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aBstract

Here, we report the first occurrence of two (Ca-Y)-phosphate phases in apatite crystals from ancient 
rocks from both the Barberton greenstone belt and the Pilbara Craton. First, a cubic Ca3Y(PO4)3 phase 
was observed in a sample of silicified tuff from the Mendon Formation from the Barberton greenstone 
belt. A second phase, corresponding to a synthetic compound with the formula CaYP7O20, was observed 
in a sample of black banded chert from the Hooggenoeg Formation of the Onverwacht Group and in a 
sample of chert from the Strelley Pool Chert Formation (East Pilbara Terrane). Based on the presence 
of these phosphates and specific textures revealed by transmission electron microscopy, we argue for 
the importance of dissolution-reprecipitation processes in the formation of these phosphate phases. 
Temperature was likely not the primary parameter controlling the crystallization of the Ca3Y(PO4)3 and 
CaYP7O20 phases. Instead, the REE-F complexes in an H2O solution and the specific budget of REEs 
and Y in apatite were likely responsible for the nucleation and formation of the (Ca-Y)-phosphate 
phases in the Archean rocks of the Barberton greenstone belt and Pilbara Craton.
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introduction

More than 200 species of phosphate minerals are known to 
exist in nature, and these minerals include apatite (e.g., Hughes 
and Rakovan 2002), monazite, and xenotime (e.g., Ni et al. 1995). 
Here, we report the first occurrence of two (Ca-Y)-phosphate 
phases in apatite crystals from the ancient rocks of both the 
Barberton Greenstone Belt and the Pilbara Craton. First, a cubic 
Ca3Y(PO4)3 phase was observed in a sample of silicified tuff 
from the Mendon Formation dated at 3.298 Ga (Knauth and 
Lowe 2003). This high-temperature phase was first described 
as a synthetic material by Fukuda et al. (2006). Ca3Y(PO4)3 is 
isostructural with eulytite [Bi4(SiO4)3] and is cubic (space group 
I43d) with a = 0.983320(5) nm, V = 0.950790(8) nm3, Z = 4, 
and Dx = 3.45 g/cm3. Data on the synthesis and the stability of 
synthetic Ca3Y(PO4)3 suggest that the crystallization of this phase 
begins at temperatures above 1215 °C at atmospheric pressure 
(Fukuda et al. 2006; Matraszek and Radomińska 2014). The 
second phase examined in this study has an empirical formula 
of (Ca0.726Y0.274)(Ca0.274Y0.726)P7O20, ideally CaYP7O20, and was 
observed in a sample of black-banded chert from the Hooggenoeg 
Formation of the Onverwacht Group dated at 3.445 Ga (Knauth 
and Lowe 2003) and in a sample of chert from the Strelley Pool 
Chert Formation (East Pilbara Terrane) dated at 3.43 Ga (van 

Kranendonk et al. 2008). This ultraphosphate is a member of a 
group of chemical compounds that are characterized by ultra-
phosphate anions with the general formula [P(n+2)O(3n+5)]n–. Anions 
are known for n = 2, 3, 4, 5, and 6, yet only as experimental run 
products. According to our knowledge, no ultraphosphate was 
reported in natural samples. The properties of ultraphosphate are 
best known for minerals with the general formula (P5O14)3–, e.g., 
YP5O14, NdP5O14, and LuP5O14 (e.g., Mbarek et al. 2009). Cal-
cium and yttrium ultraphosphate crystallizes in the monoclinic 
system (space group C2/c), with the following cell parameters: 
a = 24.666, b = 6.850, c = 10.698 Å, and β = 107.40° (Hamady 
and Jouini 1994). The phase was obtained artificially by reacting 
a mixture of CaCO3, Y2O3, and NH4H2PO4 (with Ca:Y:P propor-
tions of 1:2:17) at 450 °C for 12 h (Hamady and Jouini 1994). 
Both phases, Ca3Y(PO4)3 and CaYP7O20, were identified and 
characterized using transmission electron microscopy (TEM).

GEoloGical sEttinG

The Barberton greenstone belt (BGB) is located in the 
Kaapvaal Craton of South Africa. It comprises one of the best 
preserved and oldest supracrustal successions (3.55–3.22 Ga) 
(Kröner et al. 1991). The BGB is subdivided into three strati-
graphic units (the Onverwacht, Fig Tree, and Moodies groups) 
and consists of a sequence of mafic to ultramafic lavas and 
metasedimentary rocks metamorphosed under greenschist-facies 
conditions (Tice et al. 2004). Locally, close to the contact with 
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