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Eyring diffusivity

The melt viscosity of AND1 was calculated using the model
of Giordano et al. (2008) for non-Arrhenian multicomponent
silicate melts which is based on the Vogel-Fulcher-Tammann
(VFT) equation (Vogel, 1921; Fulcher, 1925; Tammann and
Hesse, 1926):

logn=A+ [B/(T-C)] (Eq. A1)
where 1 is the viscosity of the melt in Pa s; 4, B, and C are ad-
justable parameters (see Giordano et al., 2008, for details); and
T is the temperature in K. The predicted viscosity obtained for
ANDI1 is 2.19 Pa s at 1698 K (i.c., at the temperature of the N
diffusion experiments, 1425°C).

The Eyring diffusivity is compared to nitride diffusion in
AND1 melt in Figure A2. The diffusivity of network formers
(Si, Al) and O* at 1698 K (i.e., 1425 °C) is ~3.6 x 107 cm? s/,
whereas the diffusion coefficient for nitride is on the order of
53+ 1.5 x 108 cm? s! (Fig. A2).

Carbon and water content of sample AND1

CO, and H,0 concentrations along profile A in sample AND1
(1 atm, 1425 °C, 3 h, IW —8) were measured using the Cameca
IMS-1270 E7 ion microprobe at the Centre de Recherches Pé-
trographiques et Géochimiques (Nancy, France). A Cs" primary
beam was used with a current of 0.5 nA accelerated at 10 kV and
araster of 5x5 pm. Standards and samples were pre-sputtered for
180 s over an area of 10x10 um with a primary beam current of
2 nA to remove any traces of contaminant carbon and hydrogen
from the surface. For analyses, the beam was focused to a spot
of 5to 10 um diameter. The >C-, ®*O'H~, '*O~, and *'Si- signals
were collected in peak-jumping mode on an electron multiplier
for 10 cycles. We used a mass resolution (m/Am) of 7000 to
separate masses 'O~ and '®O'H~. Concentrations were obtained
using a set of natural basaltic glass standards with known CO,
and H,O contents as calibrants (Moussalam et al., 2019). The
major element composition of these standards is comparable to
that of AND1 (e.g., SiO, ~ 50 wt.%; see Moussalam et al., 2019
for more information on the standards). Based on the reproduc-
ibility of the count rates over 10 cycles and the standard signals,
maximum uncertainties on the carbon and water contents are
12% and 24%, respectively.

Along profile A, from the surface of the glass cylinder towards
the center, measured carbon (equivalent CO,) concentrations
range from 465 + 49 to 172 + 15 ppm (Fig. A3). The plateau
with concentrations of ~200 ppm CO, at ~500-2100 pm depth
may be due to the dissolution of carbon into the melt during
incremental filling of the compacted graphite tube with the
starting material prior to the diffusion experiments. The second
plateau (i.e., 400-500 ppm equivalent CO,), close to the gas-melt
interface, was likely formed during the diffusion experiment
at fO, =IW -8, T = 1425°C, and using a CO-N, gas mixture,
as a result of inward diffusion of carbon. Experiments at high
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FiGUure Al: N content of the glass ANDI (1 atm, 1425 °C, 3 h, IW
—8) at three different locations along the gas-melt interface. The picture
on the right shows the ANDI glass in the compacted graphite crucible
(the dashed white line delimits the contact between the compacted
graphite and the glass).
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FIGURE A2: Comparison of the N*- diffusivity obtained for ANDI
(blue star) at 1698 K (1425°C) with the Eyring diffusivity for basaltic
andesite melts (see text for details on the calculation).

pressure and under reducing conditions indicate that carbon
can be present in the form of various species in silicate melts
(e.g., C-N, C*, C-0, and/or C-H; Dalou et al., 2019; Grewal et
al., 2020). However, the C-N vibration band was not observed
by Raman spectroscopy in N-rich MO2 glass (6002 + 91 ppm),
synthesized and equilibrated under similar conditions as AND1
(Boulliung et al., 2020).

The presence of 531 + 52 to 217 + 51 ppm equivalent H,O
in the quenched glass (Fig. A3) indicates that conditions were
not completely anhydrous during the diffusion experiments
and/or during the melt synthesis, suggesting that hydrogen may
form C-H and/or N-H complexes. However, under these highly
reduced conditions, N-H complexes are expected to represent
a minor N-bearing species (Grewal et al., 2020), and no N-H
vibration bands were detected by Raman spectroscopy in the
N-rich MO2 glass (6002 + 91 ppm) (Boulliung et al., 2020).
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FI1GURE A3: H,0, CO,, and N content as a function of depth along
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