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Realistic models of Earth's shifting plates strengthen the case that the tug of old ocean floor 

sinking into deep trenches is what powers most plate motions 

L 

T h e  realization more world suddenly change direction at intervals than setting up a circulation in the viscous 
than 25 years ago that ev- of tens of millions of years. mantle rock that would tug the plates over a 
ery spot on the planet's sur- At least the field of candidate driving forces broader area 

face is moving shock up geo- may be narrowing. Besides slab pull, re- Researchers would much rather build a 
physics and geology-anddii11ed a host of searchers have been considering two orhers: more realistic Earth model that can generate 
mysteries. The Himalayas rose because India drag from the flow of the uppermost mantle, its own driving forces based on the interplay 
is slamming into Asia; the earthquakes com- which could shift the plates much as boiling ofgravity, density, mantle viscosity, a;nd other 
mon around the Pacific Rim take place 

1 
factors. In 1981 Bradford Hager of the 

because slabs of ocean floor are slipping Massachusetts Institute of Technology 
into ths mantle at deepsea aen~hes; and Observed motions and O'Connell used presentday plate 
the strange ridges that wind &rough the : arrangements to build the first such 
world's oceans are the geobgic wounds 8 model. The model included a circulating 
where the crust is spreading apart. 8 mantle and simulated the a c d  physical 

But in spite of all the mysteries this pnx:eses of plate motion-cmt sliding 
picture of moving tectonic plates has 2 @way fmm ridges and slabs sinking, stir- 
solved, it has a central, unsolved mystery B ring the manth as they go. It then alcu- 
of its own: What drives the plates in the lated the contribution of each of the three 
first place? " m a t ]  has got to be me of Q driving forces. The result: Slab pull and 
the more fundamental problems in plate 8 ridge push lxh mmed to @ at 4. 
tectonics," nates gedynamkist Richard Now two goups-Richards and 
O'Connell of H m d  Univmity. "It's pwiw a Carolina Lithgow-Bertelloni of the Uni- 
interesting it has stayed around so long." versity of Gattingen, Germany, and, in- 
Judging by recent work, though, it won't dependently, Vineent Deparis of the 
stay around forever. University of Smsbourg, France, and his 

On one level, why the plates move is colleagues-have extended this ap- 
no mystery at all. Plates are just the upper proach to take advantage of improved 
limb of a vast, heat-driven circulation knowledge of past plate motions. They 
system that stirs the planet to its d+. built physical models of Earth that gen- 
But pinpointing where the forces that erated their own pbte-driving forces, 
actually move the plates are ccmynzza* then tested their realism by applying 
has beendifficult, g i v e n r e w x e w h  them to the various configurations of 
view of Earth's interior and thc $tsf.ibed plates that existed as much as 200 mil- 
ability of computer models to &&late shiny planet. A moders s i m u m  of @ate motions over lion years ago. Guided by reconstruc- 
the planet's complex dynamics. Waw b the last 10 million years (botfm) ma- real plate mo- tions of trench positions from the geo- 
most realistic computer models of pbte @i& the gedogic r m  fairfy well. logic record, the modelers sank slabs into 
motions to date have strengthened the their models' mantle. They then alloived 
case for one of the front-running &wing w e r  roils a scum-covered surface, or a push the plates to move and compared the results 
forces. Says Mark Richards of the Urn* delivered by newly formed oceanic plate as it with geologically determined motions. 
of California, Berkeley, who helped d d p  slides& the midocean ridge where it formed. In both models, the plate motions closely 
one of the models, "We tried to show e f d y  Or perhaps some combination of mantle matched the geologic record at a halfdozen 
that the mab driving force is slab,* churning drag, ridge push, and slab pull is at work. times in the past. And in both cases, slab pull 
the mantle as they sink into trendresad thus Iii most attempts to find out which driv- seemed to be the dominant driving force. 
dragging the plates along. ing force predominates, researchers have When Lithgow-Bertelloni and Richards 

Other researchenagree that the modelers built models that snrrt with assumptions separated the effects of slab pull and ridge 
have strengthened the case for slab pull. about what the driving brces are and where push, for instance, they found that the model 
Even if these simulations hold up, however, they operate. They then run the models to slabs accounted for 95% of the net driving 
they don't solve the full mystery of plate see whether thesimuhred plates move in tke force. Ridge push came in at 5%. Slab seem 
motions. At the same time as the computer right directions at the ri&t speeds. These to owe their effectiveness, says Richards, to 
models support slab pull, one group of re- empirical models have tended to point to their hi1it-y to drag on the mantle as well as 
searchers is saying that peculiar stirrings of slab pull -rrs Ehe strongest force moving the the leading edge of the plate. 
the mantle beneath South America imply a plates. But earth scientists don't regard those "I think (the outcome] confirms the basic 
different driving force in that part of the iT!SdtS as conclusive, in part because the resuLts" of earlier models, says Sean Solomon 
world (see story on p, 1215). And Richards models generally include simplifications thst of the Carnegie Institution of Washington's 

I 
notes that he and his fellow modelers still may be d i s t i c .  One is the assumption Department of Terrestrial Magnetism, not- 
can't explain a mystery related to the plate- that as slabs sink into the mantle, they pull ing that the new models' realism makes the 
driving ~roblem: Why ~lates  in the real otily on the leading edges of plates, rather case for slab pull more persuasive. But 
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Solomon. O'Connell, and others are auick to I PLATETECTONICS 
point outthat the models don't match'reality 
perfectly. At times they generate unrealisti-
cally high stresses within the model plates or 
stretch the plates when the geologic evi-
dence suggests they should be under com-
pression. And the models don't simulate the 
behavior of plate boundaries other than 
ridges and trenches. 

That's a major shortcoming, say Richards, 
Deparis, and others, because these bound-
aries may be the key to understanding what 
steers the plates. "The great mystery," says 
Richards. "is what forces of resistance are 
modulating the motions of the plates." Plates 
can k e e ~moving in the same direction for-
tens of millions of years only to change 
course suddenly, as the Pacific plate did 43 
million years ago, when its heading changed 
by 60' in about 1 million years. Because the 
mantle is so viscous, descending slabs could 
hardly shift their position that quickly. But 
another kind of boundarv could exolain this 

of long stability followed abrupt 
change. savs Richards: transform faults such 
as t h i  5an '~ndreasfault, where plates slide 
Dast each other. 

Such transform boundaries could act as
2 "tongue-and-groove"guides,suggest Richards 
2 and Dave Engebretson of Western Washing-
2 ton University in Bellingham, allowing easy
2 motion in one direction but resisting any 
3 shift away from that direction. If the slowly
5 changing pull of a slab or the growing resis-
2 tance due to a collision between one plate
5 and another ~usheda transform fault to the' point of failire, however, one of the two 

~ l a t e smight dive under the other. and the" 
transform fault could turn into a new 
trench. Such an a b r u ~ tchange in motion-
from along a boundary to across it could have 
led to the Pacific plate's sudden course 
change, says Richards: "I just don't know 
which transform fault did it." 

Current models can't simulate that kind 
of behavior, but still more realistic model 
Earths might give Richards his answer. They 
will have to simulate both the churning of 
the mantle and the behavior of the brittle 
plate boundaries, including transformfaults-
and that will take both increased com~utine* -
power and new modeling techniques. Until 
then, the puzzle of the plates will have a 
missing piece. "Until we have a model that 
reproduces" the complexity of reorganizing 
plates, says O'Connell, "we really won't un-
derstand the forces driving them." 

-Richard A. Kerr 
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I . .  But Did Deeper Forces Act 
To Uplift the Andes? 
T h e  Andes shouldn't be there. Plate tec- That's contrary to con-
tonlcs makes the world's ereat mountaln vent~onalth~nklng,wh~ch 
ranges by slamming two continents together, holds that plates d ive  them- '-~--.~~."' 
as Europe collided-with Africa to make the 
Alps or India ran into Asia to make the 
Himalayas. South America, however, is 
collidingwith nothing more than the floor of 
the Pacific Ocean, which is slipping be-
neath the continent into Earth's interior. 
Such encounters between continent and 
ocean ordinarily throw up a few volcanoes, 
not a 7000-kilometer-long wall of moun-
tains. But Paul Silverof the Carnegie Institu-
tion of Washington's Department of Terres-
trial Magnetism (DTM) and his colleagues 
believe that by seismically probing deep be-
neath South America, they have stumbled 
on the answer to the origin of the Andes. 

South America, 
they say, is driving Start 

selves, largely by sinking into Earth's inte-
rior at the end of their lifetime (see story 
on p. 1214). 

These unorthodox notions started to 
take root when tectonophysicist Raymond 
Russo of the University of Montpellier in 
France and seismologist Silver applied an 
emerging seismic technique for plotting 
mantle flow to the region west of South 
America. Flow in the upper mantle tends to 
line up mineral crystals in the rock to create 
a "grain," like the grain of wood. That  
grain can split a seismic shear wave-a wave 
that vibrates rock from side to side along its 
direction of travel-into two, because shear 

20 Million Years 

gists] working in the Andes be-
The big push. In a computer model, mantle rock flowing into 

lieve says a triangular "continent" for 20 million years (bottom) pushes 
Susan Beck the University up an Andes-like mountain chain (top).
Arizona, "whether [Silver and 
colleagues are] right or not, it 
sure generates a lot of interest." waves have two components that have dif-

Silver, who has been talking up the idea ferent speeds along a rock's grain. Russo 
at recent geophysics meetings, isn't dis- and Silver were able to use this shear-wave 
couraged by the skepticism. Just for good splitting to plot the flow of Pacific mantle 
measure, he recently extended the concept where the floor of the Pacific is diving under 
to North America as well, where the broad South America. 
high country in the wrest has also long pre- According to theory, such subducting 
sented a conundrum. And he is invoking yet ~ l a t e scarry the surrounding mantle down 

1 another unconventional idea to explain why with them. Ifso, the mantle to the west ofthe 
South America is hurrying westward in the subducting plate should have been moving 
first place: It's being dragged by a current of eastward and downward, with the plate. But 
mantle rock flowing beneath the continent. as Russo and Silver reported a year ago in 
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