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Abstract
The ammonium analogues of the high-pressure potassium-bearing silicate phases K-hollandite,
K-Si-wadeite, K-cymrite, and phengite were synthesized in the system (NH4)2O(-MgO)-Al2O3-SiO2H2O [N(M)ASH] using multi-anvil and piston-cylinder equipment. Syntheses included NH4-hollandite
(NH4AlSi3O8) at 12.3 GPa, 700 °C; NH4-Si-wadeite [(NH4)2Si4O9] at 10 GPa, 700 °C; NH4-cymrite
(NH4AlSi3O8⋅H2O) at 7.8 GPa, 800 °C; and NH4-phengite [NH4(Mg0.5Al1.5)(Al0.5Si3.5)O10(OH)2] at 4
GPa, 700 °C. Run products were characterized by SEM, FTIR, and powder XRD with Rietveld refinements. Cell parameters of the new NH4 end-members are: a = 9.4234(9) Å, c = 2.7244(3) Å, V =
241.93(5) Å3 (NH4-hollandite); a = 6.726(1) Å, c = 9.502(3) Å, V = 372.3(1) Å3 (NH4-Si-wadeite); a
= 5.3595(3) Å, c = 7.835(1) Å, V = 194.93(5) Å3 (NH4-cymrite). NH4-phengite consisted of a mixture
of 1M, 2M1, 2M2, 3T, and 2Or polytypes. The most abundant polytype, 2M1, has cell dimensions a =
5.2195(9) Å, b = 9.049(3) Å, c = 20.414(8) Å, β = 95.65(3)°, V = 959.5(5) Å3. All unit-cell volumes
are enlarged in comparison to the potassium analogues. Substitution of NH4 for K does not cause
changes in space group. NH4 incorporation was confirmed by the appearance of NH4-vibration modes
ν4 and ν3 occurring in the ranges of 1397–1459 and 3223–3333 cm–1, respectively.
Ammonium in eclogite facies metasediments is mainly bound in micas and concentrations may
reach up to a few thousand parts per million. It can be stored to greater depths in high-pressure potassium silicates during ongoing subduction. This possibly provides an important mechanism for nitrogen
and hydrogen transport into the deeper mantle.
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Introduction
There is general agreement that nitrogen has been discharging
for a long time from the Earth’s mantle to the atmosphere through
volcanic and hydrothermal activities (e.g., Javoy et al. 1986;
Marty 1995; Sano et al. 2001). It is, however, controversially
debated if a substantial amount of nitrogen is recycled during
subduction processes. The discussion carried out in a series of
recent papers mainly relies on the interpretation of the amount of
molecular nitrogen and nitrogen isotope ratios measured in diamonds, mantle xenoliths, basalts, volcanic gases, hydrothermal
fluids, and the atmosphere, and on the question whether different
nitrogen reservoirs in the mantle existed that may have been produced by input of isotopically different nitrogen from subducted
sediments (e.g., Mohapatra and Murty 2000; Pinti et al. 2001;
Fischer et al. 2002; Busigny et al. 2003; Cartigny and Ader 2003;
Marty and Dauphas 2003a, 2003b; Mather et al. 2004; Fischer et
al. 2005; Pitcairn et al. 2005; Thomassot et al. 2007).
Nitrogen in sediments has an organic origin. Under anoxic
conditions at about 150 °C amino acids decompose to NH4,
which is incorporated into clay minerals, micas, and feldspars,
substituting for K in small but significant amounts (Williams et
al. 1992). It has been shown that during progressive contact and
Barrovian-type metamorphism NH4 is continuously released, so
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that in high-grade rocks less than 10% of the original nitrogen
remains (Bebout and Fogel 1992; Bebout et al. 1999; Sadofsky
and Bebout 2000; Mingram and Bräuer 2001; Pöter et al. 2004;
Pitcairn et al. 2005). By contrast, Busigny et al. (2003) showed
that in high-pressure low-temperature metapelites and metabasites from the Western Alps the entire nitrogen content, up to
1600 ppm mainly bound as NH4 in micas, remains in the rock
up to at least 3 GPa. It would appear that there is no information
about the fate of nitrogen in subducting slabs beyond that, and
we do not know if and how nitrogen could be transported into
the deeper mantle.
NH4+ has an ionic radius similar to Rb+ (Shannon 1976) and
replaces K+ in silicates. One may reasonably assume that under
slab conditions NH4 persists in rocks as long as K-feldspar and
high-pressure micas remain stable. In a status report on the
stability of K-phases at mantle conditions, Harlow and Davies
(2004) documented several K-bearing silicates that may form
at higher pressure, mainly based on a summary of experimental
results. In a wet system, K-feldspar may be replaced by Kcymrite (KIVAlIVSi3O8⋅H2O) above about 2.5 GPa (Fasshauer et
al. 1997; Fig. 1). K-cymrite is stable up to about 9 GPa, where it
decomposes to K-hollandite (KVIAlVlSi3O8) and fluid (Thompson
et al. 1998). In a dry system, K-feldspar reacts to K-Si-wadeite
(K2VISiIVSi3O9), (also termed Si-wadeite; Harlow and Davies
2004; Yong et al. 2008) + kyanite + coesite above 5 to 6.5 GPa,
400 to 1000 °C (Yagi et al. 1994; Urakawa et al. 1994). At pres-

