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Abstract
Xuite, Ca3Fe2[(Al,Fe)O3(OH)]3, is a new member of the garnet supergroup discovered in basaltic 

scoria from Menan Volcanic Complex, Idaho, U.S.A. Oxidation of Fe-bearing pyroclasts at high 
temperatures led to the formation of xuite, together with luogufengite, valleyite, and hematite. The 
measured crystal size of xuite ranges from ~200 to 800 nm. The empirical chemical formula of xuite 
is (Ca0.92Mg0.08)3(Fe0.96Ti0.04)2[(AlO4H)0.44(FeO4H)0.33 (SiO4)0.05(O4H4)0.18]3. Xuite has a space group 
of Ia3d; its unit-cell parameter refined from high-resolution synchrotron X-ray diffraction (XRD) 
data is a = 12.5056(5) Å, with Z = 8 (calculated density = 3.53 g/cm3). Fourier-transform infrared 
spectroscopy spectrum of xuite shows absorption bands at 3682 and 3579 cm−1, indicating the pres-
ence of OH– in the hydrogarnet structure. In situ high-temperature synchrotron XRD combined with 
thermogravimetry and differential scanning calorimetry reveals that xuite undergoes dehydroxylation 
to form brownmillerite (Ca2FeAlO5) from ~236 to ~396 °C. Xuite occurs in the form of nanocrystals 
with a soft magnetic property, which provides important insights into the origin of basaltic scoria and 
associated paleomagnetism. Xuite was also found in Wyoming paralava, suggesting the possibility 
of its wide occurrence in various geological environments. The mineral was named after Huifang Xu 
and Hongwu Xu in honor of their sustained contributions to mineral sciences.
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Introduction
The new mineral xuite, a magnetic ferric iron-rich hydrogar-

net phase Ca3Fe2[(Al,Fe)O3(OH)]3, was discovered on vesicles’ 
surfaces of basaltic scoria from Menan volcanic Complex, Idaho, 
U.S.A. Formation of scoria was due to rapid vesiculation during 
the explosive eruption of tholeiitic basalts (Russell and Brisbin 
1990). Oxidation of Fe-bearing pyroclasts at high tempera-
tures led to the formation of xuite, together with luogufengite 
(IMA2016-005), valleyite (IMA2017-026), maghemite, hema-
tite, and quartz (Xu et al. 2017; Lee et al. 2019). Xuite is a new 
member of the hydrogarnet subgroup in the garnet supergroup, 
according to the current garnet classification (Grew et al. 2013).

This paper presents the crystal structure, chemical composi-
tion, mineral association, and dehydration process of xuite. The 
xuite phase was identified using high-resolution synchrotron 
X-ray diffraction (XRD) and transmission electron microscopy 
(TEM), which yielded crystal structural and chemical infor-
mation. Rietveld refinement and Fourier-transform infrared 
spectroscopy (FTIR) confirmed the existence of OH– in the 
structure. In situ high-temperature synchrotron XRD combined 
with thermogravimetric analysis (TGA) and differential scanning 

calorimetry (DSC) revealed the decomposition of xuite on heat-
ing. The mineral name has been approved by the Commission 
on New Minerals, Nomenclature and Classification (CNMNC) 
of the International Mineralogical Association (IMA 2018-135a) 
(Lee and Guo 2021). The mineral was named after Huifang Xu 
of the University of Wisconsin, Madison, U.S.A., and Hongwu 
Xu of the Los Alamos National Laboratory, U.S.A., in honor of 
their sustained contributions to minerals research, including the 
discovery of two other Fe-bearing nanominerals associated with 
xuite: luogufengite and valleyite. Xuite has been deposited in the 
collection of Geology Museum of the Department of Geoscience, 
the University of Wisconsin-Madison, with specimen numbers 
UWGM 2341, UW2342, and UWGM 2343.

Samples and Methods
The samples were carefully scratched off from the vesicles’ surfaces of the 

collected basaltic scoria (Online Materials1 Fig. S1). These powder samples were 
placed in a 10 M NaOH solution at 80 °C for 2 days to remove silicate glass fol-
lowing previously described procedures (Lee and Xu 2016a, 2018; Xu et al. 2017). 
After washing the powders with distilled water several times, xuite was enriched 
using a magnetic bar to minimize portions of non-magnetic minerals because it has 
soft magnetic properties. The xuite was further enriched by removing permanently 
magnetized crystals such as luogufengite and valleyite by picking them up with 
an iron needle from pre-magnetized samples. These magnetic enrichment steps 
were repeated several times.

High-resolution synchrotron XRD data were collected at beamline 11-BM of 
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