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AbstrAct

The solubility and solution mechanisms of nitrogen in silicate melts have been examined via nitrogen 
analyses and vibrational spectroscopy (Raman and FTIR). Pressure (P), temperature (T), hydrogen 
fugacity (fH2), and silicate melt composition (degree of melt polymerization) were independent vari-
ables in experiments in the 1–2.5 GPa pressure and 1300–1500 °C temperature ranges. The fH2 was 
controlled at values defined by the magnetite-hematite (MH), Mn3O4-MnO (MM), NiO-Ni (NNO), 
magnetite-wustite (MW), and iron-wustite (IW) buffers together with H2O.

The nitrogen solubility ranges from about 1 to about 5 mol%, calculated as N, with ∂XN/∂P > 0 and 
∂XN/∂fH2 > 0. The ∂/∂fH2(∂XN/∂P) is also positive. Raman and FTIR spectroscopic data are consistent 
with solution mechanisms that involve reduction of nitrogen with increasing fH2. At low fH2 [fH2(MH) 
and fH2(MM)], nitrogen is dissolved in melts only as molecular N2. At fH2(NNO) and fH2(MW), there is 
partial reduction of nitrogen to form N2, NH2

+ complexes and molecular NH3 in the melts, whereas at 
the highest fH2(IW), only molecular NH3 and NH–

2 groups can be identified. OH groups are also formed 
whenever there is reduction of nitrogen from N2. Solution in silicate melts of reduced, NH-bearing 
species results in silicate melt depolymerization. At fH2(NNO) and fH2(MW), depolymerization occurs 
via H+ interaction with oxygen and NH2

+ groups serving as network-modifier. Under more reducing 
conditions, oxygen is replaced by NH2

– groups. Solution of reduced nitrogen in silicate melts causes 
depolymerization of their structure. This implies that melt properties that depend on silicate structure 
depend on redox conditions.
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introduction

Characterization of the processes that govern the budget 
and behavior of volatiles in the Earth’s interior is necessary to 
characterize the formation and evolution of the solid Earth, its 
oceans, and atmosphere (e.g., Eggler and Baker 1982; Jambon 
1994; Holloway 1998; Kadik et al. 2004; Tolstikhin and Marty 
1998; Deines 2002; Cartigny and Ader 2003). Melting and crys-
tallization in the presence of volatiles (H2O, CO2, CO, CH4, N2, 
NH3, noble gases, etc.) is central to this understanding. Experi-
mental characterization of solubility and solution mechanisms 
of volatiles in magmatic liquids (silicate melts) is a necessary 
component of this knowledge base. 

Solubility and solution mechanisms of volatiles in silicate 
melts depend on pressure, temperature, composition, and redox 
conditions (oxygen and hydrogen fugacity). Redox conditions 
are particularly relevant for NOH volatiles because nitrogen can 
exist in several oxidation states within the oxygen fugacity (fO2) 

range of the present silicate Earth. Moreover, the redox condi-
tions have changed over the Earth’s history. For example, the 
equilibria governing fO2 of an extensively molten Earth during 
its core-forming stage most likely was near or perhaps down to 
about 2–3 orders of magnitude below that of the iron-wüstite 
(IW) equilibrium (e.g., O’Neill 1991; Righter et al. 1997; O’Neill 
et al. 1998; Righter and Drake 1999; Gessmann and Rubie 2000; 
Chabot and Agee 2003). Subsequent to core separation, a process 
conservatively considered to require perhaps 50 million years 
or so (e.g., Lee and Halliday 1996; Halliday 2001), the oxygen 
fugacity of the silicate mantle would be expected to shift toward 
present levels as also suggested by fO2 values derived from silicate 
equilibria among Fe-bearing minerals in mantle xenoliths dating 
almost as far back as 4 b.y. (within 1–2 orders of magnitude of the 
quartz-fayalite-magnetite, QFM, buffer, e.g., Mattioli and Wood 
1986; O’Neill 1991; Canil 2002; McCammon 2005). 

Experimental nitrogen solubility data obtained under con-
trolled redox conditions have been reported only under ambient 
pressure conditions (e.g., Mulfinger 1966; Libourel et al. 2003; 
Miyazaki et al. 2004). High-pressure experimental data, which 
are needed to characterize properties of silicate melts, minerals, 
and NOH fluids in the Earth’s interior, have been conducted only 
under oxidizing conditions and without independently controlled 
oxygen or hydrogen fugacity (e.g., Miyazaki et al. 2004; Roskosz 
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