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ABstrAct

The incommensurately modulated structure of the mineral natrite has been refined for the first time. 
Two single-crystal grains, Lv and Kh, from two different occurrences [Mt. Karnasurt, Lovozero mas-
sif (Lv), Kola peninsula, Russia, and the pegmatite of Mt. Koashva, Khibiny massif (Kh)], have been 
investigated at 293 and 120 K using synchrotron X-ray data. The average structures of both minerals 
are identical and the basic features of the structural modulations are similar to the synthetic γ-Na2CO3 
phase previously published. The γ (incommensurate) → δ (lock-in) phase transition reported at low 
temperature for the synthetic compound was not observed down to 120 K in natural natrite. Crystal-
chemical aspects, especially about the second coordination sphere for the carbon atoms, are examined 
to explain the different structural behaviors observed at low temperature. The possible role played by 
the minor isomorphous substitutions in natural natrite specimens is also discussed. 
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introduction

Natrite, Na2CO3, is a rare mineral, an endogenous high-
temperature anhydrous carbonate, which was discovered in the 
Lovozero and Khibiny alkaline massifs, Kola Peninsula, Russia, 
and described as a new mineral in 1982 (Khomyakov 1982). 
From a comparison of the X-ray powder diffraction pattern 
of synthetic γ-Na2CO3 (Brouns et al. 1964) with that obtained 
from natrite, Khomyakov (1982) assumed the structures to be 
identical. The γ-Na2CO3 phase of the synthetic compound is a 
well-known, incommensurately modulated phase. This com-
pound shows several temperature-dependent phase transitions: 
α-Na2CO3 (hexagonal; 756–972 K) → β-Na2CO3 (monoclinic; 
605–751 K) → γ-Na2CO3 (incommensurate, monoclinic; below 
605 K) → δ-Na2CO3 (commensurately modulated, lock-in phase, 
monoclinic; the lowest-temperature phase). In this sequence, the 
highest-temperature hexagonal modification (Fig. 1) undergoes 
a monoclinic distortion that is accompanied by a change in the 
second coordination sphere of C from coordination number 
(CN) = 3 to CN = 7 (Arakcheeva and Chapuis 2005). The in-
commensurately modulated structure of γ-Na2CO3 at 295 K was 
solved by van Aalst et al. (1976) and later refined with higher 
accuracy using X-ray single-crystal diffraction data [Dušek et 
al. 2003: C2/m(α0γ)0s; a = 8.920(7), b = 5.245(5), c = 6.050(5) 
Å, β = 101.35(8)°, q = 0.182(1)a* + 0.322(1)c*]. Dušek et al. 
(2003) also solved the commensurately modulated structure of 

the δ phase at 110 K [C2/m(α0γ)0s; a = 8.898(7), b = 5.237(5), 
c = 5.996(5) Å, β = 101.87(8)°, q = 1/6a* + 1/3c*], and they 
reported the γ → δ transition at 170 K, which is higher than 
the value of 130 K obtained earlier by de Pater and Helmholdt 
(1979) on the basis of neutron diffraction experiments. Satellite 
reflections pointing to an incommensurately modulated structure 
were also observed during the single-crystal investigation of 
natrite from Khibiny at 295 K (Zubkova et al. 2002). However, 
the satellites were not measured, and the authors refined only 
the average structure of this mineral sample. Therefore, the 
crystal structure of the mineral natrite is still lacking a complete 
characterization.

The main aim of the present work is to characterize the incom-
mensurately modulated structure of natrite at room temperature, 
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FiGure 1. Structure of the hexagonal highest-temperature 
modification of Na2CO3.


