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AbstRAct

Fluorowardite (IMA2012-016), NaAl3(PO4)2(OH)2F2·2H2O, the F analog of wardite, is a new mineral 
from the Silver Coin mine, Valmy, Iron Point district, Humboldt County, Nevada, U.S.A., where it oc-
curs as a low-temperature secondary mineral in complex phosphate assemblages rich in Al, Na, and F. 
Fluorowardite forms colorless to white or cream-colored, tetragonal-pyramidal crystals up to 0.1 mm 
in diameter. The streak is white. Crystals are transparent to translucent, with vitreous to pearly luster. 
The Mohs hardness is about 5, the tenacity is brittle, the fracture is irregular, and crystals exhibit one 
perfect cleavage on {001}. The calculated density is 2.760 g/cm3��2SWLFDOO\��ÀXRURZDUGLWH�LV�XQLD[LDO�
SRVLWLYH��ZLWK�Ȧ� ����������DQG�İ� �����������ZKLWH�OLJKW��DQG�LV�QRQ�SOHRFKURLF��(OHFWURQ�PLFURSUREH�
analyses (average of 8) provided: Na2O 6.27, CaO 1.74, MgO 0.42, Al2O3 35.21, Fe2O3 0.72, P2O5 32.49, 
As2O5�������)�������2 )�±������+2O 13.35 (structure), total 94.74 wt%. The presence of H2O and OH 
and the absence of CO3�ZHUH�FRQ¿UPHG�E\�)7,5�VSHFWURVFRS\��7KH�HPSLULFDO�IRUPXOD��EDVHG�RQ����
anions) is: (Na0.87Ca0.13Mg0.04)Ȉ����(Al2.96Fe3+

0.04)Ȉ����(P1.96As0.03)Ȉ����O8.12(OH)2.35F1.53·2H2O. Fluorowardite 
is tetragonal, P41212, a� �����������c� �����������c��V� ����������c3, and Z� ����7KH�HLJKW�VWURQJHVW�
lines in the X-ray powder diffraction pattern are [dobs�LQ�c�I)(hkl)]: 4.766(100)(004,103); 3.099(75)
(211,203); 3.008(62)(115,212); 2.834(28)(204,213); 2.597(56)(205); 1.7628(32)(400,401); 1.6592(29)
�PXOWLSOH���DQG������������������ā�ā�����7KH�VWUXFWXUH�RI�ÀXRURZDUGLWH��R1� �������IRU�����Fo�!��ıF) 
FRQWDLQV�OD\HUV�SDUDOOHO�WR�^���`�FRQVLVWLQJ�RI�$Oĳ6��ĳ� �)��2��2+�RU�+2O) octahedra, PO4 tetrahedra, 
and NaO6(H2O)2�SRO\KHGUD��7KH�WZR�LQGHSHQGHQW�$Oĳ6 octahedra link by corner-sharing to form a 
square array. Each PO4 tetrahedron shares corners with three adjacent octahedra in the same square 
array and a fourth corner with an octahedron in the next layer. The Na atoms reside in the “cavities” in 
the square array, forming bonds only to O atoms in the same layer. Of the two nearly identical OH sites 
LQ�WKH�ZDUGLWH�VWUXFWXUH��RQO\�RQH�LV�RFFXSLHG�E\�)�LQ�WKH�ÀXRURZDUGLWH�VWUXFWXUH��7KLV�LV�DQ�LQWHUHVWLQJ�
example of a structure in which OH and F are selectively incorporated into two different, but similar, 
VLWHV�DV�WKH�UHVXOW�RI�UDWKHU�VXEWOH�K\GURJHQ�ERQGLQJ�LQÀXHQFHV�
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IntRoductIon

Wardite, NaAl3(PO4)2(OH)4ǜ�+2O, was first described by 
Davison (1896) from cavities in variscite nodules from Utah. 
Although not specifically mentioned in that paper, the type 
locality is the well-known Clay Canyon deposit near Fairfield 
in Utah County, which is also the type locality for englishite, 
gordonite, millisite, montgomeryite, and overite. Since that 
time, wardite has been reported from many other localities 
worldwide, but has previously not been reported to contain 
significant amounts of F. The structure of wardite was solved 
by Fanfani et al. (1970) using a crystal from the type locality. 
They reported the structure to include two distinct OH sites.

The recognition of wardite crystals in an F-rich secondary 

phosphate assemblage at the Silver Coin mine near Valmy, 
Nevada, led us to extensively survey wardite crystals for high 
F contents that could correspond to the F analog. We found F 
to be present in most of the wardite crystals in this assemblage, 
with contents reaching levels sufficient to take the place of 
nearly half of the OH in the structure. The refinement of the 
structure of one of these crystals (see below) showed the F to 
selectively occupy one of the OH sites, where it is strongly 
dominant over OH. While it is not entirely clear whether it is 
possible for both OH sites to be dominated by F, its dominance 
at one of the sites is sufficient to qualify the phase as a new 
mineral and the F analog of wardite.

The name is based upon the mineral being the F analog of 
wardite. Note that “fluoro-” rather than “fluor-” is used as the 
prefix to make pronunciation more straightforward. The new 
mineral and name have been approved by the Commission on 


