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Townendite, Na8ZrSi6O18, a new uranium-bearing lovozerite group mineral from the 
Ilímaussaq alkaline complex, Southern Greenland
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Abstract

Townendite, a new U-bearing mineral belonging to the trigonal lovozerite group has been found in 
the lujavrite layers of nepheline syenites in the Ilímaussaq alkaline complex in Southern Greenland. 
Its composition from electron microprobe analysis is Na6.08Ca0.16Mn0.17Fe0.13Zr0.67Y0.13Sn0.04U0.02Ti0.01Si6 

O16.35(OH)1.65. Townendite has rhombohedral symmetry, R3m, with cell parameters (hexagonal setting) 
a = 10.345(2) Å, c = 13.103(2) Å. The structure has been refined using single-crystal X-ray data to 
R1 = 0.056 for 532 reflections with F > 4σ(F). Lovozerite group minerals are cyclosilicates in which 
Si6(O,OH)18 rings of tetrahedra share corners with isolated MO6 octahedra (M = Zr, Ti, Ca) to form a 
3D framework, with large cations, mainly Na+, located in cavities in the framework. Townendite dif-
fers from other compositionally related lovozerite group minerals in having a high occupancy (92%) 
of another set of octahedrally coordinated sites that share faces with the MO6 octahedra, giving linear 
face-shared trimers parallel to [001]. These sites are occupied predominantly by Na+. Full occupancy 
of all sites corresponds to the ideal composition Na8ZrSi6O18. Townendite is a significant contributor, 
along with steenstrupine-(Ce), to U resources in the Ilímaussaq alkaline complex. 
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Introduction

The Ilímaussaq alkaline complex in Southern Greenland is 
renowned for the chemical and structural diversity of its miner-
als (Sorensen 2001). Complex alkali silicates, phosphates, and 
carbonates containing combinations of the elements Ti, Nb, Zr, 
REE, U, Fe, Mn, and Be are prevalent. At least 220 minerals have 
been found in the complex, which is the type locality for 27 of 
them (Petersen 2001). The complex comprises a mid-Proterozoic 
series of igneous intrusions, dominated by agpaitic nepheline 
syenites that form a layered sequence. The last unit to crystal-
lize is a nepheline syenite known as lujavrite, which contains 
numerous minerals rich in REE, Zr, and Nb, including monazite, 
eudialite, vitusite-(Ce), steenstrupine-(Ce), britholite-(Ce), and 
lueshite (Sorensen 2001; Sorensen and Larsen 2001). 

Steenstrupine-(Ce), Na14Ce6Mn2Fe2(Zr,Th,U)(PO4)7Si12 

O36(OH)2·3H2O, is a classic example of the chemical and struc-
tural complexity of the minerals from the lujavrite layers of 
the complex (Makovicky and Karup-Moller 1981; Moore and 
Shen 1983). It is one of the type locality minerals and was first 
described over 120 years ago by Lorenzen (Lorenzen 1881). It is 
a relatively common mineral in the lujavrite, and its high levels 
of REEs, together with U and Th led to renewed interest in the 
mid-twentieth century as a source of these elements. Based on 
the results of radiographic prospecting, the Kvanefjeld deposit in 
the northern part of the complex was identified as a rich source 
of U-bearing steenstrupine-(Ce). The Danish government con-

ducted extensive drilling and metallurgical tests at the Kvanefjeld 
deposit in the 1960s and 1970s, achieving U recoveries of up 
to ~90% with pressurized carbonate leaching under oxidizing 
conditions (Makovicky et al. 1980).

In 2007, the company Greenland Minerals and Energy Ltd. 
(GME) began a major drilling program into the steenstrupine-
(Ce)-containing lujavrite in the Kvanefjeld deposit. Metallurgi-
cal testwork conducted for GME was focused on upgrading 
steenstrupine-(Ce) by flotation of crushed drill core using a 
phosphate-specific collector. Although this was effective in 
concentrating steenstrupine-(Ce), the low-phosphate flotation 
tails were found to contain a significant fraction of the original 
U content. Electron microprobe mapping of the flotation tails 
located the origin of the U as being contained in small (<100 
µm) grains of a sodium zirconium silicate. The phase contains 
typically 0.4 to 1 wt% UO2, together with 1 to 2 wt% of oxides of 
Fe, Mn, Y, Sn, and Ca. The mineral may be the same as reported 
by Makovicky et al. (1980) from a radiographic, mineralogical, 
and leaching study on U ore from the Kvanefjeld deposit. They 
noted the presence of a metamict mineral in all samples they 
studied with concentrations of >1 wt% U. Their microprobe 
scans showed Na, Si, Zr, Y, and Sn as the main elements, but 
analyses were not reported. They commented that the metamict 
mineral was not as abundant as steenstrupine-(Ce), but they 
suggested that it “may carry a considerable portion of the total 
U-content” (p. 46). 

Several grains of the U-bearing mineral were excavated for 
single-crystal X-ray diffraction studies, but were found to be 
metamict. Eventually, by focusing on the excavation of grains * E-mail: ian.grey@csiro.au


