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Abstract
Hydroxylpyromorphite, Pb5(PO4)3(OH), has been documented in the literature as a synthetic and 

naturally occurring phase for some time but has not previously been formally described as a mineral. It 
is fully described here for the first time using crystals collected underground in the Copps mine, Gogebic 
County, Michigan. Hydroxylpyromorphite occurs as aggregates of randomly oriented hexagonal prisms, 
primarily between about 20–35 μm in length and 6–10 μm in diameter. The mineral is colorless and 
translucent with vitreous luster and white streak. The Mohs hardness is ~3½–4; the tenacity is brittle, 
the fracture is irregular, and indistinct cleavage was observed on {001}. Electron microprobe analy-
ses provided the empirical formula Pb4.97(PO4)3(OH0.69F0.33Cl0.06)Σ1.08. The calculated density using the 
measured composition is 7.32 g/cm3. Powder X‑ray diffraction data for the type material is compared 
to data previously reported for hydroxylpyromorphite from the talc mine at Rabenwald, Austria, and 
from Whytes Cleuch, Wanlockhead, Scotland. Hydroxylpyromorphite is hexagonal, P63/m, at 100 K, 
a = 9.7872(14), c = 7.3070(10) Å, V = 606.16(19) Å3, and Z = 2. The structure [R1 = 0.0181 for 494 
F>4σ(F) reflections] reveals that hydroxylpyromorphite adopts a column anion arrangement distinct 
from other members of the apatite supergroup due to the presence of fluorine and steric constraints 
imposed by stereoactive lone-pair electrons of Pb2+ cations. The F– anion sites are displaced slightly 
from hydroxyl oxygen anions, which allows for stronger hydrogen-bonding interactions that may in 
turn stabilize the observed column-anion arrangement and overall structure. Our modern characteriza-
tion of hydroxylpyromorphite provides deeper understanding to a mineral useful for remediation of 
lead-contaminated water.
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Introduction
The apatite supergroup comprises a series of structurally 

related minerals with the general formula IXM12
VIIM23(IVTO4)3X 

based upon a heteropolyhedral framework of metallic (M = 
Ca2+, Pb2+, Cd2+, Ba2+, Sr2+, Mn2+, Na+, Ce3+, La3+, Y3+, Bi3+) and 
tetrahedral cations (T = P5+, V5+, As5+, Si4+, S6+, B3+) with columns 
containing the X anions: F–, (OH)–, or Cl– (Pasero et al. 2010). 
More than fifty years of crystallographic studies of mineralogi-
cal, biological and synthetic apatite phases have revealed that 
extensive anion solid solution occurs among the group members 
and that certain species exhibit specific anion-column ordering 
schemes dependent on size, site occupancy, and the chemical 
makeup of the anion column (Hughes and Rakovan 2015; White 

and ZhiLi 2003). Our understanding of anion-column ordering 
in the calcium phosphate apatites is now rather well-established 
based on several studies of natural and synthetic samples (Hughes 
et al. 2014, 2016, 2018; Kelly et al. 2017). However, details of 
anion ordering in the pyromorphite group are incomplete due to 
missing data for the fluor and hydroxyl members.

In the existing literature, numerous references have been 
made to “hydroxypyromorphite, hydroxopyromorphite, lead 
apatite, or lead hydroxyapatite” compounds as both synthetic 
and natural material, although until now the crystal structure of 
hydroxylpyromorphite found in Nature was not determined, nor 
formally considered a mineral (Brückner et al. 1995; Cockbain 
1968; Lower et al. 1998; Mavropoulos et al. 2002; Zhu et al. 
2016). Here for the first time, we provide a full structural analysis 
of the mineral hydroxylpyromorphite.

The mineral and its name have been approved by the Com-
mission on New Minerals, Nomenclature and Classification of 
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