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ABSTRACT

Uramphite, (NH4)(UO2)(PO4)·3H2O, was found at Beshtau uranium deposit, Northern Caucasus, Rus-
sia, as the second world occurrence besides its type locality, Tura-Kavak uranium-coal deposit in Kyrgyz-
stan. InBeshtau, it occurs as yellow tabular crystals up to 0.3mmgrouped in crusts on amatrix composed of
albite, microcline, quartz, and chamosite in association with liebigite, meta-autunite, and plumbogummite.
The empirical formula calculated on the basis of 6 O apfu and 3 H2O is ��NH4�0.91K0.08�Σ0.99
P0.99U6+

1.01O6·3H2O. According to single-crystal X-ray diffraction, uramphite is tetragonal, P4/nmm, with
a = 6.9971(3), c = 8.9787(9) Å, V = 439.59(6) Å3, and Z = 2. The crystal structure was refined to
R1 = 3.28% for 255 unique observed reflections with jFoj ≥ 4σF . A model for the distribution of H2O
and NH+

4 molecules in the interlayer space based on the electron density distribution data is proposed.
The mineral belongs to the meta-autunite group. The IR spectrum shows the splitting of the band of
H-N-H bending vibrations into four components, which is explained here by the resonance splitting of
a group of NH+

4 cations occurring around the fourfold axis at close distances from each other. Uramphite
is related to uramarsite, (NH4)(UO2)(AsO4)·3H2O. The two minerals have similar crystal structures and
IR spectra. However, they are not isostructural. Uramarsite is triclinic, contains a significant amount of
P in arsenate sites, and significantly differs from uramphite by the arrangement of H2O andNH+

4 molecules
in the interlayer space (planar and well organized in uramphite vs. disordered in uramarsite).

Keywords: Uramphite, crystal structure, infrared spectroscopy, chemistry, Beshtau uranium deposit,
uramarsite

INTRODUCTION

Secondary uranium minerals are one of the most remarkable
groups of natural phases, both due to the wide variety of chemi-
cal composition and their fascinating structural diversity (Krivo-
vichev and Plášil 2013; Plášil 2014; Lussier et al. 2016; Gurzhiy
and Plášil 2019; Gurzhiy et al. 2019, 2021). Currently, about
300 U6�-bearing minerals are known, but not all of them have
had their crystal structures determined. One of those is uram-
phite, which was discovered in 1950 and described by Soviet
geologist Z.A. Nekrasova in the oxidation zone of a uranium-
coal deposit (Nekrasova 1957). Its name could not be disclosed
at that time due to the secrecy of uranium mining information in
the former USSR. The name of this locality was specified only
40 years later as Tura-Kavak uranium-coal deposit, Kyrgyzstan
(Pekov 1998). At its type locality, uramphite occurs along cracks
in coal at a depth of 20–50 m from the surface as bottle-green
to pale green square tablets up to 0.2 × 0.2 mm, individual
small rosettes, lichen-like aggregates, and solid dense crusts

(Nekrasova 1957). The discovered mineral was examined by
various methods, including optical microscopy, wet chemistry,
and powder X-ray diffraction. The results matched those for
synthetic uranyl phosphate trihydrate. Hence, the chemical
composition of uramphite was described by the formula
(NH4)(UO2)(PO4)·3H2O (Nekrasova 1957). Unfortunately, no
information is available on the location of the original material
from Tura-Kavak; thus, its re-examination by modern analytical
techniques is currently impossible. To our knowledge, no attempts
have been made to refine its crystal structure since the uramphite’s
description. Further investigation of ammonium uranyl phosphate
has only been on synthetic materials. In particular, the crystal struc-
ture of deuterated compound was determined from the powder
neutron diffraction data (Fitch andFender 1983), the startingmodel
for which was taken from a series of studies of proton-conductivity
of hydrogen uranyl phosphates and arsenates (Morosin 1978; Fitch
et al. 1983). It is of interest that X�[(UO2)(TO4)]·3H2O [where
X = (H3O), (NH4), Li, Na, K, and T = P, As] compounds were
described in tetragonal symmetry with unit-cell parameters of
a ≈ 7.0, c ≈ 17.5 Å, and P4/ncc space group, or with the twice
smaller c parameter of ca. 8.8 Å and higher symmetry P4/nmm
space group (Mrose 1953; Ross 1955; Frondel et al. 1956; Ross
and Evans 1964, 1965; Weigel and Hoffmann 1976; Atencio
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