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aBstract

The EPR spectrum of Mn2+ in microcrystalline calcite geomaterials (e.g., marbles, travertines) 
possesses exceptional diagnostic characteristics, allowing to relate samples to their origin (natural/syn-
thetic, inorganic, organogenic, …) and to evaluate the details of impurities clustering. This information, 
beyond their mineralogical and geochemical interest, is of paramount importance for environmental, 
palaeoclimatic, and cultural heritage studies.

Accessing the information hidden in the Mn2+ EPR spectrum relies on disentangling spurious 
self-correlation among spin Hamiltonian parameters in the powder spectrum. In the present study, this 
goal is achieved through a systematic comparison of the temperature dependencies of four different 
microcrystalline calcite geomaterials. Accordingly, an assessment of the internal correlation structure 
of the spin Hamiltonian parameters is provided and the most sensitive discriminating parameters, 
which are able to mark samples, are identified.

It has been found that the spin Hamiltonian parameters useful for discrimination purposes are 
those which are dependent on the ligand field interaction, whereas the Fermi contact interaction, as 
well as the spin-spin, spin-phonon, and spin-lattice interactions, are not able to “store” information 
related to formation processes, nor post-depositional events. This characteristic behavior is ascribed 
to the occurrence of mosaic structure and to the clustering among Mn2+ and other impurity ions, which 
are able to induce a strong and variable ligand field interaction.

In particular, the proposed method appears fully able to reveal the biogenic origin of microcrystal-
line calcites and to trace post-depositional events.
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introDuction

The EPR spectrum of Mn2+
 in calcite has been studied for 

more than a half century (Hurd et al. 1954; Kikuchi and Matarrese 
1960; Bleaney and Rubins 1961; Barberis et al. 1975; Beltran-
Lopez and Castro-Tello 1980; Shepherd and Graham 1984). Be-
sides the interest in interactions acting on the 5 unpaired electrons 
of Mn2+ (6A1 ground state; electron spin quantum number S = 
5/2; nuclear spin quantum number I = 5/2, in its 100% abundant 
55Mn isotope), many authors (Angus et al. 1979; Fubini and Stone 
1981; Lloyd et al. 1993; Vassilikou-Dova 1993; Attanasio 1999; 
Piligkos et al. 2007) have pointed out the exceptional diagnostic 
characteristics of this EPR spectrum in microcrystalline calcite-
bearing geomaterials (e.g., marbles, travertines).

In principle, this spectrum allows to distinguish samples 
on the basis of their origin (natural/synthetic, inorganic, bio-
genic,…), of their total content of impurities and of the modes 
of impurity clustering. Accordingly, thermodynamic, kinetic, 
mineralogical, and, in a wider implication, geochemical and 
palaeoclimatic information can be gained (Angus et al. 1979; 

Di Benedetto et al. 2005, 2011; Kralj et al. 2004; Montegrossi 
et al. 2006; Cheng-Guo et al. 2007; Gunasekaran and Anbalagan 
2008). Moreover, this spectrum has also been proposed as a tool 
to study the crystal chemistry of specific neighboring ions (Di 
Benedetto et al. 2006).

Although several fundamental, semi-empirical, and empiri-
cal approaches have been proposed in the literature to deal with 
the spectroscopic features of Mn2+ in calcite (Weihe et al. 2009; 
Montegrossi et al. 2006; Attanasio 1999), a full exploitation of their 
diagnostic applications in microcrystalline calcites is still missing.

In this study, a systematic comparison of the temperature 
dependences of four different microcrystalline calcite geomateri-
als is undertaken for the first time. The aims of this study include 
the assessment of the internal correlation structure of the spin 
Hamiltonian parameters evaluated from powder spectra, and the 
identification of the most discriminating parameters which are 
able to mark samples with respect to their origin.

exPeriMental ProceDures

Evaluation of spin Hamiltonian parameters
Isolated Mn2+ in the D3d distorted octahedral configuration of the Ca site in 

calcite gives an EPR spectrum consisting of 30 lines (five sextets). The whole * E-mail: francesco.dibenedetto@unifi.it 


