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Fig.4 Backscatter electron
(BSE) images of the different
textural domains found in the
Izu-Bonin samples. a isolated
globule surrounded by interface
material. Red arrows point to
the rim of the globule and its
inner orbicular texture. Orb for-
mation was very heterogeneous
in this globule. Darker round-
ish orbs are surrounded by a
brighter ground mass. b Details
of the inner orbicular fabric
found in the globules. ¢ Cross-
section of the transition between
globule, interface and andesitic
groundmass. Crystallite orienta-
tion is partially preserved over
the three textural domains,
albeit with some distortion as
they near the globules. d 3D
micro-tomographic reconstruc-
tion of the globules found in
sample 19R-14/18, where struc-
tural voids (in blue) are always
surrounded by semi-spherical
globular material (in red). e
BSE image of a cross-section of
structural voids surrounded by
globule and interfacial material.
f BSE image of a structural void
that is filled with zeolite and
clay material

of the microprobe analysis of the andesitic groundmass,
as well as the absence of a clear O band in the Raman
spectra obtained from this textural unit (Supplementary Fig.
S1) suggest that it contains little to no water (less than 0.1
wt%, which is the detection limit of micro-Raman water
analysis—see Fonseca et al. 2017). X-ray diffraction of
the andesitic groundmass reveals a degree of crystallinity
of around 60 wt% + 10. Raman spectroscopy and X-ray

diffraction indicate augite is the only major crystalline
phase in the andesitic groundmass (i.e. the crystallites). The
Raman spectra obtained from the andesitic groundmass, as
well as an augite reference spectrum from the RRuff data-
base (Lafuente et al. 2016) are shown in electronic supple-
ment (Fig. S2A).

The globules are more variable in major element oxide
content compared to the andesitic groundmass. This is most
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Globule
Interface veins

Sample 19R-64/66

Fig.5 a BSE image of the interface between globules and andesitic
groundmass. Often the interface assumes a lobate or fan-like shape
expanding outwardly from the globules and into the andesitic ground-
mass. b When interface veins are surrounded by the andesitic ground-

apparent for SiO, (+ 3.5 wt%), Al,O; (+ 1.5 wt%), FeO
(= 4.5 wt%) and K,O (£ 1.17 wt%), which is related to
their inner orbicular fabric (see Fig. 3a and Table 1), which
introduces heterogeneity at the scale of microprobe analysis.
Importantly, the globules are enriched in K,O by a factor
of 30 when compared to the andesitic groundmass (0.1 vs.
~ 3 wt%). As with the andesitic groundmass, totals of the
microprobe analysis of globules are close to 100 wt% and
no water band was visible in the recorded Raman spectra
(Supplementary Fig. S1). Moreover, Raman spectroscopy
and X-ray diffraction measurements revealed the presence of
microcrystalline cpx, as well as alkali feldspar in the glob-
ules (see electronic supplement for details). Owing to low
totals, and surface charging effects, it was not possible to
identify the phases found filling structural voids and vesicles
sometimes found included in the globules using the electron
microprobe. However, Raman spectroscopic analysis identi-
fied the zeolite phillipsite ((Na,K,Ca), _,(Si,Al)3O,¢ - 6H,0)
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mass, the contact between the two textural domains is serrated or
jagged. ¢ Reconstruction of sample 19R-64/66, where the interface is
highlighted (in green), and is known to completely surround the glob-
ules (in red)

and cristobalite as major phases present in these structural
voids (See Supplementary Fig. S2). However, identification
of the matrix filling these structural voids using Raman spec-
troscopy was not possible due to pronounced fluorescence.
Given the low electron microprobe totals (ca. 80 wt%), and
the presence of Mg, Fe and Si, the void-filling matrix likely
consists of a mixture of clay minerals.

Electron microprobe measurements of the interface
yielded totals of ca. 90 wt% (Table 1). The low electron
microprobe totals associated with the interface are con-
sistent with the presence of water or another volatile (e.g.
CO,). However, neither could be confirmed using Raman
spectroscopy because background fluorescence was very
pronounced, which likely masked the presence of a water
or CO, band. Notwithstanding the low microprobe totals,
the major element composition of the interface is broadly
similar to that of the andesitic groundmass. However, it is
depleted in Na,O, as well as Cl by close to a factor of ten



