‘New plates, rates and dates

Jean-Bernard Minster

In the late 1960s, McKenzie and Parker’
and Morgan® advanced the theory of
plate tectonics, which proposes that the
Earth’s surface is covered by a mosaic of
large plates that behave rigidly over geo-
logical time and move relative to each
other in response to convection currents
in the Earth’s mantle. This theory quickily
gained acceptance, particularly amongst
geophysicists, and in 1968 Le Pichon put
together the first self-consistent model to
describe the relative motions of the major
plates’. Second-generation models soon
followed", and third-generation models
were published a decade Iater, i 1978"".
DeMets et al." have now produced a
revised model of plate motions that is
sure to become a new standard and will
probably remain so for years to come.
This fourth-generation model, labelled
NUVEL-1, crowns nearly a decade of
effort by R. Gordon, S. Stein and their
students, with the aim of improving our
knowledge of plate kinematics 1 various
regions of the world, NUVEL-1 describes
the ‘instantaneous’ relative motions —
that s, averaged over the geologicaily
brief interval of the past 3 million years
— of 12 major plates, and remedies most
of the problems identified over the years
with earlier models.

NUVEL-1 is derived from three basic
data types: 277 spreading rates of new
oceamic crust created at mid-ocean ridges
{estimated from magnetic anomalies),
121 directions of relative plate motion
(obtained from the azimuths of transform
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faults, which offset the ridge crest in many
places) and 724 earthquake slip vectors: a
total of 1,122 data points distributed
along 22 of the 30 plate boundaries in
the model. This represents more than
a threefold increase in sampling over
carlier data sets. (As in previous studies,
data from continental plate boundaries
are not used because of the geological
complexities associated with deformation
of the weak continental crust.} NUVEL-1
accommodates all the data extremely

well, and is consistent with the hypothesis
that major plates behave ngidly on a
million-vear timescale.

.. The differences between NUVEL-1
and previous models are significant,
Whereas India and Australia have tradi-
tionally been assumed to belong to the
same large plate, DeMets ef al. use two
plates, separated by an east-west equa-
torial zone of diffuse deformation (see
figure). The NUVEL-1l relative plate
veloaities are generally slower, by about
10-15 per cent, than previous estimates.
In particular, thorough reanalysis of the
magnetic anomalies aiong the East Paci-
fic Rise has led to spreading-rate esti-
mates nearly 25 per cent slower than
previous ones. This has important conse-
quences. For example, consider the San
Andreas fault in California: geological
and geodetic observations show that it
slips at a rate of 3¢ mm yr™* in central
California, but the rigid-plate models in
use until recently called for 58 mm yr™'
of relative motion between the North
American and Pacific plates. This so-
called ‘San-Andreas discrepancy’, which
‘has puzzled geologists for nearly 20 years,
is a‘considerably less severe problem with
NUVEL-1, which predicis a plate slip
tate of just 48 mm yr™'. In parucular, the
apparent need for significant slip on
faults other than the San Andreas along
the central Catifornia margin® has been
lessened substantially. The concomitant
reduction in estimated seismic hazard,
along a coastline that harbours such sen-
sitive facilities as the Vandenberg Space
Shuttle Launch Facility and the Diablo
Canyon nuclear power plant, is of no
small impaort.

By any measure, plate tectonics has
been a tremendously successful theory,
and almost all Earth scientists now
depend on the availability of a reliable
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Data {ocations and plate geomelry for the NUVEL-1 model®. Regions marked with ver-

tical lines ndicate diffuse plate boundaries (between North and South America and between
India and Australia). Abbreviations of plate names are: Cocos (CO)}, Caribbean (CA}, India (IN),
Arabia (AR}, Philippine (PH) and Juan de Fuca (JF}.
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plate-motion model. For mstance, geolo-
gists need such models to provide kin-
ematic boundary conditions in studies of
continental deformation zones such as
Tibet or the Basin and Range. Geo-
dynamicists use plate velocities as bound-
ary conditions n calculations of mantle
convection,

But the group who might benefit most
directly 1n the short term from an
improved plate-motion model may be
the geodetic community. Space-geodetic
techmques such as very-long-baseline
interferometry and satellite laser ranging
can be used to measure the distance
between America and Europe to within
10 mm or so, vanations in the length of
day to (.05 millisecond, and the directian
of the wobbling axis of rotation of the
Earth to 1 milliarcsecond (that is, the
position of the pole to within 30 mm); but
to do 5o, one must account for long-term
tectonic motions". Explicit corrections
must be made for plate motions, and
departures from the 3-million-year aver-
age mouons show up in the data. One of
the exciting achievements of the past
decade is the demonstration that plate
mations can be measured directly by

- space geodesy over intervals of a few
-Yyears, and that these ‘current’ plate

motions agree very well with geological
ones. In fact, in a foew cases such as the
western Umited States where abundant
data are available, the 5-year space-
geodetic average is in better agreement
with NUVEL-] than with previous models.

Finally, on a tectonically active planet
such as the Earth, where every point of
the surface 1s in constant motion, the very
choice of a convention to define a planet-
ary coordinate system that is stabie to the
necessary degree of accuracy 1s not poss-
ible without selecting a certain piate-
motion model, This piate model then
becomes an intrinsic part of the definition
of the planetary coordinate system.
DeMets et al, have provided such a
maodel, and since the enormous amount
of work that they have done 1s unlikely to
be repeated in the near future, NUVEL-{
15 a good candidate for a plate-
motion standard. 0
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NUVEL Cuisine: Platefuls of Data for Earth Scientists
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one of the oldest questions in geology,” he
says. “How does what we see on a human
time-scale compare to what geologists ex-
amine over tens of millions of years? The
answer 1g that, to an amazing extent,
they’re the same” (see also R.G. Gordon
and 8. Stein in Science, 256[50551:333-42,
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g things like laser diodes, whach, as
paper #5 reports, came along about & year
later. The laser diode was the first ever
made 111 thns class of matenal, and the p-
type doping was the fundamental build-
myg block that was required to malke it.
Before practical laser diodes can be made
in this materal, however, there are a cou-
ple of basic challenges remaining. One 15
malang good, low-resistance contact to
this new p-type zinc sejenide--that is, fig-
uring out how to put a metal on it and get
electricity through it. The other challenge
is improving the quality of these mater:-
als so that they work for a practical
length of time.”

A report on photoluminescence 1n po-
rous silicon, by L.T. Canham, Royal Sig-
nals & Hadar Establishment, Great
Malvern, U.K,, has now moved into the
top spot. This paper entered the chart in
sixth position only last period. “The
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enormous interest 1n this phenomenon,”
Canham has recently written, “is likely
to result 1n further dramatic progress
within the next year, both in our under-
standing of the physics and chemistry
involved, and [in] potential exploitation....
There 15 a great deal of effort directed at
fabrication of more ordered forms of lu-
minescent porous Si. [Only} time will tell
if silicon does indeed have an even
brighter future” (see L. Canham in Phys-
ics World, 5[3]:414, March 1992).

NASA's Cosmuc Background Explorer
(COBE) has now flown onto the chart.
Paper #7 is a prelimmnary report from
1990 on the cosmic microwave back-
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ground spectrum. More detailed infor-
mation from COBE, announced to the
media [ast April, caused a sensation
worldwide for what it seemed to reveal
about the early universe (see also Set-
ence Watch, 3{51:3-4, June/July 1992).
Citations to this preliminary report
carne from more recent papers that dis-
cuss the new data.

Rounding out the rest of the Top Ten
are reports on thermalization of pho-
toexcited carmers in gallium-arsenide
semiconductors {paper #8), on evidence
for the 17 KeV neutrino (#9), and, 1n
paper #10, on string theory and black

holes by Edward Witten.
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A Better Fit for the
Plate Tectonic Puzzle

Reanalysis of geophysical data helps reconcile estimates of San
Andrens faunlt motion and veduces the eorthquake hazard

or 13 vears there was no agreement

on how fast the plies are moving

along one of the world'’s most studied
plare boundanes, the one n Calitormia be-
tween the North American and Pacific plares
that 15 called the San Andreas tauir, Bur a
recent resradvsis of evidence fromy the sea
Hoor greardy reduces and possibly elimmares
the diserepancy beoween direct, land-based
measurciients of recent plate moenon and
more mdirecr, marine nrasurements ot mo-
non during the past tew million vears. Irabso
reduces estimates of the likelthood that off-
shore faults paralleling the San Andreas will
rupture in dumaging carchgquakes.

The problem had been thar dhe rate ac
wiuch the opposing plates slip past cach
other o the San Andreas seemed o dupend
on low oae nwasured  faule mooon, 1Fa
paleosesmologst measured  the slippage
durning, the grear carthquakes of the past feaw
hundred vears or a geodesist measured the
imperceptible strammg o one plate edge
arunse the other during the paste decade, the
recent rate appeared to be aboue 35 milline-
ters per vear. Bur geophvsicists, using ove-
denee from the ocean crust o deternune
velocioes and direenions ot monon of all the
glabe’s plases durmg the past few million
vears, came up with relanve monon beoween
the Pacibic and North Amernican plites of 56
to 60 millimerers per vear,

Taking accotmt ot the skewmng effeer of
crustal extension centered on Nevada, the
diference beeween the two opes of mea-
surcienss, known as the “San Andreas dis-
crepancey,” canie o about 15 millimerers per
vear. Bernard Minszer of Scence Horzons
wy Encimtas, Calitornsa, and Thomas jordan
ot the Massachuserrs Insoicuze of Technolo-
gy, whose 1978 maoded of global plage mo-
pons has been the scandard of the fickd,
atrribured the discrepaney to a combinanion
ot crustal compression perpendieudar o the
San Andreas and strike-slip, San Andreas -
fike wmotion on faules paralicling the bound-
arv to the west, They recentdy esumated the
compression o be abour 9 aullimerers per
vear, which would account for the crum-
pling across the tault evadent n such places
a central Calitornnas Coast Ranges. '

Uhe siee or sites of the nussing serike-ship

i

moton, amounung o 13 = 5 millimeters
per vear, was not so clear, bur Minster and
fordan suggested the San Gregono-Huosgn
fault svstem that runs just off the coast from
south of San Franasco o Pomne Argucllo
north of Santa Barbara, I all the missimg
motion were o oceur there dusing taule
ruprures, cnough large carthquakes would
result to make that faule one of the most
acoive 10 Califorma, Thar would be all wo
active tor coastal residents and the contro-
versial Diablo Canvon nuclear power plant
on the coast near San Luis Obispo.

A California crumpile. 1/ Coast
Ranges are mr pare vased by plate wotians
thar are nor pavallel to the San Andreas
Jaads.

Thurgs mav not be thar bad atter all. A
group ar Northwestern Universuy now be-
lieves that ws new model of global place
motions greatly reduces the San Andreas
discrepancy and the consequent seisnue haz-
ard. Chages DeMets, Richard Gorden, Seth
Stein. uwd Donald Argus have updared and
reattalvzed the oecan crust daca, such as plare
spreading rages determined from magneue
lincations and plate direenons derived trom
ranstorm fault oncntanons. They tound
about the same amoune of compression across

the San Andreas as did Minster and Jordan,
bur oaly about 5 millimerers per vear of strike-
slip motion, That “implies that lirle strike-slip
motion need be accommodared on faults west
of the San Andreas ... 7 according o the
group.

The protracted debate usuallv involved in
a challenge to an entrenched model will nor
materialize 11 dus case. The Northwestern
model has nvo small but particularly signifi-
cant changes that have convineed Minseer
and Jordan ar least that 1t 15 the preterred
model. One change 5 1 the rawe at which
slew ocean crust 1s formung m the Gulf of
Californa. The Northwestern group ana-
Ivzed seven magnene probiles across the Gulf
of Calitorna that reveal the rase of crustal
tormanon recorded as new crust cools and
locks 19 Earth’s Hip-foppng magnene ficld.
Thew interpretacion produces a spreading
rate of 48 millimeeers per vear versus carlier
merpretations of single profiles suggestng
58 or 65 millimeters per vear.

In addinon, the Northwestern group
tound an maccuracy 1 the drafung of 4
tigure m a 1971 paper used by Minster and
Jordan w derve the rate of monion berween
the Pacific plae and the Cocos plate, the
small, crrangular plare ticked aganse Cengral
Amenca. The resuftmg 10% errer. which
was not i the orgmal dara, caused a 10%
decrease 1 the relanve monon of the Pacitic
and North Amerncan plates.

The San Andreas diserepaney s clearly
sanaller now, bue st may still not be negligr-
ble, nores Tordan. “This obviously reduces
the amount of strike-slip moton, roughly by
a factor of 2,7 he savs. “Bur chere’s sull a
potenenal | tor significant seismie acenaev].
The uncerrainnes are large enough thas the
mussing slip could be 0 or 10 millimeters per
vear. That's o big datference. Pd hate o see
people become complacent and dunk we
have no problem. We reaily need some
firsthand, direct observanons.”

Usetud direct observations are nor thar tar
off, Widelv spaced geodenc measurements
v the sacllite laser ranging svstem that
seemied o support a large discrepancy (Sar-
ence, 10 JTanuary 1986, p. 116) are now
consistent with a smaller ditference. Anows-
pated measuremenes using the sarellires of
the global posinoning svstem, says fordan,
should be accurate enough and  closely
spaced enough ro resolve the quesnon ance
and tor all. = RicHarb A, Kerr
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