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INTRODUCTION

Carpholite-group minerals with the idealized composition 
(Mn,Mg,Fe2+)Al2[Si2O6](OH, F)4 are zweier single-chain sili-
cates. Pairs of single-chains parallel to [001] are linked by Al3+ 
and (Mn, Mg, Fe2+) octahedra to form a structure with several 
large cavities (Ferraris et al. 1992). The Mn end-member of 
the carpholite group, carpholite (s.s.) MnAl2[Si2O6](OH)4, 
was named in 1817 by A.G. Werner (see Strunz and Nickel 
2001). Other important members of the carpholite group are 
ferrocarpholite, Fe2+Al2[Si2O6](OH)4 (de Roever 1951) and mag-
nesiocarpholite, MgAl2[Si2O6](OH)4 (Goffé et al. 1973). The al-
kaline-bearing members balipholite BaMg2LiAl3[Si2O6]2(OH,F)8 
(X-ray Laboratory Geology Team 654 1975; Fleischer et al. 1976) 
and an unnamed nonstoichiometric carpholite group mineral 
Kx(Mn2-xLix)Al4[Si2O6]2(OH)4F4 (Ghose et al. 1989; Tait et al. 
2004) as well as vanadiocarpholite Mn2+V3+Al[Si2O6](OH)4 
(Basso et al. 2005) are extremely rare.

Ferrocarpholite and magnesiocarpholite have attracted par-
ticular attention because they are indicative of low-temperature, 
high-pressure metamorphic conditions in pelitic rocks that are 
otherwise devoid of diagnostic minerals (e.g., Theye et al. 1992). 
For quantitative geothermobarometry, thermodynamic data are 
required to take into account that carpholite generally forms a 
Fe2+-Mg solid solution in such high-pressure rocks. Experimental 
data on the P-T stability are only available for magnesiocarpho-
lite (Chopin and Schreyer 1983; Theye 2000). Thermodynamic 

data for carpholite so far have been calculated from the limited 
experimental data available (Chopin and Schreyer 1983; Vidal 
et al. 1992; Holland and Powell 1998). Direct measurements 
of the thermochemical properties, which would provide Þ rm 
constraints on the thermodynamic data, were available only for 
the molar volume.

In this publication, we present low- and high-temperature 
heat-capacity (CP) data for natural ferrocarpholite and magnesio-
carpholite having compositions close to the ideal end-members, 
and we derive standard entropies for these end-members from 
our CP measurements.

MATERIAL AND METHODS

Natural ferrocarpholite (sample K94/18) and magnesiocarpholite (sample 
K84/486) were sampled from veins in low-temperature, high-pressure meta-
morphic rocks on the Greek island of Crete. The metamorphic conditions of the 
country rocks are estimated at about 10 kbar and 350�400 °C (Brix et al. 2002). 
Both of the carpholite samples occurred as centimeter-sized Þ brous aggregates 
in hydrothermal veins. Associated minerals are quartz (K94/18) or muscovite + 
dolomite (K84/486). The samples were crushed and after magnetic separation, the 
63�125 μm fractions were used for further examinations. Additional dolomite in 
sample K84/486 was removed with warm, dilute HCl. The purity of the resulting 
carpholite concentrates is estimated to be >99.5%.

The samples were characterized using a Siemens D-500 powder X-ray dif-
fractometer with Ni-Þ ltered CuKα radiation. Unit-cell parameters were determined 
by least-squares reÞ nement of 30 reß ections. The least-squares reÞ nement for the 
natural carpholite samples were based on an orthorhombic unit-cell of the space-
group Ccca and Z = 8.

Chemical analyses were performed using a JEOL electron microprobe 
(JXA-8900R) at the Institute for Geoscience, University of Kiel, with operating 
conditions of 15 keV and 20 nA. The standards used were either from the Smith-
sonian Museum of Natural History (Jarosewich et al. 1980) or commercial MAC * E-mail: christian.bertoldi@sbg.ac.at
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ABSTRACT

Low- and high-temperature heat capacities of natural ferrocarpholite and magnesiocarpholite 
samples from the island of Crete (Greece) were measured using the heat-capacity option of the Physi-
cal Properties Measurement System (PPMS, Quantum Design), which is based on the principles of 
heat-pulse calorimetry (HPC), and by differential scanning calorimetry (DSC). Comprehensive chemi-
cal analyses also have been performed on these samples by electron-microprobe analysis (EMPA), 
inductively coupled plasma mass spectrometry (ICP-MS), and Karl-Fischer titration (KFT) for H2O. 
In addition, the ferrocarpholite sample has been investigated by Mössbauer spectroscopy (MS). The 
measured heat capacities were corrected to end-member compositions of ferrocarpholite and magnesio-
carpholite. The standard entropy of end-member ferrocarpholite Fe2+Al2[Si2O6](OH)4 and end-member 
magnesiocarpholite MgAl2[Si2O6](OH)4 were determined as 248.1 ± 0.3 J/(mol·K) and 221.5 ± 0.2 
J/(mol·K), respectively. The CP-polynomial for end-member ferrocarpholite is CP = 652.05 � 6.0995 
×103 T�0.5 � 2.0980 × 106 T�2 + 2.9396 × 108 T�3 [J/(mol·K)], valid in the temperature range of 298.15�625 
K, and that for end-member magnesiocarpholite is CP = 644.08 � 6.0921 × 103 T�0.5 � 2.2825 × 106 T�2 
+ 3.3182 × 108 T�3 [J/(mol·K)], valid in the temperature range of 298.15�725 K.
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