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Fluorphosphohedyphane, Ca2Pb3(PO4)3F, the first apatite supergroup mineral with 
essential Pb and F
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AbstRAct

The new mineral fluorphosphohedyphane, Ca2Pb3(PO4)3F, the F-analog of phosphohedyphane, is 
hexagonal with space group P63/m and cell parameters a = 9.6402(12), c = 7.0121(8) Å, V = 564.4(1) 
Å3, and Z = 2. It occurs in the oxidation zone of a small Pb-Cu-Zn-Ag deposit, the Blue Bell claims, 
about 11 km west of Baker, San Bernardino County, California. It forms as sub-parallel intergrowths 
and irregular clusters of transparent, colorless, highly lustrous, hexagonal prisms with pyramidal 
terminations. It is found in cracks and narrow veins in a highly siliceous hornfels in association with 
cerussite, chrysocolla, fluorite, fluorapatite, goethite, gypsum, mimetite, opal, phosphohedyphane, 
plumbogummite, plumbophyllite, plumbotsumite, pyromorphite, quartz, and wulfenite. The streak of 
the new mineral is white, the luster is subadamantine, and the Mohs hardness is about 4. The mineral 
is brittle with subconcoidal fracture and no cleavage. The calculated density is 5.445 g/cm3 based 
upon the empirical formula. Optical properties (589 nm): uniaxial (–), ω = 1.836(5), ε = 1.824(5), 
nonpleochroic. SEM-EDS analyses yielded the averages and ranges in wt%: O 21.28 (20.31–22.14), 
F 1.59 (1.38–1.91), P 10.33 (9.81–10.83), Ca 9.66 (8.97–10.67), Pb 60.08 (57.67–61.21), total 102.95 
(102.02–103.88), providing the empirical formula (based on P = 3): Ca2.00(Pb2.61Ca0.17)Σ2.78P3O11.91F0.75. 
Infrared spectroscopy showed no evidence of OH or carbonate. The strongest powder X-ray diffraction 
lines are [d(hkl)I]: 8.38(100)22, 3.974(111)28, 3.506(002)25, 2.877(121,211)100, 1.878(213,123)26. 
Fluorphosphohedyphane has the apatite structure (R1 = 1.75% for 444 reflections with Fo > 4σF) 
with ordering of Ca and Pb in two cation sites, as in hedyphane and phosphohedyphane. The Pb2+ 
cation exhibits a stereoactive 6s2 lone-electron-pair. The X anion site at (0, 0, ½) is fully occupied 
by F forming six bonds of 2.867 Å to Pb atoms, in contrast to the six Pb-Cl bonds of 3.068 Å in 
phosphohedyphane.
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IntRoductIon

The minerals of the apatite supergroup (with the apatite 
structure) have the general formula M12M23(TO4)3X, where 
M1 is a nine-coordinated (or 6+3 coordinated) cation site, M2 
is a seven-coordinated cation site, T is a tetrahedral site, and X 
is an anion site occupied by Cl–, F–, or OH– (Pasero et al. 2010). 
Phosphohedyphane, Ca2Pb3(PO4)3Cl, was described by Kampf et 
al. (2006), who noted it to be the ordered intermediate between 
chlorapatite, Ca5(PO4)3Cl, and pyromorphite, Pb5(PO4)3Cl. 
They showed it to be a fairly widespread phase, occurring at 
the type locality, the Capitana mine, Copiapó, Chile, as well as 
16 other localities worldwide. Since that time, the mineral has 
been found by us and others at numerous other localities (e.g., 
Birch and Mills 2007). 

Pyromorphite is an even more widespread phase; however 
the F analog of pyromorphite has not as yet been found in nature 
and, although the OH analog has been reported by several sources 

(e.g., Temple 1956), it has not been approved as a mineral. The 
prevalence of pyromorphite as opposed to its F- and OH-analogs 
may be related to the presence of lead as the dominant cation at 
both the M1 and M2 sites of the apatite structure, which results 
in larger unit-cell dimensions and makes Cl–, whose ionic radius 
is markedly greater than those of F– and OH–, the best candidate 
to occupy the X site. Similarly, F- and OH-analogs of phospho-
hedyphane have not been previously reported, although Stalder 
and Rozendaal (2002) report a “calcian pyromorphite” that is 
very low in Cl and F, which may correspond to the OH-analog 
of phosphohedyphane. Herein, we report the first occurrence of 
the F-analog of phosphohedyphane from the Blue Bell claims, 
near Baker, San Bernardino County, California. It is the first 
naturally occurring phase with the apatite structure that contains 
both Pb and F as essential constituents.

The new mineral was originally approved by the Commis-
sion on New Minerals, Nomenclature and Classification of the 
International Mineralogical Association (IMA 2008-068) with 
the name phosphohedyphane-(F); however, this was changed to 
fluorphosphohedyphane in accord with the new nomenclature * E-mail: akampf@nhm.org


