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Abstract
The dynamic properties and melting behavior of the Earth’s mantle are strongly influenced by the 

presence of volatile species, including water, carbon dioxide, and halogens. The role that halogens play 
in the mantle has not yet been fully quantified: their presence in only small quantities has dramatic effects 
on the stability of mantle minerals, melting temperatures, and in generating halogen-rich melts such as 
lamproites. Lamproites are volumetrically small volcanic deposits but are found on every continent on 
the planet: they are thought to be melts generated from volatile-rich mantle sources rich in fluorine and 
water. To clarify the mantle sources of lamproites, we present experimentally determined mineral/melt 
partition coefficients for fluorine and barium between phlogopite and lamproite melts. Both fluorine and 
barium are compatible in phlogopite [DF

(Phl/Melt)0.96 ± 0.02 – 3.44 ± 0.33, DBa
(Phl/Melt)0.52 ± 0.05 – 3.68 ± 0.43] 

at a range of pressures (5–30 kbar), temperatures (1000–1200 °C), and fluid compositions (C-O-H mix-
tures). Using our partition coefficients, we model the melt compositions produced by potential lamproite 
sources, including phlogopite garnet lherzolite, phlogopite harzburgite, and hydrous pyroxenite. The 
results demonstrate that hydrous pyroxenites and phlogopite garnet lherzolite can produce melts with F 
and Ba contents similar to lamproites, but only hydrous pyroxenites fully reproduce other geochemical 
characteristics of lamproites including high K2O, low CaO contents, and high F/H2O ratios.
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Introduction
The Earth’s mantle is a reservoir for highly incompatible and 

volatile elements, including hydrogen, carbon, halogens, and 
barium (Bell and Rossman 1992; Karato 2011; Klemme and 
Stalder 2018; Koga and Rose-Koga 2018). The role and impor-
tance of H2O and CO2 in the mantle have been of interest for many 
decades, with direct observations supplied by investigations of 
mantle xenoliths (e.g., Carswell and Dawson 1970; Dawson 1971; 
Richardson et al. 1985; Safonov et al. 2019; Tollan et al. 2015; 
Waters 1987). More recently, extensive experimental studies have 
explored the role and effects of H2O and CO2 in the mantle and 
during melting (Dasgupta et al. 2013; Dasgupta and Hirschmann 
2010, 2006; Foley et al. 2009; Green 2015, 1990; Green et al. 
2014, 2010; Kovács et al. 2012; Pintér et al. 2021). Despite the 
growing interest in volatile elements, halogens have received 
less attention even though their presence in small concentrations 
has profound effects on solidus temperatures (Brey et al. 2009), 
the stability of minerals (Foley 1991), and potential deep mantle 
storage of halogens (Grützner et al. 2017; Roberge et al. 2015).

The common halogens (F, Cl, I, and Br) and barium are consid-
ered to be moderately to highly incompatible in most anhydrous 
silicate minerals (Fabbrizio et al. 2013; Joachim et al. 2017), 
whereas F is compatible in apatite, phlogopite, amphibole, and 
titanates (Chevychelov et al. 2008; Edgar and Arima 1985; Edgar 
and Charbonneau 1991; Edgar and Pizzolato 1995; Flemetakis et 
al. 2021; Li et al. 2018; Vukadinovic and Edgar 1993). All of these 

may occur as accessory minerals in mantle peridotites (Grégoire 
et al. 2002; Kelley and Wartho 2000) and as more common 
minerals in some pyroxenites (Fitzpayne et al. 2018a; Sweeney 
et al. 1993; Waters 1987). These halogen-bearing minerals are the 
principal reservoirs of fluorine in the upper mantle, and apatite and 
phlogopite may additionally accommodate several weight percent 
of barium in their structures (Shaw and Penczak 1996; Solovova 
et al. 2009; Wendlandt 1977).

Fluorine concentrations in continental mantle-derived melts 
are overwhelmingly influenced by the halogen-bearing miner-
als, and it has been demonstrated that F content increases with 
increasing melt alkalinity (Edgar et al. 1996), with ultrapotassic 
melts considered to have the highest F contents of known primary 
mantle melts (Edgar et al. 1996; Foley et al. 1987).

The causes of F and Ba enrichments in lamproites have been 
the subject of many scientific studies but have proven challeng-
ing to identify (Edgar et al. 1996, 1992; Edgar and Vukadinovic 
1993; Foley 1992, 1993, 1990a, 1990b, 1989a, 1989b; Foley et al. 
1987, 1986; Fritschle et al. 2013; Mitchell 2021, 1995; Mitchell 
and Bergman 1991; Murphy et al. 2002; Tappe et al. 2008; Vu-
kadinovic and Edgar 1993). While a complete consensus on the 
source of lamproites has not been reached, there is some agreement 
that phlogopite, amphibole, apatite, and titanates are likely to play 
important roles in generating parental melts of lamproites (Edgar 
and Pizzolato 1995; Edgar and Vukadinovic 1993; Fitzpayne et al. 
2018a; Foley 1992; Konzett et al. 1997; Mitchell 1995; Sweeney 
et al. 1993; Tappe et al. 2008; Vukadinovic and Edgar 1993). Of 
these minerals, phlogopite is often present as a phenocryst phase 
in lamproites, and the coupled behavior of F vs. K2O attests to the 
presence of phlogopite in the source of lamproite melts (Aoki et al. 
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