
understanding the role of volatiles in the 
regulation of magma production2, transport
and explosiveness, as well as mantle viscosity3.

The process of volatile oversaturation in
magmas is much like the effect of reducing
pressure by opening a container of carbonat-
ed drink: as a magma rises, its volatiles come
out of solution, forming buoyant bubbles
that separate from the liquid and are to some
degree lost. Geochemists have solved this
problem for water and chlorine in mid-
ocean-ridge basalts (MORBs) by examining
submarine ‘glasses’ — rapidly cooled
(quenched) liquids that were erupted under
several hundred atmospheres of pressure on
the sea floor, and retain all of these gases 
in solution. But the problem has remained
for CO2, because it typically becomes over-
saturated even while the magma is still deep
inside the Earth4. Seafloor pressures are usu-
ally insufficient to keep it in solution. (Simi-
lar problems still plague measurements of
water, sulphur and chlorine in basalts that
erupt at subduction zones.) 

Saal et al.1 got around the problem of
oversaturation by analysing a peculiar glassy
MORB (Fig. 1) from the Siqueiros fracture
zone. This is a fault zone that separates long
volcanic segments of the East Pacific Rise,
part of the global mid-ocean-ridge system.
They selected this particular lava because 
it has extremely low concentrations of 
elements such as potassium and niobium5,
implying that it would also have very low 
initial concentrations of volatiles, as they
tend to follow these elements into the liquid
during mantle melting. It also had erupted at
great water depth, so here was a chance to
obtain a magma that had not crossed the
threshold of volatile oversaturation. Besides
measuring CO2, the authors determined 
levels of sulphur, chlorine and water. These
are of interest, but the real prize was the CO2. 

Saal et al. also analysed melt inclusions —
tiny samples of liquid that became trapped at
depth in crystals of olivine and were carried
up by the magma. Most MORBs are thought
to form by the coalescence of many small
batches of liquid of diverse composition:
some of them are rich in potassium, niobium
and volatiles, others are depleted in these
species. Melt inclusions are thought to cap-
ture this diversity before it is obliterated by
mixing, but this idea is controversial. The CO2

contents of the Siqueiros inclusions and host
glass show nice correlations with elements
such as potassium and niobium, trends that
are usually destroyed by magma degassing. 

Carbon dioxide content has been
measured less directly in another special class
of undersea glassy rocks6,7 — lavas that were
so gas-rich that they were erupted and
quenched, and so still contained myriad bub-
bles. The authors concerned assumed that
there had been insufficient time for the lavas
either to lose or to accumulate bubbles before
they became frozen in glass, and they recon-

structed the original dissolved CO2 content
from measurements of CO2 in glass and in
bubbles. It is comforting to see that an extrap-
olation of Saal and colleagues’ trends using a
constant CO2/Nb ratio projects to the CO2

contents predicted in one of these papers6. So
this ratio can potentially be used to predict
the concentration of CO2 in any MORB
magma. From this point, it becomes possible
to estimate the magma CO2 output to the
exosphere, both now and at particular times
in the past. Scientists who model climate
change can better evaluate whether intense
volcanic activity in the past, such as the rapid
creation of the mammoth Ontong Java
Plateau 120 million years ago, could have
supplied enough CO2 to the atmosphere to
drastically alter Earth’s temperature8. 

There is no guarantee that the CO2/Nb
relationship observed by Saal et al. will hold
everywhere. In fact, deviations from that
relationship would provide helpful clues
about the heterogeneity in the mantle result-
ing from recycled subducted sediments, crust
or primordial volatiles (as do variations in 
the water/cerium ratio in MORBs9). A more
serious issue is whether Saal et al. are justified
in using their measurements to calculate
volatile concentrations in the upper-mantle
source of MORBs, which is thought to be a
major Earth reservoir. Is the Siqueiros lava,
which is so highly depleted in melt-loving 
elements and volatiles compared to other
MORBs, truly representative of this reser-
voir? The lava erupted in a fracture zone, not
along a volcanic ridge segment, which is
uncommon. It is possible to devise kinematic
models in which lava forms in fracture zones
by the remelting of recently melted mantle as
it passes by its adjacent ridge segment. Deter-
minations of volatile concentrations in addi-
tional rare, highly depleted glasses will help to
confirm the ratios of CO2/Nb and other
volatiles, but the question will remain about
how representative these samples are of the
MORB reservoir. 

Measurements in highly depleted melt
inclusions from normal MORBs may help to
resolve this issue. For the moment, however,
Saal and colleagues’ ratios provide the best
way of estimating the original concentra-
tions of CO2 in magmas. n
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NASA’s latest mission is somewhat unusual. 
The NASA Art Program has launched ‘Copernica’,
a collection of specially commissioned artwork
reflecting the wonder of the human adventure 
in space. But this online gallery is a little different:
you can explore the collection interactively by
navigating through a universe interpreted by
artists. The images shown here are (from top):
Doorway to Space, a “surrealistic view of the ever
expanding vistas of space” by Patrice Breteau;
When Thoughts Turn Inward by Henry Casselli,
showing astronaut John Young waiting 
to board the space shuttle Columbia for its 
first launch in 1981; and Martin Berkon’s 
Jupiter Fly-by, inspired by Voyager 2’s images of
the planet. Alison Wright

Copernica is at 
www.hq.nasa.gov/copernica/index.html
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