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Upon entering the University of Oslo about
50 years ago to pursue a degree in physical sci-
ences a firm grounding in chemistry and phys-
ics, which introductory courses that lasted for a
full year with a single, full-day written exam at
the end of the year, was required. After about
10 months of Chemistry 101, the final exam
was a written essay scheduled to last for about
8 hours. The essay’s title given to us was
“H,0”. This event marked the beginning of a
life-long fascination with H,O in the Earth.

During graduate studies on high-grade meta-
morphic terranes in Western Norway’s fjord
country H,O was center stage. It also caused
me to move from Norway to the USA in order
to learn the intricacies of experimental petrolo-
gy. This was accomplished at the Pennsylvania
State University under the tutorship of Art
Boettcher (now Art Montana). However, most
of the experimental work carried out at the
Geophysical Laboratory supervised by Kushi-
ro-sensei who at that time was a staff member
there. The doctoral thesis addressed melting of
mantle peridotite in the presence of H,O.
Kushiro-sensei already had done ground-break-
ing experiments on peridotite-H,O to 3 GPa in
1968 and was extremely helpful. Following
graduation, our collaboration continued while a
Carnegie Fellow under the supervision of
Kushiro-sensei until 1977 when he returned to
Japan and I started a long career at the Geo-
physical Laboratory.

During this time and in ensuing years, we of
us worked together to ascertain the influence of
H,O on the composition of partial melts in the
upper mantle, its effects on the physical chem-
istry of magma, and on water as a transport
medium, in particular, as this pertains to melt-
ing processes in subduction zones. It was
found that andesite composition melt could
form by direct partial melting of peridotite.
Other researchers advocated processes that in-

volved melting of descending lithosphere, frac-
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Water — A Journey

tional crystallization and so forth. Of course,
we treated water as the single component, H,O.
It was only some 20 years later that it became
clear that slab dehydration processes release
H,0O with up to several moles of silicate com-
ponents in solution. That realization coincided
with the first experimental results from hydrous
felsic compositions indicating complete misci-
bility between silicate melt and silicate-rich
aqueous fluid under conditions such as those
near 100 km depth in the descending slab™.
The results of melting experiments with hy-
drous systems at upper mantle pressure and
temperature conditions naturally centered on
water solubility and solution mechanisms in
silicate melts. At that time, around 1980, it
was known that water in silicate melts has pro-
found effects on melt properties. Qualitatively,
those effects could be rationalized by assuming
that Si-O-Si bridges were cleaved by dissolved
water and replaced by Si-OH linkages". How-
ever, natural magma is much more complex
than simply SiO,-H,0, so we began to address
other possible interactions between silicate
components and H,O. A range of possible OH-
group combinations in hydrous silicate melts
was detected, which included Al-OH, alka-
1i-OH and alkaline- earth-OH linkages in addi-
tion to Si-OH™?). Tt also emerged that water in
melts not only dissolved to form OH-bonding
with the silicate structure, molecular H,O also

needed consideration'®

. The relative impor-
tance of these water species are strong func-
tions of both temperature and silicate composi-
tion”. In fact, water affects melt properties
more profoundly the more felsic the melt com-
position.

Current high-pressure/-temperature experi-
mental research, working in-situ with the sam-
ples at high temperature and pressure have
shown that the behavior of water in silicate
melts is quite complex and not well under-

stood. We do know now how dissolved water

can cause major variations in inter- and intra-
molecular stable isotope and element fraction-
ation behavior even at magmatic temperatures.
Water exsolution from magma during cooling
and eruption results in explosive volcanism in
fracturing because the volume differences and
viscosity effects. Those observations have im-
plications for processes ranging from the phys-
ics of magma emplacement to isotope and ele-
ment fractionation at depth in the Eart".
However, this water journey created more
questions than the current experimental world

can answer. There remain endless challenges.
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