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ABSTRACT

H,0 contents of magmas strongly impact the explosivity of volcanic eruptions, as well as their rheological properties and
crystallisation behaviour. Accurate analyses of H,0 in magmatic liquids are therefore vital for our understanding of the dynamics
of magmatic processes and eruptions. Raman spectroscopy provides an accessible, affordable, and high spatial resolution
technique for estimating H,0 contents of magmas that have been quenched to a glass during eruption. However, calculating
H,0 concentrations from Raman spectra involves manual data processing and results are therefore sensitive to the specific
treatment used. SilicH,0 is an open-source software program that uniformises and streamlines this process by providing an
interactive graphical user-interface. It can be used to: (a) process Raman spectra of silicate glasses, (b) remove any unwanted
peaks through interpolation and unmixing, (c) set up H,0 calibrations with reference materials, and (d) quantify H,0 contents
of unknown samples.
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Knowing the HyO contents of magmas is crucial for un-
derstanding their phase equilibria, crystallisation behaviour,
physical properties, and eventual eruption style. However,
traditional methods to measure H,O in volcanic glasses, such
as secondary ion mass spectrometry (SIMS) and fourier trans-
form infrared (FTIR) spectroscopy, can be expensive and re-
quire extensive sample preparation. In contrast, confocal
Raman spectroscopy is affordable, requires little preparation
and has similarly high spatial resolution, but requires (often)
complicated post-processing of collected spectra. The most
important processing step is removal of background signal,
for which different authors use different algorithms, produc-
ing different results. Moreover, the tools used for process-
ing are not always made publicly available and the ones that
are typically require previous knowledge of computer code
(e.g. Python, MATLAB) [e.g. Le Losq et al. 2012; Di Genova
et al. 2017} SilicH,0 is an open-source software program
that streamlines and uniformises post-processing of Raman
spectra by providing an intuitive graphical user interface (Fig-
ure 1). It is aimed at quantifying H,O in silicate glasses of
any composition and integrates tools for unwanted peak re-
moval, background subtraction and HyO calibration. Results
produced with SilicH,0 indicate that with the implemented
data processing algorithms HyO can be measured by Raman
spectroscopy with accuracies and precisions of mostly below
0.1 wt.%.

This manuscript introduces the main concepts of silicate
glass Raman spectroscopy and its HyO calibration and re-
views the most important features of SilicH,0 (version 1.0.0).
The software is available for Mac and Windows and can be
downloaded from GitHub', with step by step installation and
usage instructions available in its documentation?.
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Raman spectroscopy is based on the analysis of inelastically
scattered light inside solids, liquids, and gases [Raman 1928;
Frezzotti et al. 2012; Pasteris and Beyssac 2020]. In a Raman
spectroscope, a monochromatic laser is focused on a sample,
exciting the vibrations of molecular bonds within the sample.
This transfer of energy between the incoming laser’s photons
and molecular vibrations inelastically scatters the outcoming
photons causing shifts in their vibration frequency and these
shifts are then measured in wavenumber units (cm~!). Raman
shifted frequencies depend on molecular composition and vi-
brational mode (stretching or bending), while the scattered
light intensity is (amongst other things; e.g. acquisition pa-
rameters) proportional to concentration of chemical species
[Neuville et al. 2014; Malfait 2018]. As such, Raman spectra
of scattered light intensities as a function of their frequencies
offer qualitative information on both the structure and com-
position of analysed samples.

2.1 Analytical considerations

The focus of this paper is on measuring HyO in glasses. Some
care has to be taken during analyses, as glasses heat up due to
partial absorption of the laser light. In opaque glasses, such as
glasses with high iron contents or nanoscale crystals, this may
lead to water loss or even melting [Behrens et al. 2006; Thomas
et al. 2008]. Optical properties vary from glass to glass and
sensitivity to the laser should be tested for each sample before
analysis by gradually increasing laser power and checking for
potential burn marks (Supplementary Figure S1). If samples
are embedded in or otherwise held in place by glue or resin it
is also important to make sure that they are not fluorescent or
Raman active at frequencies within the desired spectral range.

2.2 H,0 quantification

H,0 dissolved in silicate glass produces Raman signal be-
tween 2200 and 4000 cm~! (Figure 2 and 3B) and analysis
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Figure 1: The main user interface of SilicH,0 (running on Windows 0S), with & sample selection bar, B tool selection bar, ©

interactive spectrum with baseline interpolation regions as grey

of the intensity of this HyO band is the basis for all existing
H50O calibrations. There are two general calibration methods:
external and internal. The external method quantifies the re-
lationship between the integrated area (or sometimes height)
of Raman HyO peaks (/11,0) and glass HyO contents by re-
gressing known HyO contents of calibration materials against
their measured /y,0 [Behrens et al. 2006; Mercier et al. 2009;
Schiavi et al. 2018]. The internal method first normalises It1,0
to the integrated area of one or more Raman peaks in the sili-
cate region (Ig;) of the analysed sample [Zajacz et al. 2005; Le
Losq et al. 2012; Di Genova et al. 2017] and then compares
this ratio (/11,0/Isi) to known HyO contents in calibration
materials. This method increases reproducibility and reduces
the effects analytical conditions and instrumental setup (laser
power, counting time, etc.) have on the calibration. Addition-
ally, some authors [e.g. Le Losq et al. 2012; Di Genova et al.
2017; Schiavi et al. 2018] correct raw intensities for frequency
and temperature dependencies (often called the Long correc-
tion [Shuker and Gammon 1970; Galeener and Sen 1978]).

2.3 Spectral processing

Since Raman spectra include fluorescent background signal
(Figure 2), peak height and area cannot be calculated directly
from raw spectra and first require a baseline fitting strat-
egy. This baseline is fitted to areas of the spectrum without
peaks (baseline interpolation regions, BIRs) and subsequently
extended to the entire spectrum. Various algorithms have
been used in the past including linear extrapolation [Zajacz
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bars and (@ settings and results bar.

et al. 2005] and interpolations with polynomials [Thomas et
al. 2008], cubic splines [Behrens et al. 2006; Di Genova et al.
2017], or smoothing splines [Le Losq et al. 2012]. While differ-
ent algorithms give baselines with different local curvatures,
the overall shape is mostly controlled by BIR placement [e.g.

Di Muro et al. 2009]. Where and how many of these should
be placed depends on the peak positions and shapes and de-
termining this in a consistent way requires prior knowledge
on the parameters that influence spectrum topology. Still, the
fact that different procedures have been proposed in recent
publications shows that this remains subject to interpretation
and is not a straightforward exercise [cf. Le Losq et al. 2012;
Di Genova et al. 2017; Schiavi et al. 2018]. Another aspect
that has to be taken into account is that Raman instrumental
setup may also influence BIR placement. For instance, grat-
ings with narrower groove spacings have higher spectral res-
olutions and produce narrower peaks than coarser gratings
(e.g. 1800 vs. 150 grooves/mm), affecting spectrum topolo-
gies. Lastly, since background shapes and intensities may
vary within single glasses (Section 4.2), it can be useful to
inspect and process spectra individually. However, a draw-
back of adjusting BIR positions between glasses with similar
major element composition is that it introduces user bias, re-
ducing reproducibility. Le Losq et al. [2012] propose grouping
samples based on SiO; content and keeping silicate region
BIR positions fixed within each group. While this improves
reproducibility, overall precision and accuracy will be lower
for glasses with variable HyO contents, since HyO dependent
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depolymerisation also affects silicate region Raman spectrum
topology. Both processing methods have advantages and dis-
advantages and which method to use depends on personal
preference and use case.

2.4 Silicate glass spectrum topology

The alumino-silicate network of glasses produces Raman
peaks in the region 200-1300 cm™!, where the topology is
controlled by the structure and composition of the glass [Fig-
ure 2; McMillan and Piriou 1982; Schiavi et al. 2018; Giordano
et al. 2020]. This region is characterised by two main bands
between 200-660 cm™! (Figure 3A, low wavenumbers; LW)
and 800—1300 cm~! (high wavenumbers; HW), with a minor
band often separating the two (medium wavenumbers; MW).

2.41 LW band

In the silicate network, vibrations of bridging oxygen (BO)
part of tetrahedral rings produce peaks with positions between
400 and 660 cm™! [Sharma et al. 1981; McMillan et al. 1994;
Neuville et al. 2014] The more tetrahedra are part of these
rings, the lower the wavenumber of the produced peak. In
pure SiOy, BO vibrations in rings with three, four and five
or more tetrahedra produce peaks at respectively 660, 485—
490 and 440 cm~! [Sharma et al. 1981; Umari et al. 2003]. In
practice this means that as glasses get more polymerised and
the silicate network expands, the envelope of the LW band
shifts to lower wavenumbers and its overall intensity increases
[Di Genova et al. 2015].

2.4.2 HW band

The HW band is made up of a mixture of peaks resulting
from stretching of TO bonds, where T is a tetrahedral, net-
work forming cation (mainly Si**, AI** | Ti**, or Fe3*) and
O non-bridging oxygen [NBO, McMillan 1984; Mysen 2003].
These stretching units are referred to as Q" units, where 7 is
the amount of BO and 4 — n the amount of NBO the cation is
bonded with, meaning a Q* unit is fully polymerised. While
specific peak positions also depend on the cation involved
[Mercier et al. 2009], they increase to higher wavenumbers
as the Q species increase from Q! to Q* [Mysen et al. 1982].
Moreover, Q™ species bands shift to overall lower Raman fre-
quencies with increasing glass Al/Si ratios, consistent with Al
substituting for tetrahedral Si [Mysen 1999]. Intensities of low
Q species peaks increase relative to higher species as molar
proportions of depolymerising, network modifying elements
like alkalis or alkaline-earths increase [Neuville et al. 2014].
The overall result is that the HW envelope of more silica rich,
polymerised glasses shifts towards higher wavenumbers [Di
Genova et al. 2015].

2.4.3 MW band

The MW band is relatively weak in intensity and commonly
attributed to motions of Si against its tetrahedral oxygen cage,
where peak heights correlate with glass silica content [Ardia
et al. 2014; Neuville et al. 2014, and references therein].

2.4.4 H,0 region

O-H stretching in OH groups and molecular H>O produces a
broad peak between 2200 and 4000 cm™! [Figure 2 and 3B;
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Walrafen 1975; Stolen and Walrafen 1976]. This peak is itself
a convolution of multiple peaks produced by OH groups with
different geometries and as a result has an overall asymmet-
ric shape, where its height and width are proportional to H
concentration [Behrens et al. 2006; Le Losq et al. 2012; Schiavi
et al. 2018].

2.4.5 Volcanic glasses

For volcanic glasses, the combined behaviour of the LW, HW,
and MW bands means that as melts change in composition
from basaltic to rhyolitic compositions, the topology of their
Raman spectra undergoes distinct changes [Di Genova et al.
2015; Giordano and Russell 2018]. A useful parameter to de-
scribe the structural and chemical properties of these melts is
NBO/T (NBO divided by the total sum of tetrahedral cations
[Mysen 1983]), where low values indicate high degrees of poly-
merisation and high silica contents and vice versa. In basaltic
glasses with high NBO/T values the HW band is located at
relatively low wavenumbers with high intensities, whereas
the LW band is located at relatively high wavenumbers with
lower intensities. As NBO/T decreases towards more rhy-
olitic compositions, the HW band shifts to higher wavenum-
bers and lower intensites, while the LW band increases in
intensity and shifts to lower wavenumbers and the MW band
becomes more pronounced (Figure 3A). The overall result is
that as glasses get compositionally more evolved, the distance
between the LW and HW band increases. Additionally, with
melt compositional evolution the intensities of the LW and
HW bands increase and decrease respectively (ie. LW/HW
increases) and Giordano et al. [2020] found that at NBO/T val-
ues below 0.2—0.4 the highest intensity band changes from
the HW to the LW band.

3 SPECTRUM PROCESSING WITH SilicH,0

SilicH0 provides a graphical user interface with all tools
necessary for quantifying H,O in silicate glasses (Figure 1).
The implemented algorithms are flexible and allow for dif-
ferent approaches to baseline correction and calibration. Im-
portantly, all parameter settings can be changed interactively
and results are shown in real-time. This allows for fast and
easy quality control and improves reproducibility compared to
command line coding tools. For many calculations, code from
the Python library ramCOH (version 1.1.1) is used and users
are referred to its documentation® for a comprehensive de-
scription of the implemented algorithms. If preferred ramCOH
can also be used without the silicH,0 interface as a Python
command line and scripting tool. Note that SilicH,0 is a
stand-alone program, does not require previous installation of
Python or any other dependency and is compatible with Mac
and Windows operating systems.

3.1

Spectra are imported from text files with columns for
wavenumbers and signal intensities. When data are saved,
they are stored together with their calculation settings and re-
sults in project files with a .h2o. Project files can hold any
number of spectra and can be exchanged and shared between

File associations

*ramcoh.readthedocs.io
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Figure 3: [A] The Raman silicate region of glasses with varying NBO/T (calculated according to Mysen and Virgo [1980]).
As NBO/T decreases the low wavenumber band (LW) increases in intensity and shifts to lower wavenumbers, while the high
wavenumber band (HW) decreases in intensities and shifts to higher wavenumbers (arrows, Section 2.4.5) - suggested BIR posi-
tions shift accordingly. Note that sample Bb107-10 has no intermediate BIRs as the LW and HW peaks are close enough together
that they overlap and signal in the MW region does not reach the baseline. [B] The Raman H,0 region of hydrous silicate glasses
with varying H,0 contents. As H,0 increases, peak intensity and width increase (Section 2.4.4). @Médard and Grove [2008],

bJochum et al. [2006], ¢Shishkina et al. [2010]

users, encouraging transparent and reproducible data process-
ing. Processed spectra, results (e.g. integrated peak areas, HyO
contents) and settings (e.g. BIR positions) can be exported as
tables in .csv format for further analyses or plotting. Alter-
natively, plots can be saved as-is, directly from the interface.
Any projects can be used to calculate calibration curves, as
long as sample HyO contents are known. Calibrations are
saved individually in .cH20 files and they can be assigned to
any project.
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3.2 Tools

From the tool bar, three main processing options can be
selected (Figure 1B): baseline correction (Section 3.2.1), in-
terpolation (Section 3.2.2) and interference subtraction (Sec-
tion 3.2.3). Interpolation and interference subtraction provide
tools for removing unwanted peaks from the glass signal and
are optional processing steps, whereas baseline corrections
will always be calculated.

3.2.1 Baseline correction

Baselines are calculated by interpolating smoothing cubic
splines between BIRs. A minimum of three is needed over
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Figure 4: [A] Silicate glass spectrum with unwanted peaks from epoxy resin removed by interpolation (sample P165-04-03 from
van Gerve et al. [2023]). [B] Spectrum of a glassy olivine hosted melt inclusion with interfering peaks from the olivine host
removed by unmixing and interpolation (sample P1052-03-02 from van Gerve et al. [2023]).

the entire spectrum, but otherwise the user is free to add or
remove BIRs. BIR location and width are changed by clicking
and dragging in the main plot (Figure 1C) or by setting exact
boundary values in the settings bar (Figure 1D). Alternatively,
they can be copied and pasted between samples, allowing for
quick and easy comparison. Smoothness of the baseline is
adjusted with the smoothing parameter in the settings menu,
which gives linear baselines as it approaches 0, while at higher
values (>1) the raw data will be followed more closely. By
giving the flexibility to adjust BIR location and amount, as well
as baseline smoothness, the user is free to implement any of
the existing baseline fitting strategies (Section 2.2). Note that
baseline corrections are applied to raw spectra; the Long cor-
rection (Section 2.2) is currently not implemented as we found
that it did not impact results. If needed, Long corrections
can still be applied using the Python methods implemented in
ramCOH (Section 3), either to raw spectra or baseline-corrected
spectra exported from SilicH,O0.

Integrated peak areas of the silicate and H,O regions and
their ratio are recalculated with each parameter change and
displayed in the results bar (Figure 1D). The results bar also
shows average spectrum noise, which is calculated as two
standard deviations on the baseline corrected signal in areas
without peaks (i.e. the BIRs set by the user). Some care has
to be taken to make sure that BIRs only contain baseline sig-
nal, as noise values are only realistic if these regions indeed
contain no peaks. Signal-to-noise ratios are then calculated for
the silicate and HyO regions each as maximum local inten-
sity/noise. HyO region signal-to-noise can be used to optimise
analytical settings; if this value is below two (i.e. when sig-
nal starts to approach the noise level), counting time or laser
power should perhaps be increased to get more signal, while
at high ratios counting time could be reduced for more effi-
cient time use. If a calibration file is linked with the active
project (Section 3.2.4) HyO concentration is also recalculated
with each parameter change and displayged in the results bar.
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3.2.2

Unwanted peaks may appear in glass spectra due to nanocrys-
talline impurities [e.g. Di Genova et al. 2017] or interference
from nearby phases [e.g. resin; Figure 4A; Behrens et al. 2006].
If these peaks overlap with the silicate or HyO regions they
will affect calculated glass HyO contents and it is therefore
best to remove them. The most straightforward way to do
this is to replace the regions with unwanted peaks by inter-
polations calculated from the rest of the spectrum (Figure 4A).
SilicH,0 allows the user to set one or multiple target regions
for interpolation by clicking and dragging in an interactive
plot. The interpolation algorithm is the same as in the base-
line correction tool (Section 3.2.1) and its parameters are set
in the same way. Interpolations are shown in real-time as the
user adjusts these parameters to best match the results with
their estimate of the unaffected signal. Note that interpolation
should only be applied when the unwanted peaks are clearly
defined and when interpreting the original unaffected signal is
straightforward. For spectra with strong interference the un-
mixing tool is potentially a better suited option (Section 3.2.3).

Interpolation

3.2.3 Interference subtraction

Signal interference from nearby crystalline phases is common
in analyses of crystal hosted melt inclusions (Section 4.1) and
may also occur in glass spectra from crystalline experimental
charges or glass-dominated volcanic rocks. However, in such
cases the interfering phase can also be analysed separately
and this makes it possible to numerically unmix the glass and
interference signal (Figure 4B).

In SilicH,0 unmixed signal is calculated by subtracting
baseline corrected inferference signal from the raw, mixed
glass signal. Scaling of the interference is numerically opti-
mised by minimising the difference (as root-mean-square er-
ror, RMSE) between the unmixed spectrum and a calculated
unaffected signal within a region set by the user. Unaffected
signal is calculated from a cubic spline interpolation across
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the minimisation region, which should be narrow and ideally
contain the highest interfering peak(s) (Figure 4B). The areas
directly left and right adjacent should be free from interfer-
ence, since these areas strongly impact how unaffected signal
is calculated and additional interference peaks present here
would give unrealistic results. Finally, the scaled interference
is subtracted from the entire spectrum, removing all associated
unwanted peaks.

To illustrate: olivine has two main overlapping Raman
peaks between 800 and 900 cm™!, as well as few minor ones
(Figure 4B). With such a spectrum the best minimisation re-
gion would be one that closely brackets only the major peaks.
If there are small discrepancies between peak shapes in the
mixed glass signal and the interference itself, large peaks may
still leave behind minor unwanted signal. In such cases inter-
polation (Section 3.2.2) can be used for additional correction.

Access to these functionalities is provided in the interfer-
ence correction tab of the tool selection bar (Figure 1B). Here,
the user first links interference spectra to their corresponding
glass spectra by importing them from text files. Baseline cor-
rections of the interference are then set interactively, identical
to the procedure for glass spectra (Section 3.2.1). Users have
the option to deconvolve the baseline corrected interference
before unmixing, which has the added benefit that decon-
volutions are noise-free. However, the user should visually
compare the deconvoluted and baseline corrected signals and
make sure they have a good fit. Further details on deconvo-
lution parameters and settings can be found in the SilicH,0
quickstart guide and the ramCOH code documentation. Lastly,
the location and width of the minimisation region is changed
by clicking and dragging it in an interactive plot, where the
calculated unaffected spectrum is also displayed and updated
in real-time.

3.2.4 Calibration

In the calibration menu, active projects can be imported and
used to calculate calibration curves. The users assigns known
H;0 concentrations to each sample and selects which samples
should be included in the calibration. Currently, SilicH,0
only supports internal calibration (Section 2.2). However, it is
still possible to use results exported from SilicH,0 for exter-
nal calibration, but this has to be done manually with other
software or code (e.g Excel, Python, R). With the internal cal-
ibration, linear regressions are calculated in SilicH,0 as:

AreaHzo

HyO=a+bx (1)

Areasjlicate

Since the calibration curve is linear, only a limited number
of calibration materials is needed in theory, but they should
at least cover the full range of expected HyO contents in the
samples to be measured. R?, standard estimate of error (SEE)
and p-value regression statistics are provided and updated as
samples are added or removed from the calibration. In addi-
tion to regression statistics, the fitted value for the intercept (a,
Equation 1) can be used as a quality check, as this should be
approximately zero. Calibration files are saved with .cH20 ex-
tensions and these files can be linked to any project and shared
between users. However, it should be kept in mind that cali-
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bration curve slopes (b, Equation 1) are specific to each Raman
instrument and calibrations should only be applied to spectra
ofbtained with the same instrument. Additionally, calibration
curves have different slopes with different spectral resolutions
and if gratings with different groove spacings are available on
a single Raman instrument, a separate calibration is needed
for each grating.

4  REPRODUCIBILITY

Accuracy and precision of results produced with SilicH,0
were tested with a validation dataset of 145 glasses. It con-
tains experiments on basalts and their residual liquids from
Médard and Grove [2008] and Neave et al. [2019] and Azorean
basaltic olivine hosted melt inclusions (MI) from van Gerve et
al. [2023]. They have 45-58 wt.% SiO,, NBO/T of 0.42-1.09
wt.%, and 0—4.4 wt.% HyO (see Supplementary Figures S1 and
S2). For calibration, a set of 13 experimental glasses with 47—
58 wt.% SiO,, 0.33-0.84 NBO/T, and 0-6.4 wt.% H,O was
used. All hydrous calibration glasses are from Shishkina et
al. [2010], with additional dry ones from Jochum et al. [2006]
and Duggen et al. [2007]. Raman analsyses were done at the
Department for Earth and Environmental Sciences (KU Leu-
ven), with specifics on instrumental setup, analytical settings
and calibration detailed the Supplementary Text. Spectra of
all validation samples are provided in the example projects
bundled with SilicH,0.

4.1 Accuracy

Raman results are generally within 0.2 wt.% of reference val-
ues, with RMSE values on the validation of 0.05-0.08 wt.%
(Figure 5 and Supplementary Data). Still, these values are rel-
ative to references values (from SIMS and FTIR) and absolute
accuracies also depend on their respective accuracies. Vali-
dation errors (AH;0, Raman — reference HyO) are normally
distributed and show no systematic under- or overestimations.
Additionally, AH,O is consistent across varying H,O contents
and glass compositions.

A subset of the olivine hosted melt inclusions showed inter-
ference peaks from the crystal host in their Raman spectra (e.g.
Figure 4B). However, after unmixing their spectra with the in-
terference correction and interpolation tools in SilicH,0, val-
idation errors were identical to those in samples free from
interference [Azores MI (unmixed), Figure 5] This shows
that with careful data treatment, even samples with unwanted
peaks can be used to accurately determine HyO contents.

4.2 Precision

Analytical precisions were calculated from repeat analyses of
a subselection of the calibration materials as one standard de-
viation (1o) on their calculated HoO contents. For all sam-
ples precision was below 0.1 wt.%, with no apparent rela-
tion with neither HyO content nor HyO signal-to-noise ra-
tio (SNR, Table 1, Supplementary Data). Precision therefore
mostly depends on data processing consistency and less on
signal strength. In practise this means that as long as H,O
peaks are visible (H,O signal-to-noise > 2), good precisions
can be expected from processed Raman data. Even single
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[ Iceland? 0.04-1.05 0.08
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=1 Azores MI (unmixed)? 0.23-1.57 0.08

Figure 5: Reference and measured H,0 in validation datasets
with basaltic glasses from "Médard and Grove [2008], ZNeave
et al. [2019] and 3van Gerve et al. [2023, under review]. For
the Azores melt inclusions part of the data were corrected for
interfering host olivine peaks by unmixing (Section 3.2.3).

analyses likely give results within 20 of real values are there-
fore reliable within 0.2 wt.%

Table 1: 1o precisions and signal-to-noise ratios for glasses
with various reference H,0 contents (wt.%).

sample H,O Hy;0 mean s n
ref. SNR H,O

N722 032 3.0 031 003 12

M7b 260 179 264 0.09 9

MI12> 395 263 391 0.08 17

M38®> 64 393 636 006 14

@Duggen et al. [2007]
b Shishkina et al. [2010]

While processing the repeat analyses it was apparent that
background signals vary in shape and intensity between spec-
tra from single glasses. To address this, each spectrum was
processed individually as even analyses from the same sample
may need different optimal BIR positions. This is especially
important in the water region, since small changes in their BIR
positions may significantly impact final calculated HyO con-
tents. While this processing method results in some user bias,
it optimises accuracy and precision (see Section 2.3). silicH,0
helps to identify these potential issues by providing immediate
results and constant visual feedback. Furthermore, BIR posi-
tions can be easily compared between samples by copying and
pasting them between each other (see the documentation®).

*https://silich2o.readthedocs.io/en/latest/
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5 SilicH,0 HIGHLIGHTS

silicH,0 makes post-processing and HyO quantification of
silicate glass Raman spectra straightforward and easily ac-
cessible by providing an interactive graphical user interface.
Quality control is quick and easy as results and processed
spectra are shown in real-time. This results in accuracies and
precisions mostly within 0.1 wt.% for HyO contents quantified
with calibrations made within SilicH,0. Interpolation and
interference subtraction algorithms for removing unwanted
peaks produce results on par with those from samples where
no corrections were needed. Overall, SilicH,0 provides the
tools for consistent processing of Raman spectra in order to
produce accurate and precise HyO quantifications.
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