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INTRODUCTION

Dating back to the discovery of the famous �Chañarcillo� 
silver deposit in 1832 (Cook 1979), the mines around Copiapó 
in the Atacama Desert of Chile have been yielding a remarkable 
array of unusual minerals. In 2004 at the Capitana mine near Co-
piapó, one of the authors (R.A.J.) collected specimens containing 
crystals of the new mineral species reported herein.

The new species with ideal formula Ca2Pb3(PO4)3Cl is a 
phosphate member of the apatite group with Ca and Pb ordered 
in the two cation sites. The strong preference of Pb2+ for the 
Ca2(6h) site in the apatite structure has been previously shown by 
single-crystal and powder XRD studies of synthetic Pb-bearing 
apatites (Engel et al. 1975; Hata et al. 1980; Mathew et al. 1980; 
Verbeeck et al. 1981). Similar ordering occurs in the mineral 
caracolite, Na3Pb2(SO4)3Cl, (Schneider 1967) and the same order-
ing in hedyphane, Ca2Pb3(AsO4)3Cl (Rouse et al. 1984). The new 
mineral can be regarded as the phosphate analog of hedyphane 
and, for this reason, has been named phosphohedyphane.

The new mineral and name have been approved by the 
Commission on New Minerals and Mineral Names of the Inter-

national Mineralogical Association. The holotype specimen is 
housed in the mineral collection of the Natural History Museum 
of Los Angeles County (catalog number 55429).

OCCURRENCE

The new mineral occurs on specimens collected from the 
dumps of the southern workings of the Capitana mine. Three 
samples were found on different parts of the dumps, but to date 
none have been encountered in the accessible underground or 
open pit parts of the mine. There is no question that the samples 
came from the mine, as the matrix and alteration found in the 
phosphohedyphane samples closely match most of the oxidiza-
tion-zone rocks from the mine. The mineral is closely associated 
with quartz, duftite, and bayldonite. Other secondary minerals 
identiÞ ed in the oxidized zone include anglesite, arsentsumebite, 
azurite, beaverite, calcite, cerussite, mimetite, malachite, mot-
tramite, and perroudite.

The Capitana mine is located 18.6 km due east of the central 
plaza in Copiapó at a division of Quebrada Cinchado (Cinchado 
arroyo or dry wash). The mineralization is found in conglomer-
ates of the Checo de Cobre member of the Cerillos formation 
of lower Cretaceous age (Segerstrom 1960). The mine has two, 
1 to 2 meter wide vertical quartz-barite veins that were mined * E-mail: akampf@nhm.org
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ABSTRACT

Phosphohedyphane, Ca2Pb3(PO4)3Cl, space group P63/m, a = 9.857(1), c = 7.130(2) Å, V = 599.9(2) 
Å3, Z = 2, is a new mineral from the Capitana mine, Copiapó, Atacama Province, Chile and has been 
identiÞ ed from numerous other deposits world-wide. At the Capitana mine, it occurs as transparent, 
colorless, tapering hexagonal prisms, as individuals up to about 0.5 mm in length and 0.1 mm in di-
ameter, which are commonly doubly terminated. Crystals often occur in subparallel intergrowths and 
irregular clusters. Phosphohedyphane forms as a secondary mineral in the oxidized zone of the Capitana 
mine, a Cu-Pb-Ag deposit, where it closely associated with quartz, duftite, and bayldonite. Crystals 
exhibit core-to-rim chemical zonation and electron analyses of cores/rims yielded CaO 9.24/7.76, PbO 
67.60/69.35, P2O5 18.40/17.00, As2O5 2.73/3.68, Cl 3.32/3.22, �O = Cl �0.75/�0.73, total 100.54/100.28 
wt%. The name phosphohedyphane is for the relationship of the mineral to hedyphane. The mineral 
has an apatite structure with ordering of Ca and Pb in the two non-equivalent large cation sites, as 
in hedyphane. The structure reÞ nement indicates that the Ca2(6h) site is completely occupied by Pb 
and the Ca1(4f) site is occupied by 92% Ca and 8% Pb. The tetrahedral site reÞ nes to 91% P and 9% 
As. The reÞ nement indicates the 0,0,0 position to be fully occupied by Cl. The ordering of Ca and Pb 
in phosphohedyphane has important implications with respect to the chlorapatite-pyromorphite solid 
solution series. An analysis of compositions of natural members of the pyromorphite-mimetite-tur-
neaureite-chlorapatite system suggests the existence of complete solid solution among pyromorphite, 
mimetite, hedyphane, and phosphohedyphane. No stable solid solutions appear to exist between the 
joins phosphohedyphane-hedyphane and chlorapatite-turneaureite in natural systems.
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