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abstract

The crystal chemistry of londonite, a rare Cs-bearing mineral [ideal chemical formula: (Cs,K)
Al4Be4(B,Be)12O28; a = 7.3098(2) Å at 300 K, space group P43m] from the granitic pegmatites of 
the Antsongombato Gem Mine, Betafo district, Madagascar, has been reinvestigated by means of 
wavelength dispersive X-ray spectroscopy, laser ablation-inductively coupled plasma-mass spec-
troscopy, inductively coupled plasma-atomic emission spectroscopy, X-ray powder diffraction, and 
single-crystal neutron diffraction at 300 and 20 K. Single-crystal anisotropic structural refinement 
at 300 K gave a final agreement index R1 = 0.0479 for 32 refined parameters and 416 unique reflec-
tions with Fo > 4σ(Fo). The analysis of the difference-Fourier maps of the nuclear density discounts 
the presence of hydroxyl groups, as wrongly reported in some of the previous studies. The structural 
refinements and the chemical analyses suggested that: the tetrahedral 4e site (at x ~ 0.258) is mainly 
occupied by Be, but a low amount of B (~3%) likely occurs; the tetrahedral 12h site (at x ~ 0.248) is 
mainly occupied by B, but a significant fraction of Be (~12%) is present; the octahedral 4e site (at x 
~ 0.361) is fully occupied by Al; and the 1a site (at x = 0, with CN = 12) is mainly occupied by Cs, 
with Rb and K. The significantly high amount of B2O3 (~50 wt%) and Cs+Rb(CsO2+RbO2 ≥ 8 wt%) 
makes the synthetic counterpart of londonite of interest as a potential neutron absorber or a potential 
host for nuclear waste. 
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introDuction

Londonite is a rare Cs-bearing mineral with ideal chemical 
formula (Cs,K)Al4Be4(B,Be)12O28 (with Cs > K, Simmons et 
al. 2001). The K-dominant analog is rhodizite. Londonite and 
rhodizite have been found in lithium-cesium-tantalum (LCT) 
granitic pegmatites in a few localities worldwide (Simmons et 
al. 2001). Whereas rhodizite was described for the first time 
by Rose in 1834, londonite has only been recently approved 
by the Committee on New Minerals and Mineral Names of the 
International Mineralogical Association (IMA number 1999-014) 
(Simmons et al. 2001). This mineral is extremely rare. It has been 
found only at three pegmatite mines in Madagascar. Laurs et al. 
(2002) reported that gem-quality rhodizite-londonite crystals are 
known only from the Antsongombato pegmatite in the Betafo 
region, Madagascar. 

The crystal chemistry and crystal structure of rhodizite have 
been the subjects of several investigations. However, the real 
chemical composition of rhodizite has been a matter of debate for 
about a century. Duparc et al. (1911) reported the formula of rho-
dizite as (Li,K,Cs,Rb,Na,H)4Al6Be7B14O39. Later, Lacroix (1922) 
suggested a different formula: (Cs,Rb,K,Na,H)8Al6Be4B12O35. 
Strunz (1938) described rhodizite as an anhydrous mineral, with 
chemical formula: NaKLi4Al4Be3B10O27. More recently, Fron-

del and Ito (1965) provided the chemical analysis of a Cs-rich 
rhodizite from Manjaka, Madagascar, and reported the formula: 
(Cs,K)Al4Be4B11O25(OH)4. New insight into the crystal chemistry 
of rhodizite came from the experiment of Taxer and Buerger 
(1967), who finally solved and refined the crystal structure of 
the rhodizite from Manjaka by single-crystal X-ray diffraction 
and provided the anhydrous chemical formula: CsAl4Be4B12O28. 
However, such a formula appeared to be unbalanced, requir-
ing a neutral Cs atom. Further experiments by Donnay et al. 
(1966, 1967) based on electron-spin-resonance spectroscopy 
showed the cationic nature of Cs, and the authors suggested the 
hydrous formula CsAl4Be4B11O26(OH)2. Only more recently, 
Pring et al. (1986) reinvestigated the crystal chemistry and the 
crystal structure of a K-dominant rhodizite from Ambatofinan-
drahana, Madagascar, by high-resolution electron microscopy 
(HREM), magic-angle-spinning nuclear magnetic resonance 
(MAS-NMR), atomic absorption spectrophotometry, induc-
tively coupled plasma emission spectrometry, CHN-elemental 
analysis, and a structure refinement by single-crystal X-ray 
diffraction. The formula reported by Pring et al. (1986) was:  
(K0.46Cs0.36Rb0.06Na0.02)Σ0.90Al3.99Be4(B11.35Be0.55Li0.02)Σ11.92O28. No 
evidence of molecular water or hydroxyl groups have been found. 
The crystal structure of rhodinzite was refined on the basis of 
the structure model previously reported by Taxer and Buerger 
(1967), with a = 7.318(1) Å and space group P43m. The build-
ing block units of the structure of rhodizite are represented by * E-mail: diego.gatta@unimi.it


