
readable for more than 100 million years in
the magnetic, gravitational and topographi-
cal characteristics of ridges and their off-
spring plates. But for those who depend on
direct collection of rock samples for chemi-
cal analyses to determine the composition
and origins of the rocks, the tape is ruined
within tens of kilometres — equivalent to a
few hundred thousand years — by sediment
cover. A full picture of the processes occur-
ring at mid-ocean ridges requires a ‘4-D’
view of the architecture of the oceanic lithos-
phere, the cold and hence relatively rigid
crust and upper mantle that constitute the
tectonic plate. Yet from a chemical perspec-
tive, in most circumstances we can only work 
systematically in one dimension (along the
ridge axis at zero age and at the seafloor
depth at which the rocks are exposed).  

The sequence of rock types to be found on
the ocean floor is quite systematic, and each
rock carries evidence of its origin in the
crust-forming process. The upper mantle is
dominated by rocks called peridotites. When
plate spreading draws peridotite upwards
beneath the ridge, the rock undergoes partial
melting. The liquid fraction separates and
rises to form the intrusive ‘gabbroic’ rocks 
of the lower oceanic crust and the erupted
basalts that constitute the upper oceanic
crust. The remaining solid material — the
residual peridotite — is chemically modified
by the loss of the more fusible elements
(becoming richer, for example, in chromium
relative to aluminium, in titanium relative to
zirconium, and in magnesium relative to
iron). Some of these residues of melting

eventually end up near the base of the crust
and, as they cool, become incorporated into
the lithosphere.

Rocks that have undergone melting,
together with their residues, are evident else-
where on Earth, of course — for instance in
volcanoes on land. But attempts to use them
to investigate Earth’s interior are often 
confounded by the difficulty in distinguish-
ing the source (the composition of the rock

that entered the melting region) from the
process that modified it (the extent of 
melting, the temperatures and pressures
involved, and the subsequent segregation,
migration, differentiation, and so on). Yet 
at mid-ocean ridges, the entire crust is 
constructed in one episode of melting, and
so the thickness of the crust provides a key
overall constraint on the extent of melting.
Given that there is a positive correlation
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Vema transverse ridge
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Henize 3-1475 is a planetary nebula
— an expanding shell of gas
surrounding a star that is entering
the last stages of its life (and, in
fact, nothing to do with planets 
at all). The gas shell of such an
object may be spherical, dumb-
bell-shaped or even completely
irregular, but in the case of Henize
3-1475 it is concentrated into 
two fast-moving jets that emerge
with velocities of up to 4 million
kilometres per hour. As the system
is also rotating, astronomers have
nicknamed it the ‘garden-sprinkler’
nebula.

Angels Riera and colleagues
have produced this composite
image of Henize 3-1475 
using different filters on a 
wide-field camera that is part 
of the Hubble Space Telescope.
Coupled with observations from

ground-based telescopes, their data
reveal that the fast outflow of gas
from the central star is not regular.
Instead, the gas is ejected in
clumps, roughly once every
hundred years. How the jets are
created is still a mystery, but this
clumping effect could be caused 
by interactions with a nearby
companion star, or by magnetic
processes in the central star
(similar to the 22-year cycle of
magnetic activity that creates
sunspots on our own star).

The misnomer ‘planetary nebula’
was coined by William Herschel in
1784: cataloguing these objects, 
he was struck by how closely 
they resembled (viewed through 
a telescope considerably less
powerful than Hubble) the planet 
he had recently discovered, 
Uranus. Alison Wright

Astronomy

Sprinkler system

Figure 1 Ocean deep, mountain high. Under the waters of the central Atlantic, straddling the axis of
the Mid-Atlantic Ridge, is a remarkable geological feature. The Vema transverse ridge is an exposed
section of crust and mantle rocks, rising from a depth of more than 5,000 m at its valley floor to only
450 m below the sea surface at its highest point. Mapped by Bonatti et al.1, and viewed here from the
north, the ridge is a 20-million-year chronicle of tectonic activity.
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