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INTRODUCTION

Calcite is calcium carbonate, CaCO3, with a rhombohedral 
cell consisting of planar CO3 anion groups, and containing a Ca 
ion at the center of an equilateral triangle of O atoms (symmetry 
–32/m). The structure of calcite is analogous to that of NaCl if 
we consider the unit cube of halite to be shortened along one 
trigonal axis.

Calcite is a well-studied luminescent mineral, where the fol-
lowing luminescence centers have been found and interpreted: 
Mn2+, Pb2+, Ce3+, (UO2)2+, Dy3+, Sm3+, Tb3+, Tm3+, Nd3+, Eu3+, and 
a radiation-induced center of violet emission (Marfunin 1979; 
Waychunas 1989; Gorobets and Rogojine 2001; Nasdala et al. 
2004; Gaft et al. 2005).

One specific variety of calcite is known as Terlingua-type 
(TT) because of its original discovery in large quantities at Terlin-
gua, Texas, an old Hg-mining area. It is characterized by unique 
intense blue emission under shortwave UV lamp excitation with 
an extremely long decay time, accompanied by pink-orange 
luminescence under longwave UV excitation. In both cases the 
emission is especially strong in the more physically colored parts, 
which may be pinkish to red, and rarely green. The purpose of 

this work is a detailed investigation of the spectral and kinetic 
parameters of this calcite luminescence to interpret its origin. 
Analyses of the spectral-kinetic properties of major emission 
bands in the broad temperature range 40–300 K were conducted. 
Laser-induced time-resolved spectroscopy was the principal 
tool, allowing discrimination between centers with emission 
in the same spectral range, but with different decay times. The 
method involves recording the intensity in a specific time gate 
at a given delay after the excitation pulse. Such manipulation 
allows us to record separately the emissions corresponding to 
different decay times and avoid the overlapping of emission 
produced from different centers. 

EXPERIMENTAL TECHNIQUES

Luminescence and optical absorption spectroscopy
The time-resolved luminescence spectra were investigated using excimer KrF 

(248 nm), nitrogen (337 nm), and second, third, and fourth Nd-YAG harmonics 
(532, 355, and 266 nm, respectively) pulsed lasers excitations, each pulse having 
8–10 ns duration and 0.1 cm–1 spectral width. The spectra were observed at 90° 
to the excitation beam direction and were analyzed by iStar equipment enabling 
time-resolving spectra acquisition with the following features: delay times and 
strobe pulse duration from 5 ns to 19 ms, spectral detection range of 200 to 900 
nm, spectral resolution 0.5–1 nm (using gratings with 300 or 600 lines/mm, 
respectively), and use of an intensified CCD detector. Spectra were collected in 
1200 channel arrays. A pulsed optical parametric oscillator (OPO) was also used 
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ABSTRACT

The unusual luminescence of particular varieties of natural pink calcite (CaCO3) samples was 
studied by laser-induced time-resolved luminescence spectroscopy at different temperatures. The 
luminescence is characterized by intense blue emission under shortwave UV lamp excitation with an 
extremely long decay time, accompanied by pink-orange luminescence under longwave UV excita-
tion. Our investigation included optical absorption, natural thermostimulated luminescence (NTL) and 
Laser-Induced Breakdown Spectroscopy (LIBS) studies. Two luminescence centers were detected: (1) 
a narrow violet band, with max = 412 nm, Δ = 45 nm, two decay components of 1 = 5 ns and 2 = 7.2 
ms, accompanied by very long afterglow, and an orange emission band with max = 595 nm, Δ = 90 nm, 
and  = 5 ns. Both luminescence centers are thermally unstable with the blue emission disappearing 
after heating at 500 °C, and the orange emission disappearing after heating at different temperatures 
starting from 230 °C, although sometimes it is stable up to 500 °C in different samples. Both centers 
have spectral-kinetic properties very unusual for mineral luminescence, which in combination with 
extremely low impurity concentrations prevent their identification with specific impurity related 
emission. The most likely explanation of these observations may be the presence of radiation-induced 
luminescence centers. The long violet afterglow is evidently connected with trapped charge carrier 
liberation, with their subsequent migration through the valence band and ultimate recombination with 
a radiation-induced center responsible for the unusual violet luminescence. 
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