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Abstract
Waipouaite, Ca3(V4+

4.5V5+
0.5)O9[(Si2O5(OH)2][Si3O7.5(OH)1.5]·11H2O, is a new mineral from the Aranga 

Quarry, Northland Region, New Zealand. It occurs in basalt as overgrowths on thompsonite-Ca and 
chabazite-Ca and as inclusions within calcite and okenite. It forms dark olive green to almost black 
prismatic crystals to 0.3 mm in length. Crystals are transparent to translucent with a vitreous luster. 
The Mohs hardness is ~2, and the measured density is 2.24(2) g/cm3. The new mineral is biaxial (+), 
with α = 1.620(5), β = 1.622(5), γ = 1.628(5) (white light). The calculated 2V is 60.2°. Dispersion 
could not be observed. The optical orientation is Z = b. Pleochroism is X blue-green, Y olive green, 
Z olive; X > Y >> Z. Electron microprobe analyses gave the empirical formula (based on 36 O apfu) 
(Ca2.90Na0.05K0.04Sr0.01)Σ3.00(V4+

4.60V5+
0.44)Σ5.04(Si4.97Al0.02)Σ4.99O21.45OH3.55·H2O11.00.

Waipouaite is monoclinic, P21/c, a = 12.843(3), b = 23.589(5), c = 11.560(2) Å, β = 115.54(3)°, V 
= 3160.0(13) Å3, and Z = 4. The eight strongest reflections in the X-ray powder diffraction pattern are 
[dobs in Å (I) (hkl)]: 11.78 (100) (020, 100), 9.54 (16) (011), 7.85 (19) (021), 6.29 (32) (031), 5.92 (31) 
(040), 5.22 (21) (122), 3.140 (18) (333), 2.850 (17) (180, 242). The crystal structure was refined using 
synchrotron single-crystal X-ray data to R1 = 6.85% for 6594 reflections with I>2σI. Waipouaite is the 
first natural polyoxovanadosilicate and has a novel structure based on [(V4+,V5+)5O17] polyoxovana-
date units, which are unique in natural and synthetic phases. Synthesis of polyoxovanadosilicates has 
proved to be a great challenge, and the discovery of waipouaite demonstrates that these compounds 
can form under natural conditions.
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Introduction
The Aranga Quarry, Aranga, Kaipara District, Northland 

Region, New Zealand, has been a source of specimens of the 
zeolite minerals chabazite-Ca, cowlesite, gismondine-Ca, and 
thomsonite-Ca (Courtney 1994) and associated minerals such as 
aragonite, calcite, apophyllite and okenite for many years. The 
presence of minerals containing vanadium was first noted in the 
early 2000s when specimens of the Ca-V-silicate mineral cavansite 
were collected. Subsequently, the color of the pale green globular 
thomsonite-Ca from the locality was found to be due to the presence 
of minor vanadium (up to 0.24 wt%) (Graham et al. 2018). Waip-
ouaite was first observed in 2017 on specimens collected in 2008 
containing thompsonite-Ca, chabazite-Ca, calcite, and okenite. It 
has since been found on specimens collected as long ago as 2000. 
Waipouaite is the 14th new mineral discovered in New Zealand.

Waipouaite is the first mineral structure to contain [V5O17] 
polyoxovanadate units. Polyoxovanadates (POVs) are a subclass of 
a larger family of polyoxometalates (POMs), metal-oxygen cluster 
compounds, which have unique structural and electronic proper-
ties that have proven to have a remarkable array of technological 
and biochemical uses (Aureliano 2011; Cronin and Müller 2012; 
Song and Tsunashima 2012; Hutin et al. 2013). Polyoxometalates 

are the subject of active and extensive research, and many hun-
dreds of papers are published annually in the chemistry literature. 
There are, however, very few known POM minerals. A review 
of polyoxometalate clusters in minerals by Krivovichev (2020) 
identified 42 different POM mineral species, of which 26 are poly-
oxovanadates. It was noted that the topological diversity of POM 
clusters in minerals is rather restricted compared to the multitude 
of moieties reported for synthetic compounds; 15 different types 
of POM nanoscale-size clusters were identified. The most produc-
tive region for naturally occurring polyoxometalate compounds 
has been the post-mining secondary mineral assemblages in the 
uranium-vanadium deposits of the Uravan Mineral Belt in the 
western U.S.A. (e.g., Kampf et al. 2022).

The name waipouaite is for the Waipoua Basalt, the host rock 
for the mineral. Waipouaite has been approved by the Commission 
on New Minerals, Nomenclature and Classification of the Interna-
tional Mineralogical Association (IMA 2019-095). The holotype 
specimen is deposited in the collections of the South Australian 
Museum, Adelaide, South Australia (Registration number G34802).

Occurrence
Waipouaite was collected from the Aranga Quarry, Aranga, 

Kaipara District, Northland Region, New Zealand. The host rocks 
are basalts and basaltic andesites of the miocenic Waipoua Basalt 
Formation (Hayward 1975; Wright 1980). The quarry is located on 
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