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ABstrAct

The new mineral species ichnusaite, Th(MoO4)2·3H2O, has been discovered in the Mo-Bi mineraliza-
tion of Su Seinargiu, Sarroch, Cagliari, Sardinia, Italy. It occurs as colorless thin {100} tabular crystals, up 
WR�����ȝP�LQ�OHQJWK��DVVRFLDWHG�ZLWK�PXVFRYLWH��[HQRWLPH��<���DQG�QXUDJKHLWH��7K�0R24)2·H2O. Luster is 
pearly adamantine. Ichnusaite is brittle, with a perfect {100} cleavage. Owing to the very small quantity 
of available material and its intimate association with nuragheite, density and optical properties could not 
be measured. Electron microprobe analysis gave (mean of 4 spot analyses in wt%): MoO3 47.86(1.43), 
ThO2 43.40(79), total 91.26(87). On the basis of 8 O atoms per formula unit and assuming 3 H2O groups, 
in agreement with the crystal structure data, the chemical formula of ichnusaite is Th0.99Mo2.01O8·3H2O. 
Main diffraction lines, corresponding to multiple hkl indices, are [d(Å), relative visual intensity]: 5.66 
(m), 3.930 (m), 3.479 (s), 3.257 (s), 3.074 (m). Ichnusaite is monoclinic, space group P21/c, with a = 
9.6797(12), b = 10.3771(13), c� ������������c��ȕ� ������������V = 942.0(2) Å3, Z = 4. The crystal struc-
WXUH�KDV�EHHQ�VROYHG�DQG�UH¿QHG�WR�D�¿QDO�R1� �������RQ�WKH�EDVLV�RI������REVHUYHG�UHÀHFWLRQV�>ZLWK�Fo 
!��ı�Fo)]. It consists of electroneutral [Th(MoO4)2(H2O)2]0 (100) sheets of polymerized ThO7(H2O)2 and 
MoO4 polyhedra; successive sheets, stacked along [100], are connected through hydrogen bonds. Ichnu-
saite brings new understanding about the crystal chemistry of actinide molybdates, that may form during 
WKH�DOWHUDWLRQ�RI�VSHQW�QXFOHDU�IXHO�DQG�LQÀXHQFH�WKH�UHOHDVH�RI�UDGLRQXFOLGHV�XQGHU�UHSRVLWRU\�FRQGLWLRQV�
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introduction

Thorium (Z = 90) is an actinide element found in the bulk 
silicate Earth with the estimated average concentration of ~0.06 
ppm (Plant et al. 1999); even if it is about three times more 
abundant than uranium, only 22 mineral species containing Th as 
an essential component are known (Table 1), compared to more 
than 200 uranium mineral species. This difference is discussed 
by Hazen et al. (2009) and related to three main aspects: (1) Th 
occurs only as Th4+ and it does not have an analog of (UO2)2+ ion, 
not forming isomorphs of the numerous uranyl compounds; (2) 
the half-life of 232Th (the most abundant isotope of Th) is ~14 
ELOOLRQ�\HDUV�VR�WKDW�WKRULXP�PLQHUDOV�GR�QRW�VKRZ�H[WHQVLYH�
degree of radiation damage and chemical alteration; and (3) 
Th-compounds are relatively insoluble, and Th4+ is mobilized 
under much more restricted chemical-physical conditions than 
U4+��QRW�EHLQJ�FRPSOH[HG�E\�FKORULGH�RU�FDUERQDWH��DV�RFFXUV�IRU�
U4+��EXW�RQO\�IRUPLQJ�)�FRPSOH[HV��7KRULXP�RFFXUV�DV�D�PLQRU�
component in rare-earth element phosphates (e.g., monazite, 
[HQRWLPH��DQG�DV�D�WUDFH�HOHPHQW�LQ�DSDWLWH�JURXS�PLQHUDOV��/XR�

et al. 2011); owing to its occurrence in these common rock-
accessory phases, Th minerals can be used as geochronometers 
for dating through the U-Th-Pb and (U,Th)/He methods.

During a routine check of mineral samples from Su Seinargiu 
(Sardinia, Italy) through qualitative EDS chemical analyses, 
some crystals were identified containing only Th and Mo. Up 
to now, natural thorium molybdates were unknown and conse-
quently X-ray diffraction studies were performed to completely 
characterize this new compound. X-ray powder diffraction 
patterns collected through a Gandolfi camera revealed the 
presence of two different Th-Mo phases. Single-crystal X-ray 
diffraction studies showed that these two phases commonly 
form intimate intergrowths, making difficult their mineralogical 
VWXG\��7KURXJK�WKH�H[DPLQDWLRQ�RI�VHYHUDO�FU\VWDOV�� WZR�SXUH�
grains of both phases were identified, allowing the intensity 
data collection and solution of the two crystal structures. The 
two Th-Mo phases, differing in their hydration states, were 
proposed as new minerals.

In this paper, we describe the first of these two natural tho-
rium molybdates, which was named ichnusaite (pronounced 
iknusa-ait). The name is from the old Greek name of Sardinia, 
ǿȤȞȠȣııĮ�� LFKQXVD��7KH�PLQHUDO� DQG� LWV�QDPH�KDYH�EHHQ�DS-
proved by the CNMNC-IMA under the number 2013-087. The 
holotype specimen of ichnusaite is deposited in the mineral-
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