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Abstract
Nitscheite (IMA2020-078), (NH4)2[(UO2)2(SO4)3(H2O)2]·3H2O, is a new mineral species from the 

Green Lizard mine, Red Canyon, San Juan County, Utah, U.S.A. It is a secondary phase found in as-
sociation with chinleite-(Y), gypsum, pyrite, and Co-rich rietveldite. Nitscheite occurs in subparallel 
and divergent intergrowths of yellow prisms, up to about 0.3 mm in length. Crystals are elongated on 
[101] and exhibit the forms {100}, {010}, {001}, and {111}. The mineral is transparent with vitreous 
luster and very pale-yellow streak. It exhibits bright green fluorescence under a 405 nm laser. The Mohs 
hardness is ~2. The mineral has brittle tenacity, curved fracture, and one good cleavage on {010}. The 
measured density is 3.30(2) g·cm−3. The mineral is easily soluble in H2O at room temperature. The 
mineral is optically biaxial (–), α = 1.560(2), β = 1.582(2), γ = 1.583(2) (white light); 2Vmeas = 17(1)°; no 
dispersion; orientation X = b, Z ≈ [101]; pleochroism X colorless, Y and Z yellow; X < Y ≈ Z. Electron 
microprobe analysis provided the empirical formula (NH4)1.99U2.00S3.00O21H10.01. Nitscheite is monoclinic, 
P21/n, a = 17.3982(4), b = 12.8552(3), c = 17.4054(12) Å, β = 96.649(7)°, V = 3866.7(3) Å3, and Z = 8. 
The structure (R1 = 0.0329 for 4547 I > 3σI reflections) contains [(UO2)2(SO4)3(H2O)2]2− uranyl-sulfate 
sheets, which are unique among minerals, with NH4 and H2O groups between the sheets.
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Introduction
Inactive uranium mines have proven to be fruitful under-

ground “natural laboratories.” Since 2012, the abandoned ura-
nium mines in Red Canyon in southeastern Utah have provided 
more than 30 new uranyl minerals, predominantly uranyl sulfates, 
some of which possess bizarre structural features that have not 
been observed in laboratory synthetic experiments. The great 
diversity observed for uranyl sulfate minerals stems primar-
ily from the large number of stable combinatorial linkages of 
uranyl pentagonal bipyramids and sulfate tetrahedra. The recent 
discoveries of novel structural topologies provide insight into 
the factors driving the crystallization of uranium minerals, in 
particular the relationship between mineral associations, local 
chemistry, and resulting structural topology. The formation of 
these mineral structures is strongly affected by at least three 
parameters: pH, cation content, and water content (Plášil et al. 
2014). However, despite our growing knowledge of the crystal 
chemistry of uranyl sulfates, the cause of certain structural 
phenomena, manifested in particular in the minerals from Red 
Canyon, remains unknown. For instance, finite cluster topologies 
are relatively abundant among the sodium-uranyl-sulfate miner-
als, which occur commonly at the Blue Lizard mine, but do not 

occur in other mines nearby. Each new mineral has filled gaps 
in our understanding of how formation conditions influence the 
observed structural topologies, which is key to understanding 
the crystal-chemical nature of U-S systems, as well as to the 
entirety of uranyl mineralogy. The new uranyl sulfate nitscheite, 
described herein, possesses a type of uranyl sulfate sheet not 
previously observed in Nature.

Nitscheite is named in honor of German/American nuclear 
chemist Heino Nitsche (1949–2014) for his work on nuclear 
and radiochemistry of heavy elements, nuclear forensics, the 
chemistry of irradiated materials, and the confirmation of ele-
ments 114 (flerovium, Fl) and 117 (tennessine, Ts). Most recently, 
Nitsche was full professor in the Department of Chemistry at 
the University of California, Berkeley, a senior research scientist 
at Lawrence Berkeley National Laboratory (LBNL), and the 
founding director of LBNL’s Glenn T. Seaborg Center. In 2014, 
Nitsche won the Hevesy Medal, the premier international award 
of excellence honoring outstanding achievements in radioanalyti-
cal and nuclear chemistry.

Although the K analog of nitscheite has been synthesized 
(Kornyakov et al. 2020), we do not propose the use of an -(NH4) 
suffix in the naming of nitscheite at this time because no K was 
detected in its composition. If the K analog is found to occur 
naturally, we recommend that nitscheite be used as the root 
name for both species with -(NH4) and -(K) suffixes added to 
distinguish them.
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