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Introduction: Merrillite and apatite are most important phosphate minerals in meteorites [1]. In the shock-melt 

veins of the heavily shocked chondrite and martian meteorites, apatite is often transformed to high-pressure polymorph 

tuite [2, 3], stable in static high-pressure experiments at pressures above 12 GPa [4]. Surprizingly, merrillite is also 

transformed to tuite-structured phase according to Raman spectroscopy and synchrotron X-ray diffraction [5, 6]. How-

ever, compositions of merrillite and apatite are different and no synthetic high-pressure phase of merrillite composition 

was obtained. In this work, we provide data on the synthesis of merrillite and some other Na-bearing phosphates at 

15-20 GPa and show their relevance to high-pressure phosphates in meteorites. 

Methods: Starting merrillite Ca9NaMg(PO4)7 was synthesized from a mixture of phosphates in the experiment at 

1 atm and 1450 °C for 3 hours. This merrillite, as well as a mixture of phosphates with the addition of Na-carbonate 

flux, was studied at pressures of 6, 15 and 20 GPa and 1400-1600 °C using multianvil technique at GRC, Ehime 

University. 

Results and discussion: Examination of the ob-

tained samples using Raman spectroscopy show that, at 

15 and 20 GPa, merrillite has a spectrum similar to tuite 

(Fig.1), which is consistent with observations in chon-

drite and iron meteorites [5, 6]. Most likely, these phases 

are isostructural, and Mg and Na play the role of impu-

rities in the Ca3(PO4)2 tuite. Unfortunately, in these ex-

periments, it was not possible to obtain large crystals of 

the high-pressure phase of merrillite. An additional 

phase in the experiments was phosphate with the com-

position of buchwaldite Na(Ca0.75Mg0.25)PO4. The Ra-

man spectrum of this phosphate differs from the spec-

trum of buchwaldite at 1 atm and has poor quality. In 

runs with a mixture of phosphates and carbonate flux at 

15 and 20 GPa, merrillite did not crystallize. The prod-

ucts of the experiments were tuite and Na-phosphate 

with composition corresponding  to brianite 

Na2MgCa(PO4)2 (Fig.1). The Raman spectrum of this 

phase at 15 and 20 GPa correspond to brianite at 1 atm 

and 6 GPa, which indicates its strong stability at high 

pressures at least up to 20 GPa.  

The solvent in the form of alkaline carbonatite melt 

was not formed since all Na was bound to phosphates. 

The carbonate phase was represented by magnesite. As a result of the experiments, it was found that the Na-carbonate 

melt is not a reasonable flux for the crystallization of high-pressure phosphates. Perhaps an appropriate solvent is 

potassium carbonate, which is planned to be used in subsequent experiments. 
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Fig.1. Raman spectra of synthesized merrillite and brianite 

at high-pressures. 
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