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Abstract
Particularly interesting chemical variability in the U4+ phosphate mineral vyacheslavite 

from Menzenschwand (Germany) has been discovered and investigated by means of electron-
diffraction and micro-chemical methods. Suggested variability comprises the elevated contents 
of calcium and rare-earth elements (REEs or Ln). Based on the crystal structure refinement from 
3D electron diffraction data, the structural formula of Ca-rich vyacheslavite studied is U0.895Ca0.105 

PO4(OH)0.790(H2O)0.210. In general, such compositional variability involving Ca2+ can be expressed as 
U1–x CaxPO4(OH)1–2x(H2O)2x. Based on detailed electron-probe microanalysis, regions extremely enriched 
in Y and Ln have been discovered, characterized by the contents up to 11 wt% of Y2O3 and ~4.5 wt% 
of Ln2O3. In addition to the above-mentioned substitution mechanism, substitution involving Y and Ln 
can be expressed as U4+ + OH– → REE3+ + H2O. Although the structure refinement has not provided 
direct evidence of H2O in the studied nano-fragments of vyacheslavite, the presence of H2O and its 
substitution at OH– sites is a reasonable and necessary charge-balancing mechanism. One H atom site 
was located during structure refinements; however, an additional H-site is only partially occupied and 
thus was not revealed from the refinement despite the high-quality data. Substitutional trends observed 
here suggest possible miscibility or structural relationship between vyacheslavite, rhabdophane, and 
ningyoite that may depend strongly on OH/H2O content, considering that all crystallize under similar 
paragenetic conditions.
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Introduction
Only two U4+ phosphates without additional metal cations are 

known from nature: lermontovite U4+(PO4)(OH)(H2O) (Melkov 
et al. 1983), and vyacheslavite, U4+(PO4)(OH) (Belova et al. 
1984). These minerals form as products of reduction of U6+ to 
U4+ in the supergene enrichment areas of the oxidation zones 
of U deposits. Together with the other U4+-containing mineral, 
ningyoite, CaU4+(PO4)2(H2O)2, they are substantial constituents 
of secondary U deposits and are of considerable economic im-
portance (Doinikova 2007). Nevertheless, they have remained 
poorly defined due to the fact that they are usually poorly crys-
talline or only form nanocrystals, preventing them from being 
characterized by conventional methods. Recently, Steciuk et al. 
(2019) reported the first structure determination of vyacheslavite 
from natural nanocrystals using 3D electron diffraction technique 
(Vincent and Midgley 1994; Gemmi and Lanza 2019; Gemmi 
et al. 2019). Additionally, Density-Functional-Theory (DFT) 
calculations (Steciuk et al. 2019) showed that vyacheslavite 
contains no molecular H2O, in contrast to previous findings (Be-
lova et al. 1984). During crystal structure studies, we observed 
significant chemical variability in specimens of vyacheslavite 
originating from the Menzenschwand uranium deposit (Black 
Forest Mts., Germany). Here, we report on the results of this 

study, documenting that (Ca,REE)-rich vyacheslavite may 
represent an intermediate partially hydrated member related to 
U4+, Ca2+, Ln3+-bearing hydroxyl phosphates, such as ningyoite 
and rhabdophane.

Material description
Samples we investigated in this study originate from the 

Menzenschwand (Krunkelbach) uranium deposit, Black Forest 
Mountains, Germany, and were retrieved from the former Dietre 
Nicolai collection via Carsten Slotta (Mintreasure.com). The 
matrix of the specimen consists of quartz (partially smoky-quartz), 
which crystallized in cavities. The pyramidal terminations of 
quartz are covered by limonite overgrown by dark-green to the 
green crusts of vyacheslavite. Abundant hematite is also present. 
Crusts of vyacheslavite revealed upon trimming cover primary ore 
minerals, which have a metallic or semi-metallic luster. Uraninite 
and pyrite occur intimately associated with each other.

Chemical analysis
Vyacheslavite and related minerals were analyzed by electron microprobe 

using a Cameca SX100 electron microprobe (Masaryk University, Brno) operat-
ing in wavelength-dispersive spectroscopy mode using an accelerating voltage of 
15 kV, and a beam current of 20 nA for vyacheslavite and 40 nA for uraninite. The 
beam diameter was set to 15 μm for vyacheslavite and 5 μm for (Ca,REE)-rich 
vyacheslavite and uraninite. Concentrations of elements other than those reported 
in Table 1 were below detection limits (ca. 0.05–0.10 wt%). Standards used for 
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