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Hoperanchite, (NH4)2(S2O3), a new mineral from an active vent in a burning
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ABSTRACT

Hoperanchite (IMA2024-017), (NH4)2(S2O3), is a newly approved mineral species from an active
vent in a burning bituminous shale at Hope Ranch, Santa Barbara County, California, U.S.A. Hoperan-
chite occurs as tabular crystals up to about 0.3 mm in diameter. Tablets are flattened on {001} and exhibit
the forms {100}, {010}, f01̄0g, {110}, and f1̄ 1̄0g. Themineral is colorless and transparentwith a vitreous
luster andwhite streak. TheMohs hardness is∼2½. Themineral has brittle tenacity, irregular fracture, and
one good cleavage on {001}. The measured density is 1.68(2) g·cm−3. The mineral dissolves instantly in
H2O at room temperature. The mineral is optically biaxial (�), α = 1.602(2), β = 1.616(2), γ = 1.634(2)
(white light); 2Vmeas = 84(2)°; orientation Y = b, X^a = 20° in obtuse β; nonpleochroic. Electron micro-
probe analysis provided the empirical formula N1.89H7.40S1.97O3. Hoperanchite is monoclinic, C2,
a = 10.2313(5), b = 6.4998(3), c = 8.8098(6) Å, β = 94.611(7)°, V = 583.97(6) Å3, and Z = 4. The crystal
structure (R1 = 0.0325 for 1176 I> 2σI reflections) is the same as that of synthetic (NH4)2(S2O3).
Hoperanchite is the first thiosulfate mineral that does not contain essential Pb.

Keywords:Hoperanchite, newmineral, thiosulfate, crystal structure, Raman spectroscopy, infrared
spectroscopy, Hope Ranch, Santa Barbara County, California

INTRODUCTION

It is a longstanding rule that substances formed as the direct
result of human activity are not considered minerals. Obviously,
crystals grown in a laboratory fall into this category; however,
phases formed in natural settings that have been more or less
impacted by human activity can be more ambiguous. Tradition-
ally, an exception has been made for post-mining, secondary
phases formed in mine tunnels or on mine dumps if they have
formed on otherwise natural rock surfaceswithout the introduction
of extraneous human-sourced material. A more contentious issue
is the formation of substances by combustion because a human
cause for the combustion can often not be ruled out. The
Commission on New Minerals, Nomenclature and Classification
(CNMNC) of the International Mineralogical Association (IMA)
procedures and guidelines on mineral nomenclature (Nickel and
Grice 1998) went so far as to state that “as a general rule, products
of combustion are not to be considered as minerals in the future.”
This policy did not invalidate already accepted combustion-
formedmineral species, but it eliminated from future consideration
phases formed by completely natural processes such as combus-
tion metamorphism. Despite this CNMNC policy, some combus-
tion minerals have been approved in the ensuing years. Two
examples are carlsonite, �NH4�5Fe3+3 O�SO4�6 · 7H2O, and hui-
zingite-(Al), �NH4�9Al3�SO4�8�OH�2 · 4H2O, both of which
formed from gases vented from an oil shale fire in Ohio (Kampf
et al. 2016). Recently, the CNMNC reversed its policy on

combustion minerals by approving a proposal specifically aimed
at allowing combustion products from burning coal dumps to be
recognized asminerals (Parafiniuk andHatert 2020). The new pol-
icy effectively extends to other types of combustion environments
if the combustion can be demonstrated to be of natural origin. The
new mineral hoperanchite, described herein, is ammonium thio-
sulfate formed from gases emanating from an active vent in a burn-
ing bituminous shale, the fire having originated by spontaneous
combustion, as discussed below. Martínez et al. (2009) previously
reported the natural occurrence of ammonium thiosulfate in fuma-
rolic mineralization produced by spontaneous oxidation in an out-
crop of sulfur-nitrogen-rich coal in the Cerro Pelado Formation,
near Pedregal city in northwestern Venezuela; however, it was
not described as a newmineral at that time because of the combus-
tion product prohibition.

Hoperanchite is named for the site of its discovery, a land-
slide along the Pacific coast at Hope Ranch, immediately west
of Santa Barbara, Santa Barbara County, California. The new
mineral and its name have been approved by the Commission
on NewMinerals, Nomenclature and Classification of the Inter-
national Mineralogical Association (IMA 2024-017). Three
cotype specimens are deposited in the collections of the Natural
History Museum of Los Angeles County, Los Angeles, Califor-
nia, U.S.A., under catalog numbers 76339, 76340, and 76341.

OCCURRENCE

Hoperanchite was first found on specimens collected by one
of the authors (P.M.A.) on December 16, 2023, from an active
vent in a burning bituminous shale of theMonterey formation on
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