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ABstRAct

Ophirite, Ca2Mg4[Zn2Mn2
3+(H2O)2(Fe3+W9O34)2]·46H2O, is a new mineral species from the Ophir Hill 

Consolidated mine, Ophir district, Oquirrh Mountains, Tooele County, Utah, U.S.A. Crystals of ophirite 
are orange-brown tablets on {001} with irregular {100} and {110} bounding forms; individual crystals 
are up to about 1 mm in maximum dimension and possess a pale orange streak. The mineral is transpar-
HQW��ZLWK�D�YLWUHRXV�OXVWHU��LW�GRHV�QRW�ÀXRUHVFH�LQ�VKRUW��RU�ORQJ�ZDYH�XOWUDYLROHW�UDGLDWLRQ��2SKLULWH�KDV�D�
Mohs hardness of approximately 2 and brittle tenacity. No cleavage or parting was observed in the mineral. 
The fracture is irregular. The density calculated from the empirical formula using the single-crystal cell 
data is 4.060 g/cm3. Ophirite is biaxial (+) with a 2V angle of 43(2)q. Indices of refraction for ophirite 
are D = 1.730(3), E = 1.735(3), J = 1.770(3)°. The optic orientation (incompletely determined) is Y � b 
§ 9q and one optic axis is approximately perpendicular to {001}. Dispersion r > v, strong; pleochroism 
is X = light orange brown, Y = light orange brown, Z = orange brown; X < Y << Z. Chemical analyses of 
ophirite were obtained by electron probe microanalysis; optimization of that analysis using the results 
of the crystal-structure analysis yielded the formula 

(Ca1.46Mg0.50Zn0.04)¦2.00(Mg3.96Mn3+
0.04)¦4.00[(Zn1.16Fe3+

0.68Ca0.14Sb5+
0.02)¦2.00(Mn3+

1.42Sb5+
0.32Fe3+

0.24W0.02)¦2.00

{(H2O)2[(Fe3+
0.80Sb5+

0.11Ca0.07Mg0.02)¦1.00 (W8.71Mn3+
0.29)¦1.00]2}]·46H2O; 

WKH�VLPSOL¿HG�IRUPXOD�RI�RSKLULWH�LV�&D2Mg4[Zn2Mn2
3+(H2O)2(Fe3+W9O34)2]·46H2O. Ophirite is triclinic, 

P1, with a = 11.9860(2), b = 13.2073(2), c = 17.689(1) Å, D = 69.690(5), E = 85.364(6), J = 64.875(5)q, 
V = 2370.35(18) Å3, and Z = 1. The strongest four lines in the diffraction pattern are [d in Å (I)(hkl)]: 
10.169(100)(100,110), 11.33(91)(011,010), 2.992(75)(334,341,1 1 5), and 2.760(55)(412,006,1 3 5). The 
DWRPLF�DUUDQJHPHQW�RI�RSKLULWH�ZDV�VROYHG�DQG�UH¿QHG�WR�R1� ��������IRU������LQGHSHQGHQW�UHÀHFWLRQV��
The structural unit, ideally {[6]Zn2

[6]Mn2
3+(H2O)2([4]Fe3+[6]W9

6+O34)2}12–, consists of a [Zn2Mn2
3+(H2O)2] oc-

tahedral layer sandwiched between opposing heteropolytungstate tri-lacunary ([4]Fe3+[6]W9
6+O34) Keggin 

anions. Similar structures with an octahedral layer between two tri-lacunary Keggin anions are known 
in synthetic phases. Charge balance in the ophirite structure is maintained by the {[Mg(H2O)6]4[Ca 
(H2O)6]2·10H2O}12+ interstitial unit. The interstitial unit in the structure of ophirite is formed of two dis-
tinct Mg(H2O)6 octahedra and a Ca(H2O)6O1�SRO\KHGURQ��DV�ZHOO�DV�¿YH�LVRODWHG�ZDWHU�PROHFXOHV��7KH�
linkage between the structural unit and the interstitial unit results principally from hydrogen bonding 
between oxygen atoms of the structural unit with hydrogen atoms of the interstitial unit. Ophirite is the 
¿UVW�NQRZQ�PLQHUDO�WR�FRQWDLQ�D�ODFXQDU\�GHIHFW�GHULYDWLYH�RI�WKH�.HJJLQ�DQLRQ��D�KHWHURSRO\DQLRQ�WKDW�
is well known in synthetic phases. The new mineral is named ophirite to recognize its discovery at the 
Ophir Hill Consolidated mine, Ophir District, Oquirrh Mountains, Tooele County, Utah, U.S.A.
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intRoduction

The Ophir mining district, Utah, was organized shortly after ore 
deposits were discovered in the Oquirrh Mountains in 1865. For 
a century, the district was an important source of lead, zinc, cop-
per, and silver ores until the close of the Ophir Hill Consolidated 

mine in 1972 (Marty and Wise 2008). The geologic setting of the 
Ophir district is given by those authors, and this brief summary 
is taken from their work. The Oquirrh Mountains are formed of 
allochthonous folded and faulted Paleozoic sedimentary rocks; 
these nappes were transported eastward in the Sevier thrust 
belt. In the Ophir district, in the southern portion of the Oquirrh 
Mountains, the sedimentary rocks form an 8000 ft sequence that 

American Mineralogist, Volume 99, pages 1045–1051, 2014

0003-004X/14/0506–1045$05.00/DOI: http://dx.doi.org/10.2138/am.2014.4699      1045 

* E-mail: jmhughes@uvm.edu


