
29 MAY 2009 VOL 324 SCIENCE www.sciencemag.org1152

PERSPECTIVES

C
R

E
D

IT
: 
P
. 
H

U
E

Y
/S

C
IE

N
C

E

I
n geology textbooks, the fate of the

oceanic crust seems straightforward. The

ocean floor is created by upwelling of

lighter magma at spreading ridges. The

magma cools as it moves away from the ridge,

forming a stiff layer or “plate” called the

oceanic lithosphere. Having increased in den-

sity, it then descends back into the mantle in

trench regions. Precise seismic tomography

studies have revealed that many descending

slabs have a more complex evolution and have

developed tears, detached from the surface

plate, or even broken up into fragments. On

page 1173 of this issue, Obayashi et al. (1) not

only show clear tomographic evidence for the

development of a vertical tear under south-

west Japan, but have also found evidence for

ongoing plate rupturing. The authors corre-

lated the images directly with measurements

of stress revealed by active seismic sources. 

Insights into the descent of oceanic litho-

sphere come partly from seismic studies,

because the descent is accompanied by earth-

quakes. These earthquakes can originate from

regions as deep as 660 km, the bottom of the

upper mantle, where the mantle mineral spinel

transforms into the denser perovskite struc-

ture (see the figure, panel A). 

The idea that slabs do not stay intact but rup-

ture as they descend through the upper mantle

is not new. It has been used to explain obser-

vations in Indonesia (2), New Hebrides (3),

Taiwan (4), and the Alps (5). Such tears are

generally hypothesized to propagate horizon-

tally and detach the slab from the ocean litho-

sphere that remains at the surface (see the fig-

ure, panel B). Slab rupture cannot, however, be

distinguished from sharp flexure from the loca-

tions of earthquakes alone: High-resolution

tomographic reconstructions and data collec-

tion networks are needed to address such ques-

tions (6) and to observe the vertical tear seen by

Obayashi et al. (see the figure, panel C). The

first tentative tomographic indications for a

slab rupturing came from investigations in the

Mediterranean (7, 8) that took advantage of the

dense coverage of the Italian peninsula with

seismic stations. A temporary deployment of

seismographs on Kamchatka led to the discov-

ery that the westernmost tip of the Aleutian slab

has completely disappeared, which implies that

a rupture process occurred in the past (9). 

Sufficiently detailed tomography has only

recently come about after dense seismic net-

works (“superarrays”) were implemented that

deploy hundreds of stations in the western

United States and Japan. Such studies have

recently revealed that the Farallon slab under

North America is heavily fragmented (see the

figure, panel D), with some disconnected

blobs of material lodged in the transition zone

between the upper and lower mantle and some

sinking into the lower mantle (10, 11). 

However, the tear observed by Obayashi

et al. is in the vertical direction. The parts of

the slab that sink at the southern Kurile-Japan

and Izu-Bonin trenches descend together but

meet resistance at the lower mantle interface,

where they flatten and rupture apart. The

authors locate the gap in these slabs with high

precision and show how its expansion contin-

ues to generate a small cluster of earthquakes.

Their analysis points to the existence of hori-

zontal tensional stress parallel to the slab that

is pulling it apart. 

The vertical tear observed by Obayashi et

al. beneath Japan seems to be generated by

resistance at the bottom of the upper mantle.

This simple explanation is fortuitous, because

if the slab is being pulled apart by tensional

stresses, these stresses should show up in the

source mechanisms of earthquakes located at

the tip of the tear. This prediction was success-

fully tested by the authors. The breakup of the

slab beneath Japan is surprising because such

old, thick lithosphere is supposedly strong. 

A third observation by Obayashi et al., that

of seismic waves reflecting off the rupture sur-

face, is also surprising because it seems to

indicate that this surface is smooth. Old frac-

ture zones may provide the necessary weak-

ness for tearing and would account for the

High-resolution seismic tomography reveals an

active vertical tear in a descending ocean plate

off the coast of Japan. 
Slabs Do Not Go Gently
Guust Nolet

GEOPHYSICS

Geosciences Azur, Université de Nice and CNRS, 250 rue
A. Einstein, 06560 Sophia Antipolis, France. E-mail:
nolet@geoazur.unice.fr

UPPER MANTLE

LOWER MANTLE

A B C D

Modes of slab fragmentation. (A) An idealized, coherent slab stays intact. (B) A horizontal tear is driven by opposing buoyancy at
continental collision. (C) The vertical tear as observed by Obayashi et al., possibly along a fracture zone, is caused by resistance at
660 km depth. (D) Extensive slab fragmentation can occur when both processes shown in (B) and (C) occur.
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highly reflecting, specular nature of the rup-

ture surface. Yet these reflections are unex-

pected: The geometry of the trenches will lead

to compression of the slab before it undergoes

tension when flattening at depth. This result-

ing deformation of the slab—in particular, a

thinning before rupturing—is not an ideal

condition to create a smoothly reflecting sur-

face. If the reflection interpretation is correct,

it would argue against thinning of the plate

before rupturing. The tectonic situation is sim-

ilar to that beneath Kamchatka, so the process

seen here may reflect what happened there

several million years ago.

The idea of slab tears is attractive because

it can explain other related phenomena. A

horizontal tear releases the slab from drag

forces that hinder its movement. Below the

crust, tearing leads to an influx of hot mate-

rial from the asthenosphere (the region of

low viscosity that underlies the lithosphere),

which can explain both magmatic events and

vertical motions observed at Earth’s surface.

Especially during continental collisions,

when the lighter continental plate is buoyant

but the denser oceanic lithosphere tends to

sink, opposing forces of gravity provide the

tension needed to create a tear (12). 

The observed fragility of slabs has seri-

ous implications for the way the convective

process is organized in Earth’s deep interior.

Seismologists have recognized for some

time that only a fraction of descending slabs

penetrate the boundary between the upper

and lower mantle. The slab is cooler than the

surrounding mantle, and because the phase

transition requires higher pressure at lower

temperature, the slab’s conversion into per-

ovskite is delayed; thus, the slab is tem-

porarily buoyant. This buoyancy, combined

with a much greater viscosity of the lower

mantle (13), hampers slab penetration into

the lower mantle. Slab fragmentation makes

it even more difficult to pile up enough slab

mass to overcome the resistance posed by

the phase transition and by high viscosity.

Detached fragments will need to equilibrate

in temperature before changing to the

denser phase, further delaying (or perhaps

inhibiting) their sinking. The slowing of

these processes limits mass flux between

the upper and lower mantle and hinders the

cooling of Earth’s interior.

Further insights into these processes will

likely require an increase in the resolving

power of global tomography so that small

blobs can be observed individually in the

lower mantle (if they exist, they are currently

blurred into larger structures). The seismic

superarrays are a step in this direction but will

never cover the oceans. For this, tentative

efforts to observe seismic waves using float-

ing sensors are promising (14). New tomo-

graphic techniques that overcome the resolu-

tion limitations of ray theory also need to be

fully exploited.
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Genomic and cellular studies are revealing the

physiological mechanisms of symbiosis and

calcification, which are central to coral health.What Determines Coral Health?
Virginia M. Weis1 and Denis Allemand2
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C
orals are to coral reefs as trees are to

forests: They form both the trophic

and structural foundation of the

ecosystem. The trophic anchor arises from the

intimate mutualism between corals and their

intracellular symbionts—photosynthetic dino-

flagellates that fix large quantities of carbon

dioxide, making coral reefs among the most

productive ecosystems on Earth. The struc-

tural anchor comes from the deposition of

massive calcium carbonate skeletons that

form the reef architecture and serve as habitat

for a breathtaking diversity of organisms.

Central to the severe global decline of coral

reefs (1) is the dysfunction and collapse of

both symbiosis and calcification in corals due

to environmental stressors imposed by cli-

mate change. Insights into the physiological

mechanisms that underlie healthy as well as

stressed corals (2) are thus critical for predict-

ing whether—and if so, how—corals will

cope with rapid environmental change.

Genomic studies have shown that the

genomes of early evolved animals such as

corals are unexpectedly complex and remark-

ably similar to those of vertebrates (3). It now

seems that complexity is the ancestral condi-

tion and that more recently evolved inverte-

brates, such as worms and flies, have over evo-

lutionary time developed derived simplicity.

The complexity in corals is evident in cellular

pathways central to both symbiosis (4, 5) and

biomineralization (6). This information is

providing a new foundation for developing

testable hypotheses on coral physiology.

How do healthy corals maintain a stable

partnership with their symbionts (see the fig-

ure, panels A and B), and how does this sta-

bility collapse under environmental stress?

Similar questions have been posed for years in

other better-studied host-pathogen and host-

parasite interactions (7). Investigations of

corals can be modeled on these studies. For

example, which interpartner signaling events

occur during initial contact between the part-

ners? Does the host mount an innate immune

response that is in turn modulated by the

invading symbiont? And how does interpart-

ner signaling and regulation change during the

dysfunction and collapse of a symbiosis?

Recent studies in corals and anemones

have started to address these questions. Initial

interpartner lectin-glycan signaling events—

so well described in other host-microbe inter-

actions (8)—are present in corals during the

onset of symbiosis, and a wide array of lectins

have now been described in anemones (9). It

remains to be shown to what extent these

events confer interpartner specificity and

whether there are other signaling mechanisms.

Once inside the host cells, symbionts alter host
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