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1. Experimental and analytical methods

1.1. Starting material

Experiments were performed on two natural com-
positions from historical eruptions of Tenerife (Ca-
nary Islands, Spain): a basanite scoria from the north-
eastern vent of Fasnia volcano [1705 A.D; Albert et al.,
2015] and a phonotephrite from the scoria cone of
Garachico volcano [1706 A.D.; Carracedo and Perez-
Torrado, 2013; Solana, 2012] (Figure 1).

The natural samples were prepared by crush-
ing and milling scoria fragments, which were finely
ground under ethanol using an agate mortar. In order
to obtain homogeneous and nominally anhydrous

∗Corresponding author.

glasses, the resulting powder was held in a Pt crucible
for a two-step fusion (with grounding in between)
at 1400 °C during 4 h in open-air atmosphere and
rapidly quenched in a water container at room tem-
perature. The composition of the starting materials
was analysed by electron microprobe (EPMA, Table
1) to ensure that no significant compositional varia-
tion (i.e., Na or Fe loss toward the crucible) occurred
during the melting process. The resulting glass com-
positions tightly agree (within errors) with X-ray flu-
orescence analysis performed independently on the
samples (Table 1).

Although Garachico rock lies on the basanite-
phonotephrite boundary (Figure 1b) in the total al-
kalis versus silica classification [TAS, Le Bas et al.,
1986], its mineral assemblage corresponds to that of
a phonotephrite from Tenerife [Ablay et al., 1998],
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Supplementary Figure S1. Back-scattered electron images of the scoriae samples, showing (a) a general
view of Garachico phonotephrite with clinopyroxene (Cpx), amphibole (Amp), plagioclase (Pl) and
Fe–Ti magnetite (Ox) microphenocrysts. (b) A general view of Fasnia basanite with olivine (Ol) and
clinopyroxene (Cpx) phenocrysts, plagioclase (Pl) and Fe–Ti magnetite (Ox) microphenocrysts.

with <5 wt.% of clinopyroxene, Ca-rich amphibole
(kaersutite), Fe–Ti magnetite and plagioclase phe-
nocrysts. The same phases plus Fe–Ti oxides and ap-
atite are present as microphenocrysts (<0.15 mm)
in a fine-grained glassy and vesiculated groundmass
(Figure S1a). In comparison, the phenocrysts of Fas-
nia basanite are dominated by olivine, clinopyrox-
ene and Fe–Ti magnetite [13 wt.%; Albert et al.,
2015]. These phases, along with plagioclase, are also
present as microphenocrysts in the glassy vesicu-
lated groundmass of the scoriae (Figure S1b).

1.2. Capsule preparation

H2O-saturated and CO2-saturated charges were pre-
pared separately using 2–2.5 cm long, 2.5 mm inner
diameter and 0.2 mm wall thickness Au80–Pd20 cap-
sules, which minimize iron loss during experiments
under reduced conditions [Di Carlo et al., 2006]. Each
capsule was prepared as follows: one end of the cap-
sule was initially arc-welded and different amounts
of the gas-source materials (H2O or CO2 see below)
were first added into the capsules. For the set of H2O
solubility experiments, 3.5–8 µL of deionized water
was added via a microsyringe, whereas for CO2 sol-
ubility runs, silver oxalate (Ag2C2O4) was used (3–
9 mg): upon heating, this compound decomposes
into metallic silver and pure CO2 gas phase. After
volatiles, glass chips <2 mm were loaded into the
capsules in amounts (typically 60–80 mg) ensuring
that fluid-saturated conditions were always achieved

[e.g., Andújar and Scaillet, 2012b; Scaillet et al., 1995]
(Table 2).

All capsules were weighed before and after adding
each component and finally sealed by electric arc
welding of the top end. After this step, if no signifi-
cant loss occurred (difference <0.0004 g), they were
left in an oven for several hours (∼24 h) at 120 °C
to ensure homogeneous fluid distribution and then
weighed again. After the experiments, capsules were
re-weighed to guarantee that no volatile loss had oc-
curred and pierced for opening with cutting pliers.
For H2O experiments, the spur and/or the presence
of small water bubbles hissing out from the capsules
when opening confirmed that water-saturated con-
ditions were attained.

1.3. Experimental equipment and procedures

A total set of 18 solubility experiments were con-
ducted at the ISTO laboratory (Orléans, France) in
internally heated pressure vessels (IHPV) operating
vertically, using pure argon or a Ar–H2 gas mixture
at room temperature as the pressure medium to
achieve the desired f O2 (see below).

Experiments were carried out at 1200 °C and pres-
sures from 50 to 400 MPa (Table 2). The run duration
was between 4 and 6 h, long enough to attain melt-
fluid phase equilibrium under these conditions and
to minimize iron-loss towards the capsule. Previous
experimental studies on water and carbon diffusiv-
ities [e.g., Behrens and Zhang, 2001; Behrens et al.,
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2004; Zhang et al., 1991], and redox reaction kinet-
ics in silicate melts [Berndt et al., 2002; Gaillard et al.,
2002; 2003a, 2003b] have shown that few hours (1–
1.5 h) are sufficient to achieve the equilibrium be-
tween the melt and the fluid phase at these P–T con-
ditions, especially in mafic to intermediate composi-
tions [Behrens et al., 2009; Botcharnikov et al., 2005,
2006; Dixon et al., 1995; Lesne et al., 2011a, 2011b].

A typical run consisted of two capsules (one
loaded with H2O and the other with CO2), wrapped
in Pt cages and suspended by a Pt or Rh quench
wire to the rapid-quench device. Heating was ap-
plied by a double-winding molybdenum furnace,
which ensures a 3 cm long near-isothermal zone
[±2–3 °C·cm−1; Andújar et al., 2013] where the cap-
sules are placed. The temperature was measured
using two S-type thermocouples (accuracy of ± 5 °C)
located on both the upper and lower parts of the
T-homogeneous zone, allowing precise control of
thermal gradients. The total pressure was recorded
continuously by a transducer calibrated against a
Heise Bourdon gauge with an uncertainty of ± 2 MPa
[e.g., Di Carlo et al., 2006; Pichavant et al., 2009].
Experiments were ended using a rapid-quench tech-
nique with which the sample holder falls into the
bottom part of the vessel and experiences isobaric
quench at cooling rates >100 °C/s [Di Carlo et al.,
2006]. All the experiments reported here showed a
fast transient increase in total pressure of 10–40 bars
upon the falling of the capsules, indicating that the
drop quench was successful in each case.

It should be noted that in high pressure and
H2O-rich charges, quench crystals of 1–2 µm were
observed (see Table 2). Similarly, under oxidising
conditions (NNO+3.2, see below), some basanitic
and, to a lesser extent, phonotephritic, experimen-
tal glasses contained scarce amounts of Fe–Ti ox-
ides (<7 wt.% as estimated from least-square mass-
balance calculations; Table 2), which did not pre-
vent, however, the acquisition of FTIR, EPMA and
NanoSIMS data. Only charge F4b with XH2O = 1 and
performed at 400 MPa (Table 2) contains slightly
higher amounts of randomly distributed needle-
shaped quench crystal aggregates that prevented the
FTIR analysis from being performed. Consequently,
for this charge, the glass water content was mea-
sured by the elemental analyzer and used, along with
FTIR results, to complete the basanitic H2O solubil-
ity dataset. Scarce microbubbles (<5–10µm) to larger

bubbles (0.3–0.5 mm) are located at the melt/capsule
interface, mainly in CO2 experiments, confirming
that fluid saturation at given P and T was attained.

1.4. Redox conditions of the experiments

The effect of f O2 on H2O and CO2 solubilities was ex-
plored by imposing two different oxygen fugacities in
our experiments. The first set was pressurized with
pure Ar, which corresponds to a f O2 ∼NNO+ 3.2
(±0.1 log unit), where NNO is the nickel-nickel oxide
buffer at the relevant P–T [Huebner and Sato, 1970].
The low amounts of quench phases are inconsequen-
tial to the interpretation of solubility trends. In all
cases, the f O2 of H2O-bearing capsules is controlled
by the fugacities of H2 and H2O through the reaction
H2 + (1/2)O2 ↔ H2O. Hence, to compute f O2 in ox-
idizing experiments, we used the prevailing intrinsic
f H2 in the vessel (known from previous experiments
performed in the same IHPV apparatus under simi-
lar P–T– f H2 conditions [run 22 and run 23, Pichavant
et al., 2009], the dissociation constant of water [from
Robie et al., 1979], and the fugacity of pure water
at the experimental P–T conditions [Burnham et al.,
1969]. For CO2-bearing charges, the f O2 was de-
termined considering the calculated f H2O from the
amount of dissolved water measured in each experi-
mental product at any given P–T conditions (see be-
low). A second set of experiments was performed un-
der moderately reduced f O2 conditions, which were
obtained by pressurizing the vessel with an argon-
hydrogen gas mixture equivalent to 1.5 bar H2 of the
total gas volume. For these runs, the prevailing f H2

was independently determined using Ni–Pd–O solid
sensors via two additional experiments run at 200
and 400 MPa at 1200 °C with the same H2/Ar propor-
tion but of longer duration (22–24 h). Sensors con-
sisted of two pellets of Ni–Pd metal mixtures (each
one with different Ni/Pd ratios) plus ZrO2 as isolating
material, placed in Au80–Pd20 capsules in the pres-
ence of excess H2O following the procedure of Taylor
et al. [1992]. The composition of the NiPd alloy was
determined by electron microprobe analysis after the
experiment, allowing f O2 calculation of the sensor
system from Pownceby and O’Neill’s [1994] equation.
Afterward, once the prevailing f O2 is known, the f H2

and the f O2 of each charge was calculated as stated
above. For the moderately reduced experiments, the
oxygen fugacity was calculated to be ∼NNO+ 1.4
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(±0.2 log unit). All experiments are reported in Ta-
bles 2 and 3.

Since the oxygen fugacity in capsules in H2O-
bearing systems is related to the fugacity of H2 and
H2O through the water equilibrium reaction (H2 +
(1/2)O2 ↔ H2O), a decrease in f H2O (or aH2O)
at constant f H2 (the one prevailing in the vessel)
is accompanied by a decrease in f O2 [e.g., Scail-
let et al., 1995; Webster et al., 1987]. It should be
noted that, even if the CO2 experiments were per-
formed under nominally dry conditions (no H2O
added), they are not strictly water-free, as evidenced
by the low amounts of water analysed in our ex-
perimental glasses (see below). Therefore, the f O2

of CO2-bearing charges was calculated using the
f H2O retrieved from our empirical equation relat-
ing f H2O and melt water content, and the prevail-
ing f H2, as determined above. The calculated oxy-
gen fugacity of CO2-bearing experiments decreases
by 1 to 3 log units relative to H2O saturated condi-
tions, depending on melt water content, as observed
in other experimental studies [e.g., Behrens et al.,
2009; Botcharnikov et al., 2005; Lesne et al., 2011a,
2011b; Webster et al., 1987; Table 2].

1.5. Analytical methods

1.5.1. Major element compositions

Starting materials and run products were
mounted in epoxy resin, polished and analysed
with a Cameca SX-Five electron microprobe at ISTO-
BRGM (Orléans, France) (Table 1 and S1). Analytical
conditions were: 15 kV accelerating voltage, beam
current of 6 nA, counting times of 10 s and a defo-
cused 20 µm beam diameter to minimize alkali mi-
gration [i.e., Andújar and Scaillet, 2012b; Morgan and
London, 2005]. Sodium and potassium were anal-
ysed first to limit any loss and a Phi-Rho-Z correction
procedure was applied. Major elements calibration
has been performed using standards of (1) silicate
minerals: albite (Na, Si), orthoclase (K), andradite
(Ca) topaz (F); (2) phosphates: apatite (P), vanadinite
(Cl); sulphates: baryte (S); and (3) oxides: chromite
(Cr), corundum (Al), magnesium oxide (Mg), nickel
oxide (Ni), hematite (Fe) and pyrophanite (Mn, Ti).
For the oxides, the relative analytical errors are 1%
(SiO2, Al2O3, CaO), 3% (FeO, MgO, TiO2) and 5%
(MnO, Na2O, K2O, P2O5) [Di Carlo et al., 2006].

Metallic sensor phases were analysed under an
accelerating voltage of 15 kV and a sample current of
20 nA, using pyrite, nickel, palladium and platinum
as standards.

1.5.2. Density

The density of quenched glasses was measured
using Archimedes’ method in a Mettler Toledo AG
balance equipped with a density accessory kit.
Archimedes’ principle states that a body immersed
partially or fully in fluid experiences a buoyant force
acting upwards on it, so the magnitude of this force is
equivalent to the weight of the fluid displaced by the
body. Thus, samples were weighed in air and then
in absolute ethanol at a known atmospheric temper-
ature, using the following equation to calculate the
density:

ρ = A/((A−B)∗ (ρ0 −ρL)+ρL) (S.1)

where A is the weight in air, B is the weight in
ethanol, ρ0 is the density of ethanol and ρL is the
density of air. The measurements were repeated 10
to 12 times on samples weighing from 5 up to 58 mg.
Density measurements vary from 2626 to 2787 g/l
for the basanite and from 2523 to 2669 g/l for the
phonotephrite (Table 2). Analytical errors remain
below 2.5% for most experimental glasses, reaching
values between 3.1 and 4.8% in cases where large
glass fragments were not available (<10–15 mg).

1.5.3. Fourier transform infrared spectroscopy

H2O and CO2 contents in experimental glasses
were measured by FTIR spectroscopy (Table 2) on
doubly polished glass chips with different thick-
nesses, ranging from 15 to 200 µm. The thickness at
each analysis point was measured at least three times
with a LEITZ DMR optical microscope equipped with
an automated X–Y stage, enabling measurements
within 2µm. FTIR spectra were collected in transmis-
sion using a Nicolet 6700 FTIR spectrometer attached
to an IR microscope (Nicolet Continuµm) equipped
with a MCT detector at the ISTO-CNRS laboratory. A
Globar light source, a XT-KBr beamsplitter and a 32x
infinity-corrected Schwarzschild objective matching
to 32x condenser were used to record absorbances of
the fundamental OH-stretching vibration (∼3520
cm−1) and the carbonate doublet (∼1430 cm−1

and ∼1520 cm−1) in the mid-infrared (MIR) region,
as well as combination bands of molecular water

C. R. Géoscience — Supplementary material



María Jiménez-Mejías et al. 5

Supplementary Table S1. Composition of experimental glasses

SiO2 TiO2 Al2O3 FeOa MnO MgO CaO Na2O K2O P2O5 Total

F05 44.37 3.50 14.94 12.39 0.16 7.92 10.62 3.83 1.54 0.72 100

0.33 0.23 0.20 0.21 0.13 0.09 0.11 0.07 0.11 0.19

F1a 45.96 3.50 15.43 10.71 0.20 7.84 10.57 3.50 1.42 0.86 100

0.30 0.14 0.08 0.21 0.07 0.12 0.04 0.08 0.07 0.15

F1c 44.27 3.55 15.03 12.35 0.24 7.95 10.52 3.84 1.60 0.64 100

0.26 0.19 0.13 0.26 0.10 0.07 0.11 0.09 0.09 0.13

F2a 45.50 3.56 15.41 10.67 0.16 7.75 10.68 3.74 1.64 0.90 100

0.26 0.10 0.15 0.22 0.07 0.08 0.13 0.07 0.07 0.11

F2b 44.74 3.49 14.98 11.86 0.25 7.99 10.55 3.79 1.59 0.75 100

0.32 0.13 0.14 0.27 0.08 0.10 0.13 0.15 0.10 0.13

F3a 47.91 3.14 16.03 7.93 0.13 7.70 10.88 3.71 1.73 0.83 100

0.22 0.16 0.18 0.22 0.06 0.06 0.08 0.11 0.07 0.13

F3b 44.67 3.49 15.04 12.13 0.14 7.83 11.25 3.34 1.31 0.79 100

0.30 0.11 0.22 0.39 0.07 0.15 0.25 0.18 0.20 0.12

F3c1 44.90 3.75 15.12 11.90 0.18 7.87 10.81 3.20 1.54 0.71 100

0.21 0.20 0.15 0.15 0.10 0.13 0.15 0.13 0.13 0.17

F4a 48.21 3.04 16.16 7.41 0.10 7.88 11.37 3.24 1.65 0.93 100

0.29 0.11 0.11 0.15 0.05 0.06 0.06 0.13 0.06 0.16

F4b 44.60 3.54 15.12 11.82 0.20 7.77 10.67 3.99 1.63 0.67 100

0.28 0.18 0.16 0.23 0.08 0.14 0.17 0.12 0.09 0.13

FC05 45.01 3.58 15.24 10.93 0.21 7.99 10.71 3.89 1.69 0.74 100

0.31 0.11 0.23 0.35 0.12 0.06 0.12 0.10 0.10 0.15

FC1b 45.18 3.62 15.37 10.51 0.21 8.10 10.72 3.96 1.58 0.77 100

0.32 0.18 0.14 0.36 0.09 0.08 0.13 0.07 0.09 0.17

FC2b 45.51 3.69 15.38 9.97 0.13 8.20 10.77 3.92 1.64 0.79 100

0.33 0.16 0.30 0.27 0.10 0.15 0.09 0.12 0.10 0.09

FC3b 45.21 3.55 15.39 10.50 0.21 8.12 10.77 4.00 1.61 0.65 100

0.32 0.18 0.14 0.36 0.09 0.08 0.13 0.07 0.09 0.17

FC4b 45.85 3.58 15.54 9.69 0.18 8.12 10.71 3.98 1.61 0.75 100

0.33 0.16 0.30 0.27 0.10 0.15 0.09 0.12 0.10 0.09

G05 48.46 2.93 17.82 9.47 0.20 4.03 8.60 5.18 2.19 1.11 100

0.25 0.22 0.20 0.26 0.08 0.08 0.07 0.10 0.11 0.15

G1a 48.74 2.98 18.07 8.80 0.24 3.98 8.65 5.14 2.22 1.20 100

0.39 0.22 0.24 0.27 0.10 0.07 0.17 0.16 0.14 0.19

G1c 49.11 3.00 17.98 9.31 0.17 4.01 8.59 4.48 2.27 1.07 100

0.35 0.13 0.16 0.21 0.06 0.09 0.09 0.29 0.08 0.13

G2a 48.88 3.05 18.00 8.89 0.19 4.00 8.62 5.02 2.23 1.11 100

0.20 0.20 0.20 0.20 0.05 0.08 0.11 0.24 0.12 0.20

(continued on next page)
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Supplementary Table S1. (continued)

SiO2 TiO2 Al2O3 FeOa MnO MgO CaO Na2O K2O P2O5 Total

G2b 48.16 3.11 17.61 9.41 0.20 4.05 8.62 5.31 2.15 1.38 100

0.18 0.16 0.23 0.20 0.07 0.06 0.08 0.09 0.10 0.13

G3a 50.48 2.74 18.49 6.65 0.14 3.93 8.81 5.27 2.38 1.13 100

0.39 0.09 0.16 0.19 0.08 0.08 0.11 0.12 0.13 0.13

G4a 48.60 2.98 18.09 8.86 0.25 3.99 8.66 5.18 2.24 1.16 100

0.26 0.22 0.23 0.34 0.09 0.07 0.16 0.18 0.13 0.17

G4b 48.58 3.02 17.76 9.54 0.24 4.02 8.40 5.19 2.22 1.02 100

0.26 0.16 0.18 0.31 0.07 0.07 0.12 0.08 0.17 0.14

GC05 50.07 3.22 18.00 7.08 0.18 4.02 8.66 5.33 2.17 1.27 100

0.29 0.16 0.18 0.12 0.09 0.05 0.09 0.09 0.08 0.18

GC1a 48.36 2.99 17.81 9.53 0.25 4.02 8.51 5.17 2.21 1.15 100

0.25 0.16 0.28 0.17 0.10 0.06 0.06 0.14 0.08 0.17

GC2a 48.89 2.87 17.76 9.17 0.28 3.89 8.43 5.37 2.26 1.09 100

0.26 0.18 0.13 0.20 0.07 0.06 0.10 0.09 0.09 0.15

GC2b 48.90 3.14 17.85 8.16 0.19 4.07 8.62 5.52 2.25 1.29 100

0.25 0.12 0.18 0.12 0.10 0.05 0.11 0.09 0.09 0.14

GC3a 48.42 3.29 17.86 9.24 0.23 4.00 8.49 5.05 2.19 1.24 100

0.34 0.20 0.25 0.17 0.10 0.05 0.15 0.10 0.08 0.15

GC3b 50.03 2.94 18.20 7.22 0.16 4.06 8.69 5.46 2.29 0.94 100

0.30 0.18 0.17 0.26 0.10 0.08 0.14 0.12 0.11 0.26

GC4a 49.14 2.94 17.72 8.19 0.16 4.18 8.62 5.43 2.35 1.27 100

0.37 0.16 0.13 0.27 0.12 0.06 0.17 0.13 0.16 0.12

GC4b 49.94 3.03 18.09 7.12 0.18 4.04 8.73 5.60 2.25 1.02 100

0.30 0.18 0.17 0.26 0.10 0.08 0.14 0.12 0.11 0.26

Compositions normalized to 100% anhydrous melt.
Oxide concentrations were measured by EPMA at ISTO-CNRS.
a Total iron expressed as FeO.

(5200 cm−1) and hydroxyl groups (4500 cm−1) in the
near-infrared (NIR) region (Table S3). For each anal-
ysis, 128 scans were collected in the range of 6000 to
655 cm−1 with an aperture of 50× 50 µm and a spec-
tral resolution of 4 cm−1, collecting a background on
CaF2 (for H2O) and NaCl (for CO2) windows before
each sample. Typically, three to seven spots were ac-
quired in different parts of the glass chips to ensure
the homogeneous distribution of the volatile phases
over the samples and the results were then averaged.

The concentration of H2O and CO2 were deter-
mined using the Lambert-Beer law:

C i = (Mi ∗ A j )/(ρ∗d ∗ε j )∗100 (S.2)

where Ci is the concentration of species i (in wt.%),
Mi is the molecular weight of the species i , A j is the
absorbance (peak height of band j ), ρ is the den-
sity of the run product (in g/L, see above), d is the
thickness of the glass chip at each analysed point (in
cm) and ε j is the absorption coefficient of band j (in
L/mol·cm).

For NIR and MIR water spectra, two tangents [TT
baseline, Lesne et al., 2011a, 2011b; Ohlhorst et al.,
2001; Schanofski et al., 2019] were applied to the base
of the 4500 cm−1, 5200 cm−1 and 3520 cm−1 bands
to measure the peak heights (see Figure S2a, b). In
the case of carbonate doublet, before the TT baseline

C. R. Géoscience — Supplementary material
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Supplementary Figure S2. Near-IR and Mid-IR representative spectra of different basanitic and
phonotephritic experimental glasses. Bold lines represent measured spectra and grey lines the fitted
baselines. (a) Molecular water band at 5200 cm−1 and the hydroxyl band at 4500 cm−1 of the F3a
(6.14 wt.% H2O) and G3a (6.32 wt.% H2O) samples. (b) The absorbance of the fundamental OH- stretch-
ing vibration at about 3520 cm−1 of the G05 glass (2.35 wt.% H2O). (c) The spectrum of the corresponding
starting dry glass (thick grey line), scaled to the same thickness, was used for subtracting from the sample
spectrum (FC4, 5748 ppm CO2) to measure the peak heights of the carbonate peaks at 1430 cm−1 and
1520 cm−1.

correction, a subtraction from volatile-free glasses
with the same composition and normalized to the
same thicknesses was applied (Figure S2c).

The lack of bulk H2O and CO2 data prevented us
from determining molar absorption coefficients for
the compositions studied here. To contour this limi-
tation, we used absorption coefficients derived from
magma compositions that closely approach those
studied here. For the Fasnia basanite, water con-
tents were quantified using the following absorp-
tion coefficients 0.56 ± 0.04 L·mol−1·cm−1 and 0.58

± 0.02 L·mol−1·cm−1 for ε5200 and ε4500, respectively
[Cocheo, 1993], and 59.2 ± 4 L·mol−1·cm−1 for ε3520

[Shishkina et al., 2014]; whereas for the Garachico
phonotephrite 1.02 ± 0.03 L·mol−1·cm−1, 0.62 ± 0.06
L·mol−1·cm−1 and 63.9 ± 5.4 L·mol−1 cm−1 we used
for ε5200, ε4500 and ε3520, respectively [Behrens et al.,
2009].

Despite that no water was added to the CO2-
solubility charges, our FTIR spectra show that all run
products contained small amounts of dissolved wa-
ter (≤2 wt%; Table 2; Figure S2c). For this reason,

C. R. Géoscience — Supplementary material
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the carbonate band at 1520 cm−1 was slight to mod-
erately affected by the H2O bending at 1630 cm−1

and could not be used for CO2 quantification pur-
poses [e.g., Behrens et al., 2009; Botcharnikov et al.,
2006; Shishkina et al., 2014]. Therefore, we used the
1430 cm−1 peak to calculate the dissolved CO2 in all
experimental glasses considering the absorption co-
efficients of 283 ± 8 L·mol−1·cm−1 for Fasnia basanite
[Dixon and Pan, 1995] and 264 ± 15 L·mol−1·cm−1 for
Garachico phonotephrite [Vetere et al., 2014].

Considering the strong dependence of the absorp-
tion coefficient with composition, the major source
of error associated with our FTIR H2O–CO2 quantifi-
cations comes from the use of coefficient values that
have not been specifically calibrated for our magmas
[e.g., Dixon and Pan, 1995; Dixon et al., 1995; Man-
deville et al., 2002]. Notwithstanding, the errors asso-
ciated with the volatile-content quantification were
calculated by propagating errors associated to ab-
sorbance, density, absorption coefficient, and thick-
ness. Calculated errors are about 5–15%, i.e., simi-
lar to those of previous studies [Behrens et al., 2009;
Iacono-Marziano et al., 2012; Lesne et al., 2011a,
2011b; Shishkina et al., 2014].

As in previous studies [e.g., Allison et al., 2019; von
Aulock et al., 2014], we observed a good correlation
between peaks height and water concentration in the
glass, since the difference between contents deter-
mined using the ∼3500 cm−1 peak and those from
near-IR data is usually <0.15 wt.% (Table 2). How-
ever, for data discussion and further comparison, we
preferred to use here the results from the combina-
tion of the molecular water (5200 cm−1) and hydroxyl
groups (4500 cm−1) bands, as their propagated er-
rors are less than 10% compared to those associated
with the fundamental band (15%). Such a difference
(5%) arises from the necessity of using relatively thin
glass wafers (i.e., 15–40 µm thickness) to ensure (1) a
good proportionality between peak heights and wa-
ter contents and (2) avoiding peak-detector satura-
tion. However, despite this technical advantage, the
accuracy of ±2 µm in the thickness measurement
propagates into higher relative errors when using rel-
atively thin wafers for determining melt water con-
centrations.

1.5.4. Nanoscale secondary ion mass spectrometry

Experimental glasses were also analysed using
the Cameca NanoSIMS 50 installed at the Muséum

National d’Histoire Naturelle in Paris with the aim
of verifying the suitability of the selected absorption
coefficients to retrieve H2O and CO2 contents from
our experimental glasses. We could apply this pro-
cedure since the NanoSIMS independently measures
the OH/Si and C/Si ratios of the sample so that if
the entered values of H2O and CO2 do not match
with the measured ratios, a calibration regression line
cannot be established. For this reason, we used our
H2O and CO2 experimental glasses as NanoSIMS sec-
ondary standards obtaining, in this case, a good re-
gression of the data (as evidenced by the R2 = 0.99;
Figure S3), which validates our previous choice con-
cerning the absorption coefficients for both compo-
sitions to determine H2O and CO2 contents using
FTIR.

NanoSIMS analyses were performed using a 19 pA
Cs+ primary beam rastered over 3× 3 µm2 surface
area. However, to avoid surface contamination, only
ions from the inner 1.5 × 1.5 µm2 were collected us-
ing the “beam blanking” mode. Secondary ions of
12C−, 16OH− and 28Si−were recovered in multicollec-
tion mode. Mass resolving power was set at a min-
imum of 5600, a value which is sufficient to resolve
interferences on 16OH−. A single analysis comprises
a stack of 100 cycles, each lasting for 1.024 s. An elec-
tron flooding gun was used for charge compensation.
Prior to each analysis, a 235 pA Cs+ primary beam
was used for presputtering over 5× 5 µm2 surface
area for 2 min to remove surface contamination and
reach a steady-state sputtering [Thomen et al., 2014].
The vacuum in the analysis chamber remained below
2× 10−10 Torr during measurements. Once optimal
analytical conditions were achieved, the H2O and
CO2 contents of the experimental glasses were deter-
mined through the measurement of 16OH−/28Si− and
12C−/28Si− ratios, respectively. Concentrations and
uncertainties were determined using the R program
following the procedure described in Bartoli et al.
[2014] and Thomen et al. [2014].

1.5.5. Elemental analyzer

As we pointed out in previous sections, despite
the systematic use of the rapid-quench device in
our experiments, one charge (F4b, Table 2) pre-
sented quench mineral phases in proportions and
with distributions that did not allow direct measure-
ments with FTIR or NanoSIMS. Therefore, we deter-
mined the bulk H2O-content of 9 run products with a

C. R. Géoscience — Supplementary material
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Supplementary Figure S3. NanoSIMS calibration curves. (a) Correlation between the measured
OH−/Si− ratio by the NanoSIMS vs. the H2O/SiO2 ratio measured by FTIR and EPMA, respectively, on
H2O-saturated experiments (green triangles). (b) NanoSIMS C−/Si− ratio vs. CO2/SiO2 on CO2-saturated
experimental glasses (blue diamonds).

Thermo Scientific™ FLASH™ 2000 CHNS/O located
at ISTO (see Table 2), measuring H concentration in
glasses and hence, H2O as follows. 10–15 mg of glassy
material was first weighed, loaded to a tin capsule,
and introduced into the combustion reactor via the
Thermo Scientific MAS 200R Autosampler. The glass
is then dropped into an oxidation/reduction reac-
tor kept at a temperature of 900–1000 °C for its full
combustion. The produced gases are carried out by a
helium flow towards a layer filled with copper, then
swept through a chromatographic column to sepa-

rate them, and finally, detected by a thermal conduc-
tivity detector (TCD).

Typically, each analysis started with a calibra-
tion step consisting of a series of blank measure-
ments followed by standard inner measurements
containing already known H2O contents (from 2.74
to 12 wt.%). Each experimental glass set was then
loaded and analysed to retrieve the hydrogen con-
centration which, via the previous calibration data,
was finally used to calculate H2O concentrations in
glasses.

C. R. Géoscience — Supplementary material
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Supplementary Table S2. Comparison between H2O and CO2 results from this study and other author’s
models.
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Supplementary Table S3. FTIR absorbance and thickness measurements from experimental glasses.

 

Supplementary Table S3. FTIR absorbance and thickness measurements 
from experimental  
glasses 

          

Sample A3520 
sd 

A3520 A4500 
sd 

A4500 A5200 
sd 

A5200 A1430 
sd 

A1430 
Thickness 

(cm) 
Density 

(g/l) 
sd 

density 

F05_analysis01 0.8255 0.0014             0.0040 2748 28 

F05_analysis02 0.8719 0.0015             0.0042 2748 28 

F05_analysis03 0.8690 0.0011             0.0042 2748 28 

F05_analysis04 0.8491 0.0013             0.0041 2748 28 

F1a_analysis01 0.4700 0.0005             0.0017 2669 83 

F1a_analysis02 0.4817 0.0009             0.0017 2669 83 

F1a_analysis03 0.4480 0.0015             0.0016 2669 83 

F1a_analysis04 0.4670 0.0019             0.0016 2669 83 

F1c_analysis01 1.2867 0.0018             0.0045 2750 23 

F1c_analysis02 1.2839 0.0031             0.0045 2750 23 

F1c_analysis03 1.3442 0.0007             0.0045 2750 23 

F1c_analysis04 1.3533 0.0023             0.0046 2750 23 

F1a_2_analysis01     0.0089 0.0005 0.0101 0.0010     0.0066 2669 83 

F1a_2_analysis02     0.0081 0.0002 0.0085 0.0008     0.0060 2669 83 

F1a_2_analysis03     0.0094 0.0005 0.0079 0.0009     0.0060 2669 83 

F1c_2_analysis01     0.0209 0.0006 0.0201 0.0021     0.0141 2750 22 

F1c_2_analysis02     0.0204 0.0008 0.0182 0.0005     0.0141 2750 22 

F1c_2_analysis03     0.0198 0.0005 0.0201 0.0006     0.0140 2750 22 

F1c_2_analysis04     0.0193 0.0001 0.0199 0.0011     0.0139 2750 22 

F2a_analysis01 0.8031 0.0007             0.0020 2626 65 

F2a_analysis02 0.7521 0.0023             0.0018 2626 65 

F2a_analysis03 0.7020 0.0010             0.0017 2626 65 

F2a_analysis04 0.9974 0.0009             0.0024 2626 65 

F2a_analysis05 0.7991 0.0023             0.0020 2626 65 

F2a_analysis06 0.6790 0.0006             0.0017 2626 65 

F2b_analysis01 0.9208 0.0031             0.0021 2720 28 

F2b_analysis02 0.9802 0.0013             0.0022 2720 28 

F2b_analysis03 0.8586 0.0009             0.0019 2720 28 

F2b_analysis04 0.9979 0.0009             0.0022 2720 28 

F2b_analysis05 0.7585 0.0005             0.0017 2720 28 

F2b_analysis06 1.1293 0.0027             0.0025 2720 28 

F2b_analysis07 0.9195 0.0010             0.0021 2720 28 

F2a_2_analysis01     0.0108 0.0008 0.0112 0.0006     0.0056 2626 65 

F2a_2_analysis02     0.0107 0.0011 0.0119 0.0006     0.0055 2626 65 

F2a_2_analysis03     0.0099 0.0006 0.0117 0.0010     0.0056 2626 65 

F2b_2_analysis01     0.0227 0.0004 0.0319 0.0004     0.0126 2720 27 

F2b_2_analysis02     0.0237 0.0004 0.0314 0.0005     0.0128 2720 27 

F2b_2_analysis03     0.0153 0.0004 0.0306 0.0022     0.0125 2720 27 

F2b_2_analysis04     0.0232 0.0015 0.0347 0.0011     0.0133 2720 27 

F3a_analysis01 1.4714 0.0027             0.0027 2785 87 

F3a_analysis02 1.5263 0.0117             0.0027 2785 87 

F3a_analysis03 1.4602 0.0049             0.0026 2785 87 

F3a_analysis04 1.4784 0.0034             0.0027 2785 87 

F3c2_analysis01 1.0156 0.0002             0.0019 2727 32 

F3c2_analysis02 1.0166 0.0020             0.0019 2727 32 

F3c2_analysis03 1.0107 0.0013             0.0019 2727 32 

F3a_2_analysis01     0.0212 0.0001 0.0425 0.0008     0.0131 2785 87 

F3a_2_analysis02     0.0256 0.0003 0.0419 0.0001     0.0130 2785 87 

F3a_2_analysis03     0.0263 0.0000 0.0411 0.0008     0.0127 2785 87 

F3a_2_analysis04     0.0298 0.0004 0.0388 0.0005     0.0130 2785 87 

F3b_2_analysis01     0.0088 0.0002 0.0481 0.0004     0.0094 2657 27 

F3b_2_analysis02     0.0123 0.0006 0.0518 0.0003     0.0100 2657 27 

F3b_2_analysis03     0.0084 0.0008 0.0459 0.0003     0.0091 2657 27 

F3b_2b_analysis01     0.0118 0.0001 0.0479 0.0002     0.0113 2727 31 

F3b_2b_analysis02     0.0113 0.0008 0.0488 0.0002     0.0113 2727 31 
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F3b_2b_analysis03     0.0108 0.0001 0.0478 0.0008     0.0113 2727 31 

F4a_analysis04 1.2698 0.0027             0.0020 2690 61 

F4a_analysis05 1.1611 0.0018             0.0018 2690 61 

F4a_analysis06 1.1497 0.0023             0.0018 2690 61 

F4a_analysis07 1.4527 0.0033             0.0023 2690 61 

F4a_analysis08 1.4426 0.0017             0.0023 2690 61 

F4a_2_analysis01     0.0145 0.0004 0.0627 0.0007     0.0123 2690 61 

F4a_2_analysis02     0.0124 0.0002 0.0583 0.0007     0.0117 2690 61 

F4a_2_analysis03     0.0127 0.0005 0.0595 0.0009     0.0116 2690 61 

G05_analysis01 0.7060 0.0011             0.0032 2661 30 

G05_analysis02 0.6970 0.0016             0.0031 2661 30 

G05_analysis03 0.6694 0.0018             0.0030 2661 30 

G05_analysis04 0.7011 0.0023             0.0032 2661 30 

G1a_analysis02 0.8598 0.0019             0.0028 2523 78 

G1a_analysis03 0.8529 0.0028             0.0028 2523 78 

G1a_analysis04 0.8373 0.0038             0.0027 2523 78 

G1b_analysis01 0.6511 0.0005             0.0020 2543 16 

G1b_analysis02 0.7353 0.0025             0.0022 2543 16 

G1b_analysis03 0.6793 0.0011             0.0020 2543 16 

G1b_analysis04 0.7364 0.0017             0.0022 2543 16 

G1a_2_analysis01     0.0196 0.0001 0.0304 0.0021     0.0129 2523 78 

G1a_2_analysis02     0.0187 0.0009 0.0303 0.0016     0.0129 2523 78 

G1a_2_analysis03     0.0190 0.0009 0.0301 0.0026     0.0128 2523 78 

G1b_2_analysis01     0.0219 0.0004 0.0292 0.0010     0.0122 2543 16 

G1b_2_analysis02     0.0209 0.0006 0.0291 0.0013     0.0122 2543 16 

G1b_2_analysis03     0.0201 0.0014 0.0303 0.0018     0.0120 2543 16 

G2a_analysis01 1.1803 0.0053             0.0027 2533 81 

G2a_analysis02 1.2177 0.0052             0.0028 2533 81 

G2a_analysis03 1.2277 0.0040             0.0028 2533 81 

G2b_analysis01 1.3795 0.0011             0.0028 2632 16 

G2b_analysis02 1.3786 0.0108             0.0028 2632 16 

G2b_analysis03 1.3574 0.0107             0.0027 2632 16 

G2b_analysis04 1.3595 0.0065             0.0026 2632 16 

G2b_analysis05 1.2836 0.0062             0.0026 2632 16 

G2a_2_analysis01     0.0276 0.0005 0.0436 0.0005     0.0125 2533 81 

G2a_2_analysis02     0.0280 0.0001 0.0459 0.0012     0.0126 2533 81 

G2a_2_analysis03     0.0297 0.0003 0.0439 0.0018     0.0129 2533 81 

G2a_2_analysis04     0.0265 0.0011 0.0460 0.0010     0.0120 2533 81 

G2b_2_analysis01     0.0201 0.0013 0.0560 0.0116     0.0115 2632 16 

G2b_2_analysis02     0.0230 0.0013 0.0532 0.0044     0.0118 2632 16 

G2b_2_analysis03     0.0233 0.0016 0.0551 0.0070     0.0119 2632 16 

G3a_analysis01 1.2815 0.0043             0.0022 2642 89 

G3a_analysis02 1.2930 0.0027             0.0022 2642 89 

G3a_analysis03 1.0622 0.0012             0.0018 2642 89 

G3a_analysis04 1.2036 0.0064             0.0021 2642 89 

G3a_2_analysis01     0.0316 0.0012 0.0796 0.0021     0.0139 2642 89 

G3a_2_analysis02     0.0338 0.0005 0.0789 0.0013     0.0139 2642 89 

G3a_2_analysis03     0.0317 0.0005 0.0776 0.0010     0.0142 2642 89 

G3a_2_analysis04     0.0335 0.0010 0.0812 0.0014     0.0140 2642 89 

G3a_2_analysis06     0.0317 0.0009 0.0773 0.0022     0.0140 2642 89 

G4a_analysis01 1.1481 0.0054             0.0017 2567 61 

G4a_analysis03 1.1559 0.0049             0.0018 2567 61 

G4a_analysis04 1.1704 0.0042             0.0018 2567 61 

G4a_analysis05 1.1409 0.0046             0.0017 2567 61 

G4b_analysis01 1.1964 0.0064             0.0018 2551 27 

G4b_analysis02 1.2403 0.0079             0.0023 2551 27 

G4b_analysis03 1.6140 0.0231             0.0025 2551 27 

G4b_analysis04 1.6076 0.0176             0.0025 2551 27 

G4a_2_analysis01     0.0288 0.0003 0.0780 0.0002     0.0120 2567 61 

G4a_2_analysis02     0.0282 0.0015 0.0814 0.0003     0.0120 2567 61 

G4a_2_analysis03     0.0300 0.0008 0.0825 0.0003     0.0119 2567 61 

G4b_2_analysis01     0.0126 0.0006 0.0914 0.0038     0.0102 2551 27 
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G4b_2_analysis02     0.0121 0.0004 0.0922 0.0048     0.0102 2551 27 

G4b_2_analysis03     0.0123 0.0008 0.0889 0.0038     0.0102 2551 27 

FC05_analysis01             0.1667 0.0130 0.0174 2746 34 

FC05_analysis02             0.1475 0.0071 0.0174 2746 34 

FC05_analysis03             0.1448 0.0158 0.0174 2746 34 

FC05_analysis04             0.1433 0.0001 0.0183 2746 34 

FC1c_analysis02             0.2768 0.0122 0.0124 2787 33 

FC1c_analysis03             0.2729 0.0064 0.0125 2787 33 

FC1c_analysis04             0.2608 0.0043 0.0126 2787 33 

FC2b_analysis01             0.2473 0.0013 0.0051 2748 23 

FC2b_analysis02             0.2454 0.0033 0.0050 2748 23 

FC2b_analysis03             0.2189 0.0007 0.0047 2748 23 

FC2b_analysis05             0.2368 0.0024 0.0049 2748 23 

FC3b_analysis01             0.8635 0.0179 0.0115 2771 31 

FC3b_analysis02             0.8629 0.0098 0.0115 2771 31 

FC3b_analysis03             0.8634 0.0210 0.0116 2771 31 

FC4b_analysis02             0.5174 0.0051 0.0050 2779 19 

FC4b_analysis03             0.5143 0.0034 0.0050 2779 19 

FC4b_analysis04             0.5124 0.0003 0.0050 2779 19 

FC05_water__analysis01 0.5145 0.0008             0.0046 2746 33 

FC05_water__analysis02 0.5388 0.0019             0.0049 2746 33 

FC05_water__analysis04 0.5292 0.0007             0.0052 2746 33 

F05_water__analysis01 0.6963 0.0016             0.0048 2787 32 

FC1c_water__analysis02 0.6645 0.0004             0.0047 2787 32 

FC1c_water__analysis03 0.6346 0.0002             0.0047 2787 32 

FC1c_water__analysis04 0.6359 0.0005             0.0050 2787 32 

FC1c_water__analysis05 0.6548 0.0008             0.0047 2787 32 

FC1c_water__analysis06 0.6365 0.0005             0.0050 2787 32 

FC2b_water__analysis01 0.7922 0.0021             0.0051 2748 22 

FC2b_water__analysis02 0.8079 0.0017             0.0050 2748 22 

FC2b_water__analysis03 0.7738 0.0013             0.0047 2748 22 

FC2b_water__analysis05 0.7820 0.0024             0.0049 2748 22 

FC3b_water__analysis01 0.7797 0.0009             0.0057 2771 30 

FC3b_water__analysis02 0.7898 0.0042             0.0059 2771 30 

FC3b_water__analysis03 0.7810 0.0017             0.0059 2771 30 

FC4b_water__analysis01 1.4703 0.0081             0.0086 2779 18 

FC4b_water__analysis02 1.4295 0.0095             0.0086 2779 18 

FC4b_water__analysis03 1.4242 0.0119             0.0087 2779 18 

FC4b_water__analysis04 1.4821 0.0043             0.0088 2779 18 

FC4b_water__analysis05 1.4709 0.0077             0.0084 2779 18 

FC4b_water__analysis06 1.4103 0.0079             0.0087 2779 18 

GC05_analysis01             0.0609 0.0022 0.0147 2651 30 

GC05_analysis02             0.0724 0.0031 0.0146 2651 30 

GC05_analysis03             0.0663 0.0050 0.0144 2651 30 

GC05_analysis04             0.0565 0.0054 0.0143 2651 30 

GC1a_analysis01             0.2032 0.0124 0.0200 2669 49 

GC1a_analysis02             0.2009 0.0066 0.0198 2669 49 

GC1a_analysis03             0.1879 0.0105 0.0199 2669 49 

GC2a_analysis02             0.2989 0.0252 0.0126 2654 99 

GC2a_analysis03             0.2905 0.0279 0.0166 2654 99 

GC2b_analysis01             0.1884 0.0032 0.0084 2638 33 

GC2b_analysis02             0.1827 0.0062 0.0081 2638 33 

GC2b_analysis03             0.1886 0.0026 0.0082 2638 33 

GC2b_analysis04             0.1863 0.0019 0.0084 2638 33 

GC2b_analysis05             0.1936 0.0022 0.0087 2638 33 

GC3b_analysis01             0.3341 0.0030 0.0101 2548 34 

GC3b_analysis02             0.3536 0.0025 0.0105 2548 34 

GC3b_analysis03             0.3474 0.0041 0.0106 2548 34 

GC3b_analysis04             0.3654 0.0000 0.0106 2548 34 

GC3b_analysis05             0.3463 0.0026 0.0112 2548 34 

GC3b_analysis06             0.3682 0.0028 0.0112 2548 34 

GC3b_analysis07             0.3146 0.0017 0.0099 2548 34 
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GC3b_analysis08             0.3376 0.0016 0.0099 2548 34 

GC3b_analysis09             0.2972 0.0000 0.0090 2548 34 

GC3b_analysis10             0.3138 0.0021 0.0092 2548 34 

GC4a_analysis01             0.3525 0.0072 0.0073 2586 124 

GC4a_analysis02             0.3390 0.0072 0.0073 2586 124 

GC4a_analysis03             0.3542 0.0069 0.0073 2586 124 

GC4a_analysis04             0.3352 0.0065 0.0073 2586 124 

GC4a_analysis05             0.3600 0.0063 0.0074 2586 124 

GC4a_analysis06             0.3475 0.0064 0.0074 2586 124 

GC4b_analysis01             0.6470 0.0190 0.0126 2555 27 

GC4b_analysis02             0.6825 0.0261 0.0128 2555 27 

GC4b_analysis03             0.6355 0.0260 0.0128 2555 27 

GC05_water_analysis01 1.6072 0.0124             0.0147 2651 30 

GC05_water_analysis02 1.5834 0.0034             0.0146 2651 30 

GC05_water_analysis03 1.6064 0.0034             0.0144 2651 30 

GC05_water_analysis04 1.5803 0.0126             0.0143 2651 30 

GC1a_water_analysis01 0.3827 0.0018             0.0131 2669 49 

GC1a_water_analysis02 0.3895 0.0003             0.0131 2669 49 

GC1a_water_analysis03 0.3521 0.0016             0.0131 2669 49 

GC1a_water_analysis04 0.3567 0.0007             0.0131 2669 49 

GC2a_water_analysis01 0.2190 0.0000             0.0129 2654 99 

GC2a_water_analysis02 0.2432 0.0000             0.0126 2654 99 

GC2a_water_analysis03 0.2671 0.0000             0.0166 2654 99 

GC2b_water_analysis01 0.9810 0.0039             0.0084 2638 33 

GC2b_water_analysis02 0.9645 0.0036             0.0081 2638 33 

GC2b_water_analysis03 0.9795 0.0030             0.0080 2638 33 

GC2b_water_analysis04 0.9448 0.0020             0.0077 2638 33 

GC2b_water_analysis05 0.9856 0.0048             0.0082 2638 33 

GC2b_water_analysis06 0.9758 0.0041             0.0084 2638 33 

GC2b_water_analysis07 1.0051 0.0034             0.0087 2638 33 

GC3b_water_analysis01 1.2566 0.0017             0.0101 2548 34 

GC3b_water_analysis02 1.3051 0.0020             0.0105 2548 34 

GC3b_water_analysis03 1.2711 0.0061             0.0106 2548 34 

GC3b_water_analysis04 1.3421 0.0095             0.0112 2548 34 

GC3b_water_analysis05 1.1847 0.0054             0.0099 2548 34 

GC3b_water_analysis06 1.1080 0.0062             0.0090 2548 34 

GC3b_water_analysis07 1.1421 0.0043             0.0092 2548 34 

GC4a_water_analysis01 0.1764 0.0011             0.0073 2586 124 

GC4a_water_analysis02 0.1671 0.0012             0.0073 2586 124 

GC4a_water_analysis03 0.1585 0.0018             0.0074 2586 124 

GC4b_water_analysis01 1.5300 0.0120             0.0109 2555 27 

GC4b_water_analysis03 1.5658 0.0081             0.0110 2555 27 

GC4b_water_analysis04 1.5999 0.0128             0.0116 2555 27 

GC4b_water_analysis05 1.6094 0.0289            0.0116 2555 27 

GC4b_water_analysis06 1.5716 0.0152             0.0113 2555 27 

GC4b_water_analysis07 1.5562 0.0040             0.0113 2555 27 

Absorbances of the fundamental OH-stretching vibration (~3520 cm-1) and the carbonate doublet (~1430 cm-1 and ~1520cm-1) in the mid-infrared (MIR) region, 

and the combination bands of molecular water (5200cm-1) and hydroxyl groups (4500cm-1) in the near-infrared region (NIR). Errors represent the standard  

deviations of the measured absorbances.                   
Thickness uncertainty correspond to the microscope instrumental error (0.0002 
cm)              

Density measured using Archimedes’ method. Standard deviations correspond to 10-12 density measurements of each glass fragment   
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