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Abstract
Protocaseyite, [Al4(OH)6(H2O)12][V10O28]·8H2O, is a new mineral (IMA2020-090) occurring in 

low-temperature, post-mining, secondary mineral assemblages at the Burro mine, Slick Rock district, 
San Miguel County, Colorado, U.S.A. Crystals of protocaseyite are saffron-yellow, thick blades, with 
pale orange-yellow streak, vitreous luster, brittle tenacity, curved fracture, two very good cleavages, 
a Mohs hardness of 2, and a density of 2.45(2) g/cm3. The optical properties of protocaseyite could be 
only partly determined: biaxial with α = 1.755(5), β < 1.80, γ > 1.80 (white light); pleochroic with X 
and Y yellow, Z orange (X ≈ Y < Z). Electron-probe microanalysis and crystal-structure solution and 
refinement provided the empirical formula [(Al3.89Mg0.11Ca0.02)Σ4.02(OH)6(H2O)12][H0.06V10O28]·8H2O.  
Protocaseyite is triclinic, P1, a = 9.435(2), b = 10.742(3), c = 11.205(3) Å, α = 75.395(7), β = 71.057(10), 
γ = 81.286(6)°, V = 1036.4(5) Å3, and Z = 1. The crystal structure (R1 = 0.026 for 4032 Io >2 σI 
reflections) contains both the [V10O28]6− decavanadate polyoxoanion and a novel [Al4(OH)6(H2O)12]6+ 
polyoxocation.
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Introduction
Low-temperature near-surface environments, particularly 

those containing highly charged metal cations, have the potential 
to form polyoxometalate ions. In recent years, extensive work 
on low-temperature phases associated with surficial alteration 
has led to the discovery of many minerals containing large 
polyoxometalate ions. Deposits in the Uravan mineral belt of 
Colorado and Utah have been a rich source of uranium and 
vanadium ores for more than a century. They have also been a 
rich source of post-mining secondary vanadium minerals that 
typically form in mine tunnels. The most common of these are 
minerals containing the decavanadate [V10O28]6– isopolyanion 
or its protonated or mixed-valence variants. Sherwoodite, from 
the Peanut mine in Montrose County, Colorado (Thompson et 
al. 1958), was the first mineral confirmed to contain a hetero-
polyanion, the (AlV14

4+,5+O40)n– vanadoaluminate anion (Evans and 
Konnert 1978), which is structurally similar to the decavanadate 
anion. In recent years, new minerals containing variants of the 
Keggin heteropolyanion (Kondinski and Parac-Vogt 2018) 
have also been discovered in mines in the Uravan mineral belt. 
These include kegginite, Pb3Ca3[AsV12O40(VO)]·20H2O, from 
the Packrat mine (Mesa County, Colorado) containing a mono-
capped Keggin ε-isomer (Kampf et al. 2017a), and bicapite, 

KNa2Mg2(H2PV14
5+O42)·25H2O, from the Pickett Corral mine 

(Montrose County, Colorado) containing a bi-capped Keggin 
α-isomer (Kampf et al. 2019a). The Packrat mine has also yielded 
several new minerals containing a novel [As3+V12

4+,5+As6
5+O51]n– 

heteropolyanion (Kampf et al. 2016a).
The name protocaseyite links the mineral to caseyite (Kampf 

et al. 2020a), which contains, as a core cation, a member of the 
class of aluminum clusters that have sheets of Al3+ linked by 
µ3-OH bridges, and they are referred to colloquially as “flatim-
ers.” This term distinguishes the sheet clusters from the more 
common Keggin-based structures of aluminum polyoxocations. 
These flatimers have only recently been discovered in nature 
and, in particular, in the vanadoaluminate flatimer, ideally 
[(V5+O2)Al10(OH)20(H2O)18]11+, in the structure of caseyite. The 
new mineral protocaseyite, described in this paper, contains the 
[Al4(OH)6(H2O)12]6+ tetramer, which has no µ3-OH bridges. We 
refer to it as a “flatimer,” in any case, because it is the smallest 
cluster that can be made stable by coordination by hydrogen 
bonding to a decametalate anion. We thus speculate that the 
tetramer in protocaseyite is genetically related to caseyite and 
other polynuclear Group 13 cations that could be coordinated 
by the decavanadate anions.

The new mineral and name have been approved by the Com-
mission on New Minerals, Nomenclature and Classification of 
the International Mineralogical Association (IMA2020-090). 
Three cotype specimens, all micromounts, are deposited in 
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