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Segerstromite, Ca3(As5+O4)2[As3+(OH)3]2, the first mineral containing As3+(OH)3, the
arsenite molecule, from the Cobriza mine in the Atacama Region, Chile
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Abstract
A new mineral species, segerstromite, ideally Ca3(As5+O4)2[As3+(OH)3]2, has been discovered at
the Cobriza mine in the Sacramento district in the Copiapó Province, Chile. Crystals of segerstromite
occur as tetrahedra, dodecahedra (up to 0.50 × 0.50 × 0.50 mm), or in blocky aggregates. Associated
minerals include talmessite, vladimirite, and Sr-bearing hydroxylapatite. Similar to the associated
minerals, segerstromite is a secondary mineral. The new mineral is colorless in transmitted light,
transparent with a white streak and vitreous luster. It is brittle and has a Mohs hardness of ~4.5. No
cleavage, parting, or twinning was observed. The measured and calculated densities are 3.44(3) and
3.46 g/cm3, respectively. Optically, segerstromite is isotropic, with n = 1.731(5). It is insoluble in water
or hydrochloric acid. An electron microprobe analysis yielded an empirical formula (based on 14 O
apfu) Ca2.98(AsO4)2.00[As(OH)3]2.00.
Segerstromite is cubic, with space group I213 and unit-cell parameters a = 10.7627(2) Å, V =
1246.71(4) Å3, and Z = 4. Its crystal structure is constructed from three different polyhedral units:
distorted CaO8 cubes, rigid As5+O4 arsenate tetrahedra, and neutral As3+(OH)3 arsenite triangular pyramids. The Ca-groups form layers of corrugated crankshaft chains that lie parallel to the cubic axes.
These chains are linked by the isolated As5+O4 and As3+(OH)3 groups. Segerstromite is the first known
crystalline compound that contains the As3+(OH)3 arsenite molecule, pointing to a new potential approach to remove highly toxic and mobile As3+(OH)3 from drinking water.
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Introduction
A new mineral species, segerstromite, ideally Ca3(As O4)2
[As3+(OH)3]2, has been found at the Cobriza mine in the Sacramento district in the Copiapó Province, Atacama Region, Chile. It
is named in honor of the late Kenneth Segerstrom (1909–1992),
who was a professional geologist and worked more than 40 yr
for the U.S. Geological Survey in the U.S., Mexico, and Chile,
principally conducting field-based regional geologic studies. In
particular, Ken Segerstrom worked in Chile in conjunction with
the “Instituto de Investigaciones Geologicas” (now Sernageomin), from 1957–1963, mainly in the Atacama Region, where
the new mineral was found. Among his numerous publications,
Ken Segerstrom authored 18 maps and articles on the Atacama
Region, including the Sacramento district and the Cobriza mine.
The new mineral and its name have been approved by the Commission on New Minerals, Nomenclature and Classification
(CNMNC) of the International Mineralogical Association (IMA
2014-001). Part of the co-type sample has been deposited at the
University of Arizona Mineral Museum (catalog no. 19800) and
the RRUFF Project (deposition no. R130753).
Arsenic contamination can be a major ecological hazard
because of its well-known toxicity and carcinogenicity, even at
very low concentrations in drinking water (10 μg/L) (Hughes
2002; Vaughan 2011). In natural water, arsenic primarily exists in
5+
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inorganic forms with two predominant species: H3As3+O3 arsenite
[or commonly written as As3+(OH)3] and H3As5+O4 arsenate.
The toxicity of arsenic depends strongly on its oxidation state,
with As3+ 25–60 times more toxic than As5+ (Fazal et al. 2001).
Although some sophisticated methods have been developed
to remove As5+ from drinking water, such as by ion-exchange,
adsorption, or as a precipitate of AlAsO4 or FeAsO4, there is no
efficient or economic approach to eliminate As3+ as yet, due partly
to its greater solubility and mobility than As5+ (e.g., Zhang et al.
2007; Mohan and Pittman 2007; Itakura et al. 2008; Kreidie et
al. 2011; Roy et al. 2016; Dickson et al. 2017; Yadav et al. 2017).
Extensive efforts, both experimental and theoretical, have been
devoted to seeking ligands that can form stable complexes with
As3+(OH)3 and some successes have been achieved with certain
organic compounds (e.g., Porquet and Filella 2007; Kolozsi et
al. 2008). Nonetheless, there has been no report for the presence
of the As3+(OH)3 group in any inorganic crystalline material,
synthetic or natural, until now. Therefore, segerstromite represents the first inorganic compound that sequesters the As3+(OH)3
group in its structure.

Sample description and experimental methods
Occurrence, physical and chemical properties, and Raman
spectra
Segerstromite was found on several specimens collected by R.A.J. from the
Cobriza mine (27°49′45″S, 70°14′03″W) in the Sacramento district in the Copiapó
Province, Atacama Region, Chile. The Cobriza mine is an abandoned Pb-Ag-
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