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Abstract

The crystal structure and crystal chemistry of chromian pumpellyite from basic schist in the 
Osayama ultramafic body, Okayama, Japan, were investigated using electron probe microanalysis 
(EPMA), Fourier transform infrared spectroscopy (FTIR), and single-crystal X-ray diffraction to 
determine the distribution of chromium between two independent octahedral sites and structural 
changes caused by ionic substitutions in pumpellyite, VIIW8

VIX4
VIY8

IVZ12O56–n(OH)n (Z = 1). Five 
chromian pumpellyite crystals (ocp1211, ocp0604, ocp1028, ocp1013, and ocp1016) with 0.52, 
1.65, 1.26, 1.94, and 1.43 Cr atoms per formula unit (apfu) (EPMA data), respectively, were picked 
from a hand specimen for X-ray diffraction analysis. The crystal structures (space group C2/m) of 
ocp1211 [a = 19.1129(6), b = 5.8963(5), c = 8.818(1) Å, β = 97.449(2)°], ocp0604 [a = 19.0935(4), 
b = 5.900(1), c = 8.810(2) Å, β = 97.540(7)°], ocp1028 [a = 19.105(2), b = 5.9021(6), c = 8.8143(7) 
Å, β = 97.513(3)°], ocp1013 [a = 19.1558(6), b = 5.9125(9), c = 8.844(1) Å, β = 97.448(4)°], and 
ocp1016 [a = 19.174(3), b = 5.9194(8), c = 8.830(1) Å, β = 97.497(4)°] were refined using 1058, 829, 
1070, 1105, and 1095 unique reflections, and calculations converged at R factors of 4.08, 5.02, 6.32, 
6.92, and 7.88%, respectively. The resulting site populations at the X and Y sites are (Mg1.88Al1.51Fe2+

0.38 

Cr0.16Mn2+
0.05Ni0.02)X(Al7.90Ti0.07V0.03)Y for ocp1211, (Mg1.81Al1.53Cr0.42Fe2+

0.18Mn2+
0.04Ni0.01)X(Al7.34Cr0.65V0.01)Y 

for ocp0604, (Al1.62Mg1.60Cr0.61Fe2+
0.13 Mn2+

0.03Ni0.01)X(Al7.36Cr0.61V0.03)Y for ocp1028, (Mg1.79Al1.33Cr0.47 

Fe2+
0.33Mn2+

0.08)X(Al6.66Cr1.31V0.03)Y for ocp1013, and (Mg1.94Al1.23Cr0.38Fe2+
0.37Mn2+

0.08)X(Al6.72Cr1.25V0.03)Y for 
ocp1016. Cr3+ ions in ocp1211 are distributed only in the X site. The distribution coefficient of Cr and 
Al between the X and Y sites [(Cr/Al)X/(Cr/Al)Y] is 1.66, 1.79, 3.09, and 4.54 for ocp1016, ocp1013, 
ocp0604, and ocp1028, respectively, indicating a stronger preference of Cr for the X site than the Y 
site. The a and b axes increase with increasing Cr content, whereas the c axis is almost constant. The 
mean Y-O distances increase linearly with increased Cr3+ content in the Y site. However, the mean 
X-O distances do not depend on the substitution of Cr3+ for Al3+ at the X site.

The bond valence sums and the difference-Fourier synthesis indicate that hydroxyl groups are 
located at the O5, O7, O10, and O11 positions. FTIR spectrum shows main absorption bands at ca. 
2911, 3220, 3397, and 3512 cm–1 of OH-stretching vibrations, indicating the presence of OH⋅⋅⋅O 
hydrogen bonds. 

Keywords: Pumpellyite, chromium, X-ray structural analysis, crystal chemistry, FTIR

Introduction

Pumpellyite, VIIW8
VIX4

VIY8
IVZ12O56–n(OH)n, is an essential 

rock-forming mineral in low-grade metamorphic and hydrother-
mally altered rocks. The W and Z sites are essentially occupied by 
Ca and Si, respectively, the X site by both divalent and trivalent 
cations, and the Y site by trivalent cations. Pumpellyite-group 
minerals are named according to the predominant cation in the 
Y site, where the predominant cation in the X site is denoted by 
a suffix, following Passaglia and Gottardi (1973). Pumpellyite-
group minerals rich in Al3+, Fe3+, Cr3+, Mn3+, and V3+ at the Y site 
have been named pumpellyite (Palache and Vassar 1925), jul-
goldite (Moore 1971), shuiskite (Ivanov et al. 1981), okhotskite 
(Togari and Akasaka 1987), and poppiite (Brigatti et al. 2006), 
respectively. Fe-rich pumpellyites are common in nature, and the 

distribution of Fe between the X and Y sites has thus been studied 
frequently (Allmann and Donnay 1973; Artioli and Geiger 1994; 
Akasaka et al. 1997; Artioli et al. 2003; Nagashima et al. 2006). 
Distributions of Mn and V in pumpellyite-group minerals have 
been examined by Artioli et al. (1996) and Akasaka et al. (1997), 
and by Brigatti et al. (2006), respectively.

However, despite the approval of shuiskite as a Cr-dominant 
analog of the pumpellyite group, the distribution of Cr in the two 
independent X and Y sites remained unknown until the study 
of Nagashima and Akasaka (2007), who examined chromian 
pumpellyite from Sarani in the Russian Urals. In that work, 
they found that Cr3+ ions were distributed at both the X and Y 
sites, preferring the X site over the Y site. Few studies have been 
made of the crystal chemistry of chromian pumpellyite due to 
its uncommon natural occurrence (Hamada et al. 2008), and to 
difficulty in laboratory synthesis.* E-mail: cr_pumpellyite@yahoo.co.jp


