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Bradleyite, Na3Mg(PO4)(CO3), inclusion in diamond: Structure and significance
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ABSTRACT

Bradleyite, a sodium phosphate-magnesium carbonate, Na3Mg(PO4)(CO3), occurs in sedimentary
salt rocks and in igneous, carbonatitic, and kimberlitic rocks. In this paper, we present the characteristics
of a bradleyite sample found in a new geological environment as an inclusion in a diamond from the
Córigo Sorriso placer deposit in Mato Grosso State, Brazil, where other unusual mineral inclusions in
diamond were earlier identified. Bradleyite is part of a polymineral inclusion, comprising a porous
aggregate of grains <150 nm in size, hosted within a dolomite crystal. The studied bradleyite is char-
acterized by the highest MgO�FeO concentrations and the lowest Na content among bradleyites from
other localities. It demonstrates significant variability in composition, particularly Na (28.75–37.84
mass % Na2O). Nitrogen was also detected by EDS analysis. We report for the first time the ab initio
crystal structure of natural bradleyite. It has monoclinic symmetry, with cell parameters a = 8.684 Å,
b = 6.804 Å, c = 5.074 Å, and β = 90.34°. The structure was solved ab initio and refined using dynam-
ical scattering theory in space group P21/m, confirming the model obtained from powder XRD analysis
of synthetic analogs. The final structure model converged to a formula Na3(Mg0.86Fe0.14)(PO4)(CO3),
Z = 2. Bradleyite is a polygenetic mineral. In continental salt deposits, it forms under atmospheric pres-
sure during sedimentation. In deep-formed igneous rocks, such as kimberlites and carbonatites, bradle-
yite occurs as a product of late-stage crystallization of carbonatitic melt and as a primary-crystallized
phase in deep-seated minerals, such as olivine, ilmenite, chrome spinel, and magnetite. Our findings
demonstrate its stability in diamond and diamond-forming environments and that it may be considered a
product of crystallization from a primary melt inclusion.
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INTRODUCTION

Bradleyite is a rare sodium phosphate-magnesium carbonate
with the formula Na3Mg(PO4)(CO3). It was discovered in 1941
in thin layers of oil shales in the drill core from the Green River
Formation in Sweetwater County,Wyoming, U.S.A. (Fahey and
Tunell 1941). Subsequently, it has been found in ∼20 localities
worldwide (Table 1).

To date, two genetic types of bradleyite have been distinguished:
sedimentary salt rocks and igneous, carbonatitic, and kimberlitic
rocks. In sedimentary Cenozoic deposits, bradleyite is found in
major salt deposits:North Ingebright Lake, Saskatchewan (Canada),
Beypazan trona deposit, Ankara Province (Turkey), and Tuzla salt
mine (Bosnia and Herzegovina). In carbonatites and kimberlites,
bradleyite is a rare accessory mineral. It was identified in alka-
line-carbonatite massifs of the Kola Peninsula, Gulinskii, Tagna,
and Belaya Zima massifs in Siberia (all in Russia), Mont Saint-
Hilaire alkaline complex in Quebec, and Aley deposit in British
Columbia (both in Canada), and Bailundo and Cibilundo massifs
in Huambo Province (Angola). In kimberlites, bradleyite is known
fromUdachnaya andZapolyarnaya pipes in Siberia,Grib pipe in the
Archangelsk region (all in Russia),MonasteryMine (South Africa),
Koala and Roger pipes in Northwest Territories (Canada), and
Venkatampalle pipe in Andhra Pradesh State (India) (Table 1).

Three other carbonophosphates are known in nature: sidoren-
kite Na3Mn(PO4)(CO3), bonshtedtite Na3Fe(PO4)(CO3), and
crawfordite Na3Sr(PO4)(CO3). They were discovered in the 1980s
and 1990s (Khomyakov 1980; Khomyakov et al. 1983, 1994;
Krivovichev et al. 2013) and form the bradleyite group in
05.BF.10 05 Strunz class and 43.02.01.01(43) Dana class. Bradle-
yite, sidorenkite, and bonshtedtite belong to the monoclinic P21/m
space group symmetry, and crawfordite to the P21 space group.
Kozlov et al. (2021) studied the structural features of natural
bradleyite from the carbonatiticmassifs in theKola Peninsula using
Raman spectroscopy. They attributed the main signals to υ1(P-O)
and υ1(C-O) modes and observed a splitting related to the occur-
rence of isomorphic impurities.

Bradleyite, along with other carbonophosphates Na3M(PO4)
(CO3) (where M =Mg, Mn, Fe, Co, Ni, Cu, Sr), was synthesized
in 2012 (Chen et al. 2012a). Themain reason lies in their promising
application as high-performance and inexpensive electrode materi-
als for Li-ion batteries (e.g., Hautier et al. 2011; Chen et al. 2012b;
Xiang et al. 2024).

The general features of bradleyite crystal structure were stud-
ied in synthetic (Chen et al. 2012b) and natural (Thy Le Tkhy
et al. 1984; Kozlov et al. 2021) samples. The two available struc-
tures (Chen et al. 2012b; Gao et al. 2015) derive from the powder
XRD analysis of its synthetic analog. The ab initio determination
of natural bradleyite structure has not been done since 1941.

In this paper, we present the characteristics of bradleyite
occurring in a new geological environment as an inclusion in
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