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inbenew positions, These
pressures set the plates con-
stantly in motion, sliding
over, under, and past each
ether at abour the speed
your fingernails grow. The
matons of the plates cause
vibrations thar are called

lil Fl‘#lﬂlﬂ:‘l Arg =

Tﬂﬂ#lhﬂﬂ“ﬁ'pmhﬂ.h

1,

Many thayua J
quakes hagp ﬁ
v aFhe sa. ‘ b

: § . - m.ﬂ
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new research oo farthy
quakes, We'll gravel from:
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HNan Lis sxplores & major surfscs brank causad by safbgeakes,
“up eloss and parsonal.”

@® / still get scared of
earthquakes, even as a
scientist, because | don't
know enough about them....
In the future, we hope to get
some clues as to what
the sequence of an

earthquake is. 99

dian Lin

TERRANE

Scientists Try to Understand the

Causes of Earthquakes—by Deborah Kovacs

struck the city of T'an

Shan. in the narthern par
of China. The ciry was just
abour destroyed by an earth-
quake that registered magni-
mide 7.8 an the Richrer Scale
I FFF lﬂr\-’_‘i:'{' E_. "-{l.'ll; rhan
250,000 people were killed.
Many maore were injured.

In 1976, a termible disaster

T hu'mgh-.'u ur the coumary.

l,"cl_lpll_' were terr fied,

At the time, a fifteen-yea
odd by named |ian Lin was
living in & <ity called Fu
Ehou, oit Ching’s sourthern
coast. Materals were desper-
sredy needed from provinces
|h||:1||g|'|.n|_|| Chima o |'|.:'|Fl
with the disaster. Jian's
province wis asked 1o send
bamboo poles and Lnge plas-
e bags, The bamboo poles
were 0 help survivars baald
temporary housing. Ie is the
|-|||_'|r'||,|r_|.' |'|f |k|'|:| thie |'|-|:h1||.'
hugs were peeded thar seill
haunts fian. They were wsed
to bury the dead. *There
were 80 many dead pmp]r.
supplics were needed from
other provinces just for body
hags,” he said recencly.

Almest pwenty vears later,
lian =zrill thinks abour that
earchquake guite often. His
peaction oo i led him oo his
life"s wark. In kis |Ii§'l'|
schoal years, Jian became
one of a million volunteer
"(".1r||l|,|_l,.|:‘-||1t warchers® and
collected such data as daily
changes in ground water lev-
els for professional scientists,
{Rising and Falling warer lev-
els may be a olise to activiey
heneath the crust of che
camh.}) He was lager rrained
aE a Luismu|u5i:-\.l. an eirth-
quake scienrist, in colleges
and graduare schoal. Jiam is
now 3 ecientist an WHO,
trying very hard to ander-

srand the mechanisms that
cause cu:iilquakn and their
aftershocks. He hopes this
understanding will evenrual
|.|- 4|=|_'\-w him and orhers
predict earthgquakes, sith
some degree of accuracy,
“Perhaps if we can cell people
wlial n|i|__-|l'||: h::pp:-n. W Can
do something se kids i the
furnare won'c be as scared as |
was, says [ian.

WMODEL-MAKER

l'o help make his predic-
rions. Jian looks at the pat
term and sequence of major
carthguakoes, and builds com-
puser models, “what o pro-
grama, rhar creare images
swch as ehie one on page 3. To
collect the infoamation meed-
ed o build the modsls, [ian
uscs '..l_'i"'\."ll'?:lﬂ.ll':.lﬁ. [RIFE It I'|i ] =]
that record undergroumnd
mavement of the eamh,

UNDERSEA QLIAKES

O land, che effects of weath-
er, waves, armosphere, huo-
mukn acriviries, amd ocher B
wors make earthquakes very
complicated to study. So
menst of the earthquakes Jian
'H.|_||lj|l;:| I_.Jl:r I,'lE:I;,r on rhe
ocean fleor, along a giane
mountain range called the
Mid-Aclantic ﬂil:l.EE. St
|_||_—.-||:-¢ Hl'-d -.il'l'l[‘ll-.:r.r e RAVE,
“The water has protecrad the
shape of the fault surfaces
created by submarineg earth
quakes.” Jian amd the other
seismologiszs he works with
hope thar by studying the
effects of earthquakes in a
pretey simple system, they
can bemer understand earth-
ql.lﬂl-!-d_‘". thar rake F||.1:= o’
land, “If you s wich
something  wvery
r-nrnplin::.l:rd,
you |l




AN SLEUTHS...

probably never pet the
answers,” says [ian,

CEEP SEA TO DAY LAND
Recently, Jian and others
have alsa been studying Los
.Jl.n[_l.ru.--:. which has seen
lll:'"":- earthguakes in the |k|'\-r
ewenty-five years. The mast
recens earthquake in the Los
.-'l.ng'-:-lr:- area ook F||J..'|' an
]:IIIIIJ.H.' 17, 1994 in Naomh-
rilge. It measmined 6.8 on the
Richter Scale. Jian and his
collesgues huve .ipd.'lluh‘l thieir
'al_'.l!llhlr n||I|I-\.|||.:|\.|' o o
the Los Amgeles area, trying to
understand what's going on
deep benearh thar ciry,
".l'l;;l\.'irl',|'\.|:,_ _ill.'llplql' WS
worried about begger earth-
guakes from the San Andreas
Faualre,” saws Jian. (This 694
km-long crack in the carth's
crsst has caused many other
earthquakes in California.)
1 E 1||4.—\. 1|'||:-.||..|
be worried about chat, be-
canse if the San Amsdreas rup
rures, ir ||1i5hr ruprure ar a

“They are wighi

YRy !J||__l|' N IFIlillll_'-r, a8 |'\-||__I
= B [on the Richeer Scale].
“Bur whar they did nox
|,|ui|-1.- rﬂ.-.||'.lq LR ||'|j| riEh!
bemeath the city of Los Ange-
les, there I'I.'Ii.EI'I.I be a second
kiind of faule, This is whar we

call a blinad chruss faele, Blind

means that these faukis do nm
pet v the surface. Thrus
MEANE ONe |.:r|_!|r block ot
:\.'.Illlll'a Crust EDvYESs Wl |'|||: ol
the other block.”

Inscrument readings indi
cane thar rhe hlind thrust
Faidles lie a2 aich a8 12 o 15
km beneath the aity. In the
lare 19805, Jian Lin., Hoss
Srein of the Unived Stages
l;L‘{I:{FFIL al "';'.|-1.¢\_-_\. and Genl
King of the Institute de
Physigue du Globe of France,
began 1o creace compuerized
ill1;l_e;l_"‘- al |_!I|_' |_||i|'|_| I||||,."\-|
faults that they believe are
responsible for che series of
garthquakes in thar ares, The
carthquakes that struck in
1992 and 19 fir nght inio
the ='|.iII:|.|

MICROPLATES
Whar mechanism
:||il\.|"\. this bl :|-c|
thruse arcal
Mobody knows
but people are
r!'lil'll\.il'.l_'| |'|.|I-c|
about ir. WHO]
sciencist Hans
Schouren thinks
that beneath Los
Angeles there may
lie 3 100km by
Milkm “sliver™ ot
carth's crust called

a microplate. Hans thinks the
micraplate rormaces ag che fair
|'| Fas FaLe al five <|rl:|rr|". per
million years. It may move
in sudden bursts, causing
earthquakes as its edges
sCrap I.;E.-_ill-.l ||"|||_'| |'\-|n\|_'-. {9
the canth's crus

Since the early 1970s,
r1.r||'.-:|||.|Lr-. af :1:4_'5|'.i'.-.||:||.- 5
IIlllj I||"' II;|1|.C IHI‘C:\.'II EII_IQ{\.' ;||
many locatioens near Los
Angeles. Hans says, " We
have besn iy ing 10 think ug
a '\-|_|"::'||'|:' illl:ll which we can
fit the major carthguakes thas
have occurred n that area.”
Ihe microplare theory may
|H,,- |1,,||| o ‘.hl; ARSECT

1 seill get scared when |
am in am |:.=Il'l'h||.l.1L-t. EVEM a5

a scienmnist, because | don't
know encugh abour chem,’
Ay ]i.|||

Selsmosgists are working
hard ta understand the
REQIEEINCE Of 4n |.'.-|.'I|I|||I.J.|{l.'.
Tl',.i-. iy |:ﬁ||_| [[4] ;|||,|4.—.|-.;||l_r|:l\.'
accurate predictions of canh-
guakes in Southern Califor
mig amd many orher aneas,

Have you ever baan in an
parthguake? What was it lIke?
DescriDe yousr axparsancs, i
100 words af baas, Send il
alang with a picture of your
gafl, to Eddor, Ooaan Expior
&, Fernd House, Woods Hole
Goeanographic institutian
Woods Hola, MA OZ543, Your
story may show up in & hubuns
Issue ol Joean Explone
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08 (il

imagie {loiff shows
ganipE Earth-
({11

quebkas Hat hap

panad In 2271, 1387
el 18 in the Loa
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e athurs balieve
Edind Fhrasd tauts
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L

hen the earch crem-

bles an the zea-

floor. waves at the

surface are creared. If rhe

r.IIl:|I|:;IJ:'|L|:' is I'-iE rn-.nlgh,

giait sets of waves called

munamis {Japanese for “har-
bor waves™) are ser off.

T'u|ll.llll-'| are |-1.'II.'h.';I'Il_'|.

and can be diadly. A wuna-

mi roars suddenly from sea

o land, sr tremendous

d ar {I:"i':lw.l:lli"ll

.‘|riE|11-\. ]
specel. A tsunami can cross
the entire Pa Oicean in
just & Few hours, [t can srike

..||||1 a8 an enormiois wall o
water, of a5 a sidden upwel-
ling af the sea.

A rpansmi thar srruck the
village of Kahului an the
island of Maui, Hawaii,

in 1837 is an example of the
disasrrous FI!.'I'I'-'I.'I"- ot these
I:l'u:;|l WaiEE ||| I:||.|;I M&EAnce,
the sea suddenly and swiftly
began to retreas from the
bay, a5 rhough an invisible
F'”'I WP |_‘||i||=-|i.'||__l| Bl |_|||l.l.'||_
Fush left behind lay fapping
helplessly on the sand. Some
5 i||.?|l_l|'."\. mished wir o _:'l.l'L
up the fish

But others had an inkling
af whar was to come. They
ran away from the shore,

';flnl; Pers0n fan up 4 'al-\.lkll.'.
and turned around to see a
shocking ':utl_hr. The encire
|i".IEI.'. its heouises, its F-I.'IIF-:-:'
and its animals, was riding

TTSUNAMI -

4 An Earthquake's Dangerous Partner-by Deborah Kovacs

on top of an cnor-
mous wave., [he
rsunami carried
II'I" 'hill.'&;l" III
kKahului far
inland.

In his tamous
tllll"-l-. '|r:l'||- |ur,rx'¢'
of the Heagie, Hrit-
tsh naruralisc Charles
Darwin described a
sunami thar des ted the
coast of southern Chile in
February, 1835.

He wrore “Shordy ater

ihe shack, 4 RBRGAL WaVE Wis

seen from the distance of

three or four mibes, approach

ing the '|:;|,‘||||r ot the bay

with a smooth autline bui
along che shore it mone up
I.'II||.|l_":"‘- and trees, as
il. \.'i\.l.__ll e ﬂ'd'\.
with irresistible
farce. Ar the
hiesd ot the bay

]

it bhroke in a fearful
line af white break-
ers, which rushed
'l_-|hr afb
23 vertlcal Feet
above the highest
SN Tides.

p o oa fug

IIH LE
must have been
P rodigiows] for at
thie Form a cannaon wi

irs l\.ﬂ.-r;ﬂ_gl:_ |_"H.I;||||r-c'|! &
four tons i '-'-I."g|1l Wil
moved 15 feet inwarnds. &
schooner was left in the
mider of rhe ruins, 2000
vards from the beach. The
first wave was followed by

rwio arhers, which in their

retreat carfied away & vast
wreck of floaring objects. In
pne part of the bay, a ship
WiaE _:lll;l_.'h;;\-J I“I.‘\-
and dry on
shore, was

carried




| -

alff, sgain driven on shiore,
.“1-;] aguip. |_Jr|i-r|! |'|”. Ini
another part, twoa large vessels
anchored near together were
whirled ahour, and cheir
cables were thrice wound
round each other; though
anchored ar a depih of 36
levt, |'I|r:.- were har some mein-
utes aground....,

“Pools of salt-water were
still standing amidst che
rui:n of the |Il:||,.|-.|"n. and -|'.|1I|-
dren, making baas with ald
tabbes and chairs, appeanad as
happy as their parents were
miserable,”

Teunamas ane still a grea
risk following any major
earthiquake, bur penple whan
live around the rim of the
Pacific Ohoean are helped by
an internarional warning sys
e rhar Lrh-._—;u: rrack of ocean
waves afrer any seafloor

earthquake that has a

magnitude of 6.5 an the
Richrer scale. If &

wave i detected, a
warning is sent out
o |ocal auchoriries.

AN TR T LS, PR

& solemograph (above] recors snargy wawes s thay travel
from an sarfihgeaka’s focus desp bonesth the crust up (o the
surfncs, Primary waves [P waves) resch the serface firsd,
meving ol spoods of .5 to B.E km per sacond (11,000 fo 19,008
mph|. They push and pull strictures on the suffsce. Secondary
waves [§ waves) travel o littis slower, at 3 to 4.8 km par
sacadd. Thits wives shaks the ground up and doen amd from
sids o sidu. & third lype, surfece waves, con caase bulldngs
o wway far from the asrthguake's focus,

crumd. This map shows active asrthgusks sees srouss e dm of
the Prcifer Oegaagn

MAKING SENSE OF THE
MOTION: A SCALE THAT
MEASURES EARTHQUAKES

In the 18300s Charles Richbar crealed & scala, namssd aftar him,
that describes the iIntensity of an carthquake by measuring the
amount of ersrgy it releases, The scale iNCreases eipongnta-
tp—=that is. an eafhquakes that measures 3 o e Behiter ssals
15 ten timas more intense than one that measures 2. The
langesl eanhgquahe ever maasured by this method ook place n
lapan m 1933 |t registensd 8.0, By cortraal, the laruary, 1904
aarthquake in Nothridge, CA measured 6.8,



DEEP, DARK
DISCOVERIES

American and Japanese Oceanographers Explore

the Kane Fracture Zone—by Tom Gidwitz

Kok cuwwha {above] i Shimkal 3580’ mother siip. Measuring
mors than 100 matsrs in bength, Yoheswks crulsss of about 16
koS and fan scomsndnteo 57 poophe.

BAbows bg e Jopaness ressmch sub Selnkal S50 Hs nams
comtens from ike Japansss words shin, mesning deep, and kai,
maaning scasn, and s mazimum diving depth of 1830 maters,

Shinkai 6500—
its name comes from the
Japanese words for deep,
shin, and ocean, kai, and
6,500 meters, its official
diving depth.

ot than 4z kilode-
ters beneach the
sierface of the s=a. &

small whire and oramge sub-
mersible inches its way along
1 steep wall of fractured
rocks. The wall of rubble
rowers rhisusamds of meters
above the litthe sub, while
below, unseen beneath the
ocean floar, walcanic magm
i |'i--i|'.|__l| from |‘||_'r'£| within
the carth 1o dorm the bottom
of the sea.

The limle craby is the Jap-
ancee submersible Shimkas
A5KE 1x's the world's deepesi
-:‘lil.'inll_ manned sub, and it s
i &N h;"-:llrll_ aissian |:-:|:
the Arst time ever, Japanese
and Amencn scientists have
teamed up te make deep
dives on the floor of the
Mabanric Oon,

Shrrkat is at the bomom
-cl‘..l hiole boar times |E:':'|'-rr
than the Grand Camvod, Ear
helow where the sun can
reach. Inside the sub, YWHCH
-:1|I|||_|-r Gill By
|.l.|wu.:--. pilits watch as the
crafi's headlights stab
|'1r-.| 1igh thie inky blackness.
|"'| =7 g The '\-|_|||lu r|||'|
windows ta study the chaps
af mabbde and boulders as big
as rr.uin:-: T.Il-i.'l.' AafeE [or !||-c'
aiily ainces who we this sight,

O cthe sea surface high
above, Feboruka, Shimkai’
'-|'c|:-|||q| '\-\.IIiEI. s -\.,ir..,:'i"E. fg L]
Siimkad makes its closeup
vaew, sciencists fram WHOL
and from I"?’“" Sarine Scoi-
ence and Technolagy Center
[JAMSTEC] cluster around
relevision maonimars on Yake

H 1] ||||,. (R aE]

III.

siwka s hridge. They eagerly
warch il'n.:l_l'n.--. af the bacrom
I"'l.'.J|'||I.'IJ (L1 '_I:q_' \II'FI I.r|.:|'
Shrirekear.

I'he sub is exploring one
af the world's mosr acrive
carthquake sees, the Kane
Fracture Zone, ai the hean
ot the Med-Aclantic ]L:ll:u.
pare af the 40,000-km -
floar mountain range that
circles the globe like the
sricches an a hasshall,

Here
earth's glant tecronic plaes
are spreading apary, a fissure,
1 IIII"__' i Tl I\.
form faule, slashes across the
spreading seam. Where the
ridge meers the transform
tawls, olares

where rwin ol I|'|_'

called & crams-

the recronic F
scrage past one another. The
resule is a mix of towering
moiniains, seep cliffs, frac-
rired sea loor and daily

canthguakes.

A DEEP SEA SURPRISE

The Japanese and Americin
scientists have been working
arpund rhe clock. Ar nighr,
Volianliy Crimscrossss the dive
sibes, wiing seund o map the
botrom and making mea
surements of gravicy and
magivctic belds, Early in the
mprning a glant crane Jow
ars seinkay inco the warer,
When the pilos anre ready,
the sub is released to begin
its three-hour descent to a
pirch-black area called the
Kane Practure fone.

There are many fracture
aenss along the mid-ocean
'i"ll.""'" Thev can b aa |'||'.||_|'.
as 10 km wide and § km




Kane Fracture Zone Looking South

Active
Transform

Fault Peridotite
v

Old

Basalt,
Oid
Basalt,
Sediment

Recent Basalt

Siwmkal 5500 book sciantints to tha Kana Frocters Tone, 8 senfioor crack deep enough 1o contain ML Fujl {4 km high). the
deep, At these zones, “two  SOLVING A MYSTERY Bill conld see many places  BUSINESS AS LISUAL the
H'-"“I'“l-'u:;- Prodsss. are haw _|'_|__- |:rr|||| inside the sukb, |"|.: where the slide had been Bill Bryan torsess more joand Ies
a duel,” says Bill Bryan, “The studies the broken rocks, reactivared, “We could see  WHONAMSTEL missions ars
spreading ridge is trying o wondering where they have  fresh movement in pares of  in the Aclantic, Bur for him s~
mawe apart while the trans come from. A vereran of  the slide,” says Bill. *I'm  and his WHOI colleagues, the
form Fault is slipping hori-  dovens of deep sea dives, Bill iite sure thar was related to even the novelty of a deep, e
:l,.\,|_-||:_i||'|.'_I has spent fig lite srwdyi |2“; one of the :_|||_-|- |'.-\.|I||-\.|'.|.||{l\."\- l.'il\.'l\.'|= |_|.'\. & in .‘l-'l.'.l.h['..u-di!'.'. L
It is this duel that creates  earthguakes and volcinoes,  chat hes ocourred in the zone oot match the excitement of IEH
carthquakes, Small ones hap and wondering about how  in the last owenty years.” discovering interesting rocks The
pen ;J|:|.;.-;| _\||15.I,,|,|||'-\.- |.|-¥|-r |||i: r_:lrr|'\- l,'!.'l"-l!.'l,"-\.l He naorices ;|'|-J fresh sea ﬂnnr cr;..'kh. LR
ones take place several times  the sediment thae Fils ke AN HISTORIC TEAM When asked how it feels o HE
a decade. As the massive snow in the deep sea It has  WHOM and JAMSTEC sci- be on the boattom of rhe tily
blocks af « & crust scrape collected on the rubble. In enriste made 15 nine-hour  occan, he's thoughsful,
past ane another and spread  some places, there's four  dives at the Kane Fracrure “Somenne who has never
spart, mountain ranges are  inches of sediment. But in - Zone in July. During the  done thiz before would
pushed up and valleys are  other places, there’s no sedi-  dives, Shimkas explored abour  either be scared our af their cir
Formed. ment a1 all, Bill lnows that  swenty miles of ocean hot wits ar awed by the expeni- ing
Oin this P;_r-_||_-_||u- dive, rocks covercd with a thick b, makl R IEFETT ST S chce,” savs Bill. “After :--"'-
scientisrs ghoard Yokssukbrare  layer of sediment have been and collecting rock sar you've been diving, you live
watching the relevision trans ptill for o long rime. Those  on mouncain tops, ald lava  know what to anticipate the
mission From Shiskef with  withour pedi t have  flows, fslides. Espe:  This enables you o focus e
special exciternent. They ex-  recently meirved, cially inberesting o muore direcely am rhe reasons ind
pect Bill Bryan will seon ks *It was acmally a double are samples collecre: why you're there .,
inzpecting shousands of amcdali says Bill. " he p rem-mmuillion year “Ir's like .'l'\.l..ll'||'_ me how | '
merers of exposed ooen st mizin shide probably cocu canic rock called peridogive,  Feel abour fying in & heli rer.
ilong the hole's deep walls I which shot up to the seafloor  coprer over an active val- ‘I:"'
Bait they are in for & surprise, From somewhere beneath the  cama. Well, I've done that gin
The ridge cannat be seen ar ¥ ¥ ake along  earth's crust, like watermedon  quite a few rimes, For me, oA
all. Is wealls are obscured by the fracture zone.” Bur o seeds squeczed berween rwo it's business as usual,” he the
cotinthess vons of rubble. Do of thar early landslide,  finpers. says with a laugh,
wre
T an
(] I'
K im




