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Abstract. The speciation of iodine in basalts has been investigated by combining in situ X-ray diffrac-
tion at high pressures and temperatures up to 4.9 GPa and 1600 °C, and Raman spectroscopy on re-
covered high pressure glasses at ambient conditions. Both methods point to iodine being oxidized in
basalts, whether molten or quenched as glasses. Observed interatomic distances and Raman vibra-
tional modes are consistent with iodine being dissolved as complex iodate groups alike polyiodates or
periodates, not as IO−

3 groups. Iodine speciation in basalts therefore seems to reflect a trend amongst
halogens, with lighter chlorine bonding to network modifying cations, and bromine changing affinity
from network modifying cations to oxygen anions under pressure. In the absence of a fluid aqueous
phase, iodine could thus reach the Earth’s surface in basaltic magmas as an oxide, not as a reduced
species.
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1. Introduction

Halogens can provide key insights into magmatic
processes ranging from partial melting to volcanic
eruptions [Webster et al., 2018] if their behaviour is
fully understood from fluorine to iodine. However,
iodine is the least investigated halogen in magmatic
and volcanic processes, in relation with its lowest
abundance both in magmas [Kendrick et al., 2012,
2014] and in volcanic plumes [Aiuppa et al., 2005].
It is nonetheless an important element as it im-
pacts atmospheric chemistry through ozone deple-
tion [Solomon et al., 1994], having the largest ozone-
depleting efficiency [Cuevas et al., 2022].

As for most elements, iodine speciation controls
its solubility, transport, and eventual elemental and
isotopic fractionation between coexisting phases.
Progresses have been made towards the understand-
ing of its transfer between reservoirs, especially be-
tween magmas and aqueous fluids to assess the ex-
tent of its degassing [Bureau et al., 2000, Leroy et al.,
2019], but not on its speciation in natural magmas.
There are besides no available in situ data on iodine
speciation in silicate melts, i.e. under high temper-
ature (T ) and high pressure (P ) conditions. Avail-
able data on iodine speciation in silicate glasses have
been obtained using Raman, X-ray photoelectron
and/or X-ray absorption spectroscopies on borosili-
cate melts quenched from high P–T conditions [Ci-
cconi et al., 2019, Morizet et al., 2021], in order to
understand and better predict iodine behaviour and
eventual mobility in nuclear waste glasses. Conse-
quently, there is a lack of data on iodine speciation in
natural magmas in general, and in particular at the
high P–T conditions at which they form and ascend.

Here, we report in situ high P–T synchrotron X-
ray diffraction data (XRD) on basaltic magmas, and
Raman spectroscopy data on recovered quenched
glasses. High P are necessary to dissolve suffi-
cient amount of iodine so that its effect on mag-
mas properties can be measured, but more impor-
tantly because arc magmas that are produced at
greater depths hence greater pressures than oceanic
ridge basalts are the most relevant to investigate io-
dine speciation, due to recycling of marine sedimen-
tary components that bring iodine to the arc magma
source [Muramatsu and Wedepohl, 1998].

The choice of Saint Vincent island (Lesser Antilles
arc) basalt [Pichavant et al., 2002] and of Mount Etna

basalt (from 2002/2003 South scoria [Gennaro et al.,
2019]) was guided by the need to reflect a range of
volatile-rich basalts, with high MgO Saint Vincent
basalt being representative of one type of primary
magma in subduction zones, and Mount Etna alkali
basalt representative of later stage basalt differenti-
ated through fractional crystallization and degassing.

2. Materials and methods

2.1. Glass synthesis

Starting natural basalt samples were ground, doped
with NaI as iodine source, and with deionised milli-Q
water added in the case of Saint Vincent basalt. When
investigating the local environment of a trace ele-
ment in a magma, one must reach a compromise be-
tween lowest amount possible and detection above
noise level to avoid interaction between iodine ions
that would occur for elevated concentrations. Two
iodine levels were targeted, circa 3 wt% for the Saint
Vincent basalt, and circa 1 wt% for the Etna basalt.
Since iodine solubility increases with P , I-doping was
done at 3.5 GPa and 1600 °C for the Saint Vincent
basalt using platinum capsules welded at both ends,
and at 1 GPa and 1350 °C for the Etna composition
using gold–palladium capsules which have a lower
T -stability but prevent Fe loss to the capsule unlike
for Saint Vincent basalt that became almost FeO-free.
Having two different FeO content turned out to be es-
sential in assessing iodine local environment in the
melt (cf. Section 3.2). For both compositions, I-free
glasses were synthesized under the same conditions.
High P–T conditions were generated by a Depth of
the Earth piston cylinder press using a half inch talc-
pyrex cell assembly with a graphite heater; T was
monitored using a W/Re thermocouple, run duration
at high T was one hour.

2.2. High P–T X-ray diffraction experiments

The recovered glass from piston cylinder press ex-
periments was extracted from the platinum or gold–
palladium capsule, crushed, and loaded in either
graphite capsule (Saint Vincent basalt) or in single
crystal diamond capsules with inner graphite caps
and sealed under P by Pt–5%Rh caps (Etna basalt).
High P–T conditions (Table 1) were achieved us-
ing a Paris-Edinburgh press with cell-assembly (Fig-
ure 1) as described in Yamada et al. [2011]. This
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Figure 1. Sketch of the cell-assembly used for
in situ high P–T X-ray diffraction experiments
[Yamada et al., 2011]. Sample (inner white rec-
tangle) is packed either in a graphite capsule or
in a single crystal diamond cylinder (as drawn
here, inner diameter: 1.0 mm), covered by in-
ner graphite caps and sealed by Pt–Rh caps.

cell-assembly is designed to optimize the sample sig-
nal by using low absorbing materials along the X-ray
path (boron epoxy and hBN windows inside the MgO
ring outside the graphite heater), while ZrO2 parts
away from the X-ray path insure cell-assembly stabil-
ity at high P–T conditions. Talc powder was added
on top and bottom of graphite capsules, to act as
f O2 buffer. Temperature was calculated from power-
T curve calibrated against melting temperatures of
salts [Kono et al., 2014], and P was calculated from
the cell volume of MgO cylinder surrounding sam-
ple capsule [Kono et al., 2010]. Uncertainties on P
and T are respectively 0.3 GPa and 80 °C. While most
runs were carried at T above the liquidus, two ex-
periments were run between solidus and liquidus T
(TGH25 and TGH26).

In situ high P–T experiments were conducted us-
ing energy-dispersive XRD on beamline 16-BM-B at
the Advanced Photon Source (Argonne, USA). The in-
cident beam was collimated by tungsten slits (0.3 mm
vertical × 0.1 mm horizontal) and the diffracted sig-
nal was collected by an energy-dispersive germa-
nium solid-state detector. In the molten state, X-ray
diffraction data were collected at different 2θ angles
(2°, 2.7°, 3.5°, 5°, 7°, 10°, 15°, 20°, and 27°) thus cov-
ering up to 15 Å−1 in q-space (q = 4πE sinθ/12.398,
where E is the energy of the X-rays in keV ranging up
to 125 keV).

The multi-angle energy dispersive X-ray diffrac-
tion spectra were converted into the structure fac-
tor S(q) using analysis software package (aEDXD)
program developed by Changyong Park [Kono et al.,
2014]. The real-space radial distribution function,
g (r ), that described the short-order range structure
(i.e. interatomic relations within 5–6 Å) was obtained
by Fourier Transform of the spline smoothened S(q):

g (r ) = 1+ 1

4πr n

∫ qmax

0
q(S(q)−S∞)sin(qr )dq (1)

where n is the atomic density in atoms per Å3 (n =
NAM/ρ, with NA the Avogadro’s constant, M the
mean atomic molar mass of samples, and ρ their
mass density).

2.3. Starting and recovered samples analyses

Samples were polished for textural analyses using a
Zeiss Ultra 55 field emission scanning electron mi-
croscope (SEM) at OSU Ecce Terra, Sorbonne Uni-
versité, followed by chemical analyses (Table 1) car-
ried at the Camparis center, Sorbonne Université, us-
ing a Cameca SX-FIVE electron probe microanalyser
(EPMA) with accelerating voltage set at 15 keV, beam
current at 4 nA, and a defocussed beam (7 µm ra-
dius).

Raman spectra were recorded on a Jobin Yvon
Horiba HR460 spectrometer using a single-grating
monochromator with 1500 gratings/mm and an ar-
gon laser (514.5 nm wavelength).

3. Results

3.1. Quenched texture and composition of start-
ing and recovered glasses

Nanosize iodine droplets are observed on Saint Vin-
cent basalt starting glasses (PC82 and PC83, Fig-
ure 2a), and could either be quench products or due
to iodine oversaturation as those samples have the
highest iodine content (Table 1). Such nanodroplets
are not observed in other samples, including Saint
Vincent glass recovered from XRD experiment which
moreover was conducted at higher P (APS run 13)
than during piston-cylinder press synthesis, i.e. at
conditions of higher iodine solubility. Iodine was
thus fully dissolved in molten basalts probed by XRD.

Recovered Etna basalt samples from XRD exper-
iments, either I-doped or not, contain droplets of
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Table 1. Chemical analyses (wt%). Starting and recovered samples

Sample SiO2 TiO2 Al2O3 FeO MgO CaO Na2O K2O I Total∗

P–T conditions (Standard deviations)

Saint Vincent basalt (glass), starting and recovered samples from XRD experiments

PC82∗∗ 46.91 1.37 15.16 0.95 11.58 10.58 2.98 0.50 2.97 96.59

3.5 GPa-1600 °C (0.51) (0.27) (0.09) (0.15) (0.18) (0.08) (0.58) (0.04) (0.22)

PC83 47.95 1.36 15.57 1.24 12.33 10.94 2.84 0.46 2.90 95.59

3.5 GPa-1600 °C (0.92) (0.10) (0.47) (0.13) (0.19) (0.34) (0.18) (0.07) (0.14) (1.28)

APS run 13 47.16 1.30 15.42 0.70 12.42 10.78 2.55 0.38 2.26 93.2

4.7 GPa-1600 °C (0.86) (0.07) (0.40) (0.10) (0.23) (0.18) (0.11) (0.09) (0.19) (1.13)

APS run 26 51.14 1.14 16.52 0.58 12.97 11.57 2.41 0.48 – 97.06

4.9 GPa-1600 °C (0.93) (0.11) (0.32) (0.15) (0.16) (0.27) (0.11) (0.05) – (0.72)

Etna basalt (glass), recovered samples from XRD experiments

APS Etna2002 49.38 1.92 18.35 3.86 5.91 11.38 3.63 2.24 – 96.91

1.0 GPa-1250 °C (0.46) (0.15) (0.40) (0.37) (0.14) (0.25) (0.16) (0.24) – (0.79)

APS 20BaM19 46.79 1.94 17.31 3.88 6.88 11.49 3.82 2.06 0.80 95.20

1.3 GPa-1120 °C (0.66) (0.10) (0.29) (0.04) (0.10) (0.31) (0.13) (0.13) (0.09) (0.81)

Etna basalt (glass+clinopyroxenes), recovered samples from X-ray diffraction (XRD) experiments

APS TGH25 glass 49.73 2.00 19.20 7.04 3.55 8.40 4.73 2.91 – 97.85

3.7 GPa-1450 °C (0.97) (0.05) (0.28) (0.34) (0.09) (0.32) (0.17) (0.21) (1.19)

APS TGH27 glass 50.30 1.85 19.31 3.52 4.35 7.55 4.76 3.09 1.15 96.23

3 GPa-1550 °C (0.58) (0.11) (0.54) (0.23) (0.16) (0.17) (0.21) (0.19) (0.10) (0.17)
∗ Note that ‘Total’ does not include water content, that varies from 1.6(0.3) to 3.8(0.5) wt% as
measured only for PC83 and PC82 respectively Leroy et al. [2019].
∗∗ Data from Leroy et al. [2019]. Note that Etna basalt samples were recovered from XRD experi-
ments still embedded in their diamond capsule, hence high quality polishing could not be achieved.

metallic iron (Figure 2c), indicating reduction from
FeO. This is not observed in recovered Saint Vincent
glasses, as those contained very little FeO in the start-
ing glass (less than 1 wt%, Table 1), and remained ho-
mogeneous (Figure 2b).

3.2. Melt structure: X-ray diffraction

To investigate the effect of iodine on melt structure,
both I-doped and I-free basaltic melts were probed.
In case of co-existence of melt and crystals, the press
was moved relative to X-ray beam position until
area free of crystals could be probed. Amongst the
three pairs of I-doped/I-free runs (Table 1), two pro-
vided sufficiently high quality data to extract radial

distribution functions (APS runs 13/26 and APS
TGH25/27, Figure 3). The structure factor, S(q), of
the I-doped melts have a weaker first-sharp diffrac-
tion peak (highest intensity near 2 Å−1 on Figure 3 left
panel) compared to the I-free melts, indicative of a
lesser degree of medium-range order [Salmon, 1994],
in other words, a lesser degree of polymerisation.
APS runs 13 and 26 have different hydration levels in
the starting samples (1.6 vs 3.8 wt% H2O), which also
contributes to a lesser degree of depolymerisation in
I-doped APS run 13. However Etna basalts were not
hydrated prior to XRD experiments, but are similarly
impacted by the presence of iodine.

The effect of iodine on the radial distribu-
tion function g (r ) (Figure 3 right panel) is less
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Figure 2. SEM images of quenched glasses recovered from piston-cylinder runs and in situ high P–T X-
ray diffraction (XRD) experiments. (a) Starting sample PC82 (Saint Vincent basalt, I-doped). (b) Saint
Vincent basalt in graphite capsule recovered from XRD experiments (left: run 13, I-doped, right: run 26,
I-free). (c) Etna basalt recovered from XRD experiments (left: 20BaM19, I-doped, in diamond capsule,
right: Etna2002, I-free, extracted from diamond capsule). Bright zones are either I2 droplets (a), Pt bits
inherited from the previous piston-cylinder run using Pt capsules (b right), or metallic Fe droplets (c).

pronounced. The small contribution near 3 Å−1

on S(q) for run APS TGH27 stems from dispersed Fe
droplets in the magma, and translates into a contri-
bution peaking at 2.5 Å−1 on g (r ), consistently with
reported XRD data on molten Fe [Sanloup et al., 2000]
and with the observation of Fe droplets on recovered
samples (Figure 2c). Interestingly, we do not observe
this contribution of molten Fe for the I-free run APS
TGH25, attesting that reduction of Fe was less ex-
tensive in the I-free basalt (Table 1). Diffusion of hy-
drogen through the Pt–Rd caps, and/or diffusion of
C from the inner graphite caps, can not be excluded
as other causes of Fe reduction, but the difference
between I-free and I-doped samples is significant.

To better evidence the contribution of iodine
atoms to the radial distribution function, we used
the APS run13/26 datasets, that are not impacted
by the contribution of molten Fe to the XRD sig-
nal. The difference between reduced radial distri-
bution functions, G(r ) = 4πrρ(g (r )− 1), for I-doped
and I-free basalts was calculated after normalisation
of g (r ) to the Si–O contribution (Figure 4). Note
that while this procedure enables to evidence inter-
atomic distances, it is not sufficient to calculate ac-
curate coordination numbers. To do so, the full g (r )
should be simulated against the sum of all partial
pair distribution functions, but this is challenging for
such small differences. Two interatomic distances



6 Chrystèle Sanloup et al.

Figure 3. Right panel: structure factors, S(q); left panel: radial distribution functions, g (r ).

are visible at 2.2 Å and at 3.5 Å (Figure 4), and due
to the normalisation procedure to the Si–O contribu-
tion, we cannot exclude that distances shorter than
2 Å also exist. These contributions are either I-related
or enhanced contributions due to the presence of io-
dine. XRD is sensitive to the electrons, the inten-
sity of the signal evolves with Z 2 (Z , atomic num-
ber). Iodine being a very heavy element, its scatter-
ing is 4 times stronger than that of Fe, and 14 times
stronger than that of Si. Hence the likeliest possi-
bility is that differences on radial distribution func-
tion between I-doped and I-free basalts are due to io-
dine, and not to other elements even if their abun-
dances may vary slightly. The potential contribu-
tion of Fe–O nevertheless needs to be discussed, as
its contribution to g (r ) in a basalt is at 2.07 Å and
3.4 Å (Fe–O and Fe–Fe interatomic distances respec-
tively [Guillot and Sator, 2007]), all other main in-
teratomic distances being different (see position of
main cation-oxygen interatomic distances on Fig-
ure 3). However, it cannot be the case since FeO
content is similar between I-free and I-doped Saint
Vincent basalt, and this content is lower than 1 wt%
hence the expected contribution is very low. These

additional contributions in I-doped G(r ) can neither
be attributed to an eventual P difference between I-
doped and I-free basalts. The maximum P (4.9 GPa)
reached in these experiments can induce changes of
coordination number for some cation-oxygen bonds,
but it is way too modest to induce a contraction of
interatomic distances. Na–O for instance contracts
by 0.02% between 0 GPa and 5 GPa [Karki et al.,
2018], all other main cation-oxygen distances change
even less.

Amongst reported I–X bonds for iodine com-
pounds, the 2.2 Å distance is shorter than iodine–
iodine (2.7 Å) or iodine–metal bonds (3.2 Å–4.0 Å),
and closer to iodine–oxygen bonds reported for
crystalline iodates (1.8–2.2 Å range), the longest
I–O bonds corresponding to medium intramolec-
ular bonds with a single covalent bond character
[Gautier-Luneau et al., 2010, Abudouwufu et al.,
2020], indicative that we are not looking at IO−

3
units here (I–O bond length nearer 1.8 Å), but at
more complex iodates. The longer 3.5 Å distance
is too long for Na–I or Ca–I, but matches well with
the I–I interatomic distance in polyiodates such as
K2Na(IO3)2(I3O8) [Abudouwufu et al., 2020].
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Figure 4. The iodine contribution to the re-
duced G(r ) radial distribution function, as ob-
tained from the difference between APS run 13
and APS run 26 XRD datasets.

3.3. Melt structure: Raman spectroscopy

Some starting and recovered samples were analysed
by Raman spectroscopy (Figure 5). We note that it
is difficult to obtain Raman spectra on these natural
compositions due to an inherent high level of fluo-
rescence, and in particular in the intramolecular wa-
ter range (e.g. [2800–3600] cm−1). Iodine–iodine sig-
nature is visible on starting sample PC82, with bands
at 114 cm−1 and 154 cm−1, consistently with the ob-
servation of nano-size iodine (I2) bubbles by SEM
(Figure 2a), bands that are also observed in the I-
richest borosilicate glass in Cicconi et al. [2019] and
were attributed to NaI bonds but seem more con-
sistent with I2 signal. There is no visible iodine–
iodine nor metal–iodine contribution on any spec-
tra measured on samples recovered from XRD ex-
periments. Instead there is the systematic presence
of four small but clear vibrational bands in I-doped
samples at 615 cm−1, 647 cm−1 (this one on top of
a broader band by comparison with I-free samples),
1098 cm−1, and 1177 cm−1. Interestingly, there is also
a broad band circa 640–660 cm−1 in I-doped borosili-
cate glasses (Figure 5), albeit not discussed by the au-
thors. While we are most likely observing oxidized
iodine in these glasses, it is not in the form of IO−

3
units that give rise to bands in the [700–800] cm−1

Figure 5. Raman spectra collected on an io-
dine over-saturated sample (PC82), and on two
recovered samples from in situ X-ray diffrac-
tion experiments (I-doped 20BA/M19 and I-
free Etna2002), Raman spectra collected on I-
doped and plain borosilicate glasses (NBS20)
[Cicconi et al., 2019] are shown for compari-
son. For I-doped basaltic glasses, I2 related
modes are observed below 200 cm−1 for PC82
(grey shaded area), and iodate-related modes
are marked by asterisks. Note that PC82-Saint
Vincent basaltic composition (3.8 wt% H2O) is
less polymerised, as seen by the increased band
near 1070 cm−1. For borosilicate glasses, the
strong bands in the [740–840] cm−1 are related
to borate rings and boroxol.

range [Cicconi et al., 2019], but of more complex
iodate forms alike hydrated periodate groups. For
instance, mixed salt Cs2[I(OH)3O3]·CsSO4(H)H5IO6

has its strongest band at 651 cm−1, attributed to I–O
IO−5

6 symmetric stretching vibration [Romanchenko
et al., 2004]. The two highest Raman shift modes
fall within the range reported for δ I–O–H modes in
octahedral periodates, i.e. [1050–1190] cm−1 [Dengel
et al., 1993].
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4. Discussion

Iodine induces changes in the silicate melt net-
work structure, observed here by a lesser degree
of polymerisation as probed by X-ray diffraction,
and reported on the basis of Raman spectroscopy
on Fe-free alkali-rich felsic magmas [Faranda, 2023],
and Fe-free borosilicate glasses [Cicconi et al., 2019,
Morizet et al., 2021]. While this behaviour is notice-
able for experimental levels of I-doping in the order
of 1 or more wt%, and is a relevant property in the
context of nuclear waste glasses, it is not expected for
natural levels of I content in magmas. The network
modifying role of I however does indicate that I is not
retained passively in the voids or in the ring structure
of magmas, nor that it removes Na or K ions from the
melt oxides otherwise the opposite effect would be
observed, i.e. enhanced polymerisation.

The coexistence of reduced iodide (I−) and oxi-
dized iodate (IO−1

3 ) species in SiO2 poor (14–33 wt%
SiO2) borosilicate glasses [Cicconi et al., 2019] syn-
thesized at 1.5 kbar in the B2O3–SiO2–Na2O sys-
tem, was reported based on combined Raman and
X-ray Absorption Near Edge Structure (XANES) spec-
troscopies. However, as mentioned above, the Ra-
man data also showed vibrational modes corre-
sponding to IO−5

6 groups. More complex high P
aluminoborosilicate glasses in the system SiO2–
Al2O3–B2O3–CaO–Na2O investigated by X-ray photo-
electron and extended X-ray absorption spectro-
scopies have a large predominance of iodide species
[Morizet et al., 2021], in addition to iodates for their
most SiO2 poor composition (NH glass, 43 wt% SiO2),
although reconciling information from both types
of spectroscopies proved difficult. It is important to
note that borosilicate glasses are not ideal analogues
for basaltic melts, but they share the same charac-
teristic to have a low degree of polymerisation and
high I solubility. Last but not least, Leroy et al. [2019]
observed only I2 signals on in situ Raman spectra of
I-doped haplogranite melt coexisting with hydrous
fluid. This points out that I speciation depends on
magma polymerisation, e.g. on the SiO2+Al2O3 con-
tent, and also on its FeO content. This, in turn, could
underpin the lower solubility of I in SiO2-rich well
polymerised magmas [Cicconi et al., 2019, Leroy
et al., 2019].

The potential role of FeO is highlighted here by
the amount of reduced iron that is higher for I-doped

samples than I-free samples ran for similar duration
at high T (TGH25 and TGH26, Table 1), indicating
that FeO was the likely source of oxygen to form pe-
riodates, leading to the formation of metallic Fe. This
effect is unfortunately not clear for I-free Etna2002
compared to I-doped 20BA/M19, with similar FeO
content in the quenched glass which could result
from Etna2002 shorter run duration. In the case of
Saint Vincent basalt experiments, the starting glass
was already almost FeO free (Table 1) after piston-
cylinder press iodine and water doping using plat-
inum capsules. Hence the most obvious source of
oxygen was water for this composition.

Iodine speciation in basalts as an oxide is quite
unique amongst halogens elements. X-ray absorp-
tion spectroscopy measurements on glasses recov-
ered from high P–T conditions have mostly targeted
chlorine and bromine speciation so far. Chlorine
bonds to network modifying cations [Evans et al.,
2008, Thomas et al., 2023], in particular to Ca, Fe
and Mg, to a lesser extent to Na, and in the case of
the most SiO2 rich melts also to Si [Thomas et al.,
2023]. The higher affinity of chlorine for alkaline-
earth cations than for alkaline cations was confirmed
for borosilicate glasses [Jolivet et al., 2023]. Bromine
speciation in silica-rich magmas changes between
low P , with Br–Na bonds and a hydration shell, to
a closer oxygen environment above 2 GPa [Cochain
et al., 2015, Louvel et al., 2020] although whether oxy-
gen belongs to water molecules or to the silicate net-
work could not be deciphered. Bromine speciation
besides remains to be investigated in basaltic com-
positions. The bulk silicate Earth (BSE) contains ap-
proximately ten times more Br than I [Kendrick et al.,
2017, Guo and Korenaga, 2021], the Br/I ratio raises
in MORB and arc basalts (circa 50, [Kendrick et al.,
2014]), and even slightly more in atmospheric vol-
canic plumes (58–87, [Aiuppa et al., 2005]). Differ-
ences in Br and I speciation in magmas could, at least
partially, underpin this behaviour.

5. Conclusion

While iodine is generally thought as present in nature
either as iodide (I−), iodate (IO−

3 ), or elemental iodine
(I2), we show here that it is stable in basaltic melts
and glasses as a more complex iodate such as polyio-
dates or orthoperiodates. It is thus possible that
this peculiar speciation of iodine might have been
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missed in past investigations, in particular when us-
ing spectroscopic methods that require the collection
of data on reference materials and for which only I−,
I2 and IO−

3 were looked for. An alternative to refer-
ence materials is to use an input model, but this is
very difficult to have for non-crystalline materials. In
this respect, the X-ray diffraction method used here
is not standard- nor model-dependent. But it can
only be applied to the study of the heaviest—hence
most scattering—I element. Indeed, with solubili-
ties reaching only a few wt% in compressed basalts,
its detection is clear but remains small, demonstrat-
ing that any lighter halogen element will not be
detectable by this method. Iodine as orthoperio-
date is observed in basaltic melts generated between
1.5 GPa and 4.9 GPa in the present study, but simi-
larity in Raman spectroscopy data shows that this ox-
idized state extends to SiO2-poor borosilicate melts
at 1.5 kbar [Cicconi et al., 2019]. It does not how-
ever extend to SiO2-rich compositions, as only I2 sig-
nal was observed on Raman spectra measured on
compressed I-doped haplogranite melt [Leroy et al.,
2019], and mostly as iodide in SiO2-rich high P alu-
minoborosilicate glasses [Morizet et al., 2021].

Interstingly, formation of iodates has also been
observed during circulation of water–iodide solu-
tions through volcanic rock cores at ambient con-
ditions [Neil et al., 2020], on the basis of UV spec-
troscopy measurements. This was interpreted as re-
sulting from the retention of oxidized I by minerals in
volcanic rocks, concomitantly with reduction of fer-
ric ions. In conjunction with the present results, this
points out that future studies should be dedicated to
elucidating simultaneously the speciation of I and Fe
in magmas to fully understand I behaviour in petro-
logic and volcanic processes.
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