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Abstract
Esperite from Franklin, New Jersey, was first described by Moore and Ribbe (1965) as monoclinic
with a well-developed “superlattice” a = 2 × 8.814(2) Å, b = 8.270(3) Å, c = 2 × 15.26(1) Å, β ≈ 90°,
space group P21/n (subcell), and the chemical formula PbCa3(ZnSiO4)4. They attributed “superlattice”
reflections to the ordered distributions of Pb and Ca cations over four beryllonite-type subcells for
esperite with the Ca:Pb ratio greater than 2:1.
We examined two esperite fragments from the type sample using single-crystal X-ray diffraction,
electron microprobe analysis, and Raman spectroscopy. Although both fragments have Ca:Pb ≈ 1.8,
one exhibits the “superlattice” reflections as observed by Moore and Ribbe (1965), whereas the
other does not. The sample without “superlattice” reflections has unit-cell parameters a = 8.7889(2),
b = 8.2685(2), c = 15.254(3) Å, β = 90.050(1)°, V = 1108.49(4) Å3, and the chemical composition
3+
Pb1.00(Ca1.86Fe2+
0.07Mn0.04Cr 0.02)Σ=1.99(Zn1.00Si1.00O4)3. Its crystal structure was solved in space group P21/n
(R1 = 0.022). Esperite is isostructural with beryllonite, NaBePO4, and its ideal chemical formula
should, therefore, be revised to PbCa2(ZnSiO4)3, Z = 4. The ZnO4 and SiO4 tetrahedra in esperite share
corners to form an ordered framework, with Pb2+ occupying the nine-coordinated site in the large
channels and Ca2+ occupying the two distinct octahedral sites in the small channels. The so-called
“superlattice” reflections are attributed to triple twins, a trilling of ~60° rotational twinning around
the b axis, similar to those observed in many other beryllonite-type materials. A phase transformation from a high-temperature polymorph to the esperite structure is proposed to be responsible for
the twinning formation.
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Introduction
Two Pb-Zn silicate minerals, larsenite PbZnSiO4 and “calcium-larsenite” (Pb,Ca)ZnSiO4, from a metamorphosed stratiform
zinc orebody in Franklin, New Jersey, were first described by
Palache et al. (1928a, 1928b), who, based on morphological and
chemical data, proposed that the two minerals were structurally
related to olivine with orthorhombic symmetry. Subsequent
X-ray diffraction studies by Layman (1957) and Moore and
Ribbe (1965), however, revealed that neither of the two minerals
is isomorphous with olivine. Furthermore, from various singlecrystal X-ray diffraction photographs, Moore and Ribbe (1965)
found that “calcium-larsenite” is also structurally different from
larsenite, leading them to give the mineral a new name, esperite
(also after Esper S. Larsen), with the ideal chemical formula
PbCa3(ZnSiO4)4. They described esperite as monoclinic with a
well-developed superstructure: the subcell (excluding superlattice reflections) gives a = 8.814, b = 8.270, c = 15.26 Å, β ≈ 90°,
and space group P21/n, whereas the supercell (including superlattice reflections) is B-centered with doubled a (=2 × 8.814 Å) and
c (=2 × 15.26 Å) dimensions. Intriguingly, without the structure
determination, Moore and Ribbe (1965) noted that esperite might
be structurally related to beryllonite NaBePO4 or trimerite CaMn2+
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(BeSiO4)3, but its chemical formula did not correspond. From
X-ray diffraction experiments on both natural (from the type
locality) and synthetic esperite specimens, Ito (1968) found that,
unlike the natural sample, synthetic esperite displays no superlattice reflections and has a pseudo-orthorhombic cell with a =
8.79, b = 8.29, and c =15.25 Å. Dunn (1985) conducted a series
of electron microprobe analyses on Pb-silicates from Franklin,
New Jersey, and concluded that the chemical composition of
esperite varies principally in the Ca:Pb ratio, with an empirical
formula Ca2.80Pb1.15Mn0.08Mg0.09Zn3.80Si4.04O16. To date, esperite
has only been reported from one other locality, the El Dragón
mine, Potosi, Bolivia (Grundmann et al. 1990), but no chemical
composition has been given for that occurrence. Since then, no
detailed crystallographic study on esperite has been reported. In
this paper, we report the results of our re-examination of esperite
from the holotype sample by means of single-crystal X-ray diffraction, electron microprobe analysis, and Raman spectroscopy
and re-define its ideal chemical formula as PbCa2(ZnSiO4)3,
based on our determined structure model.

Experimental methods
A fragment of esperite from the holotype sample [CMNMC 56855 in the
Canadian Museum of Nature Mineral Collection in Ottawa, originally studied by
Moore and Ribbe (1965)], Parker Shaft, Franklin, Sussex Co., New Jersey, U.S.A.,
was obtained for this study, which is now in the collection of the RRUFF project

