bushveld Complex 

is most likely related to a late hydrothermal alteration of pyroxenite. Hibbingite forms as an abundant 
daughter mineral hosted by fluid inclusions and salt melt inclusions in hydrothermal quartz associ-
ated with granitic systems during cooling under reducing conditions. Such inclusions are common in 
Au-porphyry mineralization worldwide, such as the Biely Vrch (Slovakia) deposit studied in detail in 
this work. The lattice parameters obtained by TEM-SAED are a = 6.30 Å, b = 7.12 Å, and c = 9.89 Å.

Hibbingite was recognized as the only phase that carries “water” (as a hydroxyl group) in otherwise 
water-free, salt melt inclusions. Furthermore, both hibbingite and parahibbingite should be considered 
as reservoirs for Cl and H2O in large volumes of altered basic and ultrabasic rocks. They can transport 
volatiles to shallow levels of subduction zones. Alternatively, their dissolution can fuel remobiliza-
tion, transport, and deposition of sulfidic ores in saline fluids. Their detection, however, is difficult 
because of their sensitivity to oxidizing atmospheres. For example, in natural outcrops exposed to air, 
they may vanish, thus distorting estimates of their abundance and role in many processes that involve 
mineral-derived volatiles.
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Introduction
Ferrous hydroxychloride is a chemical compound that can 

crystallize as three polymorphs: α, β, and γ (Oswald and Feit-
knecht 1964). All three polymorphs of Fe2(OH)3Cl are structur-
ally well characterized, however, their affiliation to a particular 
form of Fe2(OH)3Cl has rarely been examined in geological 
materials, and only the γ-form has been described as the mineral 

hibbingite (Saini-Eidukat et al. 1994). The α-form is metastable, 
thus it is less likely to occur in nature over geological periods 
of time, but the β-form has been known for a relatively long 
time in archaeological and corrosion sciences as the product 
of corrosion of man-made iron objects (e.g., Neff et al. 2005; 
Réguer et al. 2015). However, β-Fe2(OH)3Cl was never seen in 
geological samples, except in iron meteorites (e.g., Buchwald 
and Koch 1995). This can be ascribed to the fact that all forms 
of Fe2(OH)3Cl are extremely liable to oxidation and hydration 
and, therefore, very difficult to identify by conventional methods, 
especially if the grains are of a small size. Therefore, it is pos-
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