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Tri-Counties Chapter Dinner Meeting; (Webinar is available by clicking here)

Presentation:

Atop the Rupture Zone - Chile's 8.8 Earthquake and Tsunami

Date: Wed. Jan. 11, 2012 (Dinner 5:30 - 7:30 p.m. - Presentation 7:30 - 8:30 p.m.) No fee after 7:30

Dr. Keller will present; Atop the Rupture Zone - Chile Mw = 8.8 Earthquake and Tsunami — A First-
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Hand Report
Speaker: Barry Keller, PhD Seismologist
Venue: Radisson Hotel, 3455 Skyway Dr., Santa Maria, CA 93455 Tel: (805) 928-8000
Abstract and First-hand experience of the 6™ World’s Largest Earthquake - Main shock (27 Feb 2010) and 60
Faculty: hours of aftershocks!
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walk in
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SEQASC Director; Casey K. Hemmatyar, SE




“y7 E”
Chile M, = 8.8
Earthquake and
Tsunami — A First-Hand
Report

Barry Keller PhD PG CHG
keller.barry@gmail.com



Central CHILE is
similar to
California in
latitude and
climate, but has
higher
mountains, and
... BIGGER
EARTHQUAKES!
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WORLD’S LARGEST EARTHQUAKES - post 1900.
These are M, , “World Magnitude”.

All except #10 are on subduction zones. Four have happened in the past

decade!
1 Chile 22 May 1960 9.5
2 Prince William Sound, Alaska 28 Mar 1964 9.2
3 Off the West Coast of Northern 26 Dec 2004 9.1
Sumatra
4 Near the East Coast of Honshu, Japan | 11 mar 2011 9.0
5 Kamchatka 4 Nov 1952 9.0
6 Offshore Maule, Chile 27 Feb 2010 8.8
7 Off the Coast of Ecuador 31 Jan 1906 8.8
8 Rat Islands, Alaska 4 Feb 1965 8.7
9 Northern Sumatra, Indonesia 28 Mar 2005 8.6
10 | Assam - Tibet 15 Aug 1950 8.6




Tectonic setting — Peru / Chile Trench — subduction of
Nazca plate under South American plate.

PLACA ANTARTICA f/,_; 2



The earthquake ruptured about 100 km down the subduction
zone, and 700 km north-south. The subduction zone is about 30
— 40 km deep under the coast.

Arco Magmatico

Fosa




Yellow is this quake — main shock (27 Feb 2010 0334) and 60 hours of aftershocks.
USGS. Rupture propagated both north and south from epicenter.




Depth profile with main shock and historic quakes. Depth set at 35
km by program. USGS
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Mercalli Intensity — Whole rupture zone is Mercalli VIII.
USGS (preliminary)
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Comparison with 1994 M, = 6.7 Northridge quake — local shaking can be just as intense, but

smaller area, and shorter duration. 8 sec rupture, 20 — 30 sec “felt”, versus 57 sec rupture, ~3
minutes “felt” in Chile.
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Haiti (12 Jan 2010 M= 7.0) and Mexicali (4 April 2010 M = 7.2) had similar
local Mercalli IX shaking. Both are on crustal strike-slip faults, MUCH
smaller than the subduction zone. (Enrequillo, Pescadores)
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Seismic Gap

The dark ovals are
earthquakes in the 20t
century.

The lighter ovals are earlier
quakes. The 2010 quake
area had not ruptured since
the 1835 earthquake that
was described by Charles
Darwin in Voyage of the

Beagle.

The seismic gap had been
known to Chilean
seismologists for 10 years or
more, but not to most lay
people.




Modeled surface
deformation map — uplift
of coast and offshore,
subsidence of central
depression. (Anthony
Sladen — Caltech)
Note that area of uplift is
partly onshore.




By comparison,
the 2011 Japan
quake was much
farther offshore,
generating a

larger tsunami.

This is modeled fault
slip, and maximum slip
corresponds to
maximum uplift of the
bottom — about 10
meters!

Note that tsunami max
is at north end of
rupture zone.

(a) Rupture area and interview sites  (b) Tsunami height, m (c

'r.‘ '\_\__J;r E
] 1./-""/\,:: /'l .
414\ ] ) |
k;V_gl\ /
P ' /
i |-
- ' —
= - ® o -
. °2011
36" , 1 “gaah *1960/| -
-~ / km e' 21933
e ]
[0 100 200} !. * 1896
. | ] -
35 T T = T I
141° 142" 143° 144" 1450 10 20 30 40f



AFTERSHOCKS! Near
Pichilemu, Pinera
inauguration, may be on
crustal faults in overlying
plate.
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The M = 6.9 aftershock had a NW oriented
thrust mechanism, at 10 km depth. Such faults




Where was I?
In bed on third floor of concrete house — very STRONG,
but sensitive to (very STRONG) seismic motion!




What was it like?

* | was already awake, having gone to the head and
checked my watch at 0322. The quake was at
0334. The motion may have built up for a few
seconds, then very strong for about a minute
(seismologist Sergio Barrientos was quoted saying the
strong motion lasted 57 seconds) - | was quickly
thinking "this is for real!”. | tried to check my watch
again (like old Charlie Richter taught us!), but the
lights went out (I need reading glasses to read it in the
dark). Pretty strong motion was felt for about 3
minutes. Aftershocks were generally pretty sharp, with
almost continuous motion for many hours.

e The feeling was similar to flying in a plane through
severe turbulence, but with more high frequency. | sat
on the corner of the bed, holding on.



A model of the energy release during the
first 2+ minutes.
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AFTERWARD

*Our house is at about 100 m elevation. Lots of
people came up the hill to the roundabout at the
bottom of our drive way. Many more were on the
next hill over, the official evacuation spot. It was a
calm night with a full moon and people stayed until
dawn (and had to be “evicted” a couple of weeks
later!).

*We had no electricity for 2 days (until we left for
Santiago — it stayed out 3 more) . My house has a
booster pump for water, so no water pressure -
altho plenty in the tank (I have a sailboat bilge
pump, but very slow) and | had lots of bottles
stashed, because the power goes out often. We
had cell phone the first day, then (according to the
local scuttlebutt) the gasoline for the emergency
generator ran out, so the phones went out.



¢Be prepared?

All the normal advice, plus......

If quake is at night and power goes out, put
your shoes on before walking around!

Have cash on hand (ATMs don’t work if
power is out!) — some luck required!

Have your car full of gas (big lines even if gas
stations have back-up power!) - luck required
also.



Concrete blocks moved and cracked, books spilled!




Shelves spilled, lots of broken glass. Rocks, music,
magazines spilled!




M = 6.9 aftershock! Stuff fell over at my house again,
some cracked stucco. The neighbors just left the stuff
on the floor!




Photos from Chilean press, etc.

e Roads
* Buildings
* Wineries

e T[sunami



But first, | won’t discuss further the looting and
eventual control by 10,000 soldiers. It was ugly!

EL MERCUR

www.emol.com

ODEC . MARTES 2 DE MARZO DE 2010

Toque de queda en Concepcidn se extiende desde las 20 horas hasta el mediodfa:

Jitll T Pillajes y saqueos descontrolados
b A;:”gimfmmpm | obligaron al Gobierno a |
) SEESEESSESEE L enviar otros siete mil militares
a regiones del Biobio y del Maule

usaron todos los medios dis

Vecinos de varios barrios de Concepcién General Guillermo Ramirez, jefe de zona por
optaron por organizarse y con palos y armas Estado de Catdstrofe, admitic: “Estamos en
enfrentan a los vdndalos. Una persona muere.  una situacién extremadamente critica”.

= Atentado incendiario arrasa con La Polar de Concepcion
= 2 i 3 T

Grupos organlzados
provocan desmanes en
una ciudad devastada




ROADS - Rockfall in granite on road between Pichilemu and

Santiago, highway bridge collapse in Santiago.
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Main N-S
highway
(Ruta 5) had
many failures,
including

Au t)is |
ortan una fall

Desplazamiento de vigas, descenso de calzadas, mlapsod‘e
la ruta que une el pais. La

Ministro de Obras Pablicas, Sergio Bitar, anuncid que ya esta i
mecano junto al puente Llacolén, que une San Pedro de la Paz con Cont

/G Lyon / C. Argandodia
. terremoto se hizo sentir con

<o encontrara con una grieta en la de la. camioneta, y M: Vargas

[ [ ]
"“"’ﬂ las autopistas urbanas e Tres personas murieron y otras  a San Rafael,
& i del pais. Tanto que pro- tres resultaron gravemente heri- (Region del Maule), Enel accidente
_ Vocd centenares de fallasen 1as25 | das, luego que una camioneta x4, fallecieron Maria Sanchez Naranjo
" Carreteras que conectan el centroy | que viajaba a excesa de velocidad, y Maria Eugenia Ortiz, ocupantes.
I 5

collapses.

san

0 y grietas del pa

del colapso de puentes Y P
destruccion de tet

pista y perdiera el conitrol, cayen-
do sobre un automvil que venfa
en sentido contraria. El hecho
ocurri6 ayer, a'la altura del kil6-
matro 235 de la Ruta  Sur, frente

Figueroa, chofer del auto, segin
informes preliminares.

El accidente provocd un tace
de proporciones, tanto hacia'el
camo hacia el norte de Talca.

‘mayores detalles. Atn no

efecto del terremoto en 1as vias cerca-

nas al epicentro: acceso a Norte de

Concepeibn y la ruta Interportuaria

‘Talcahuano-Penco, en proceso de
un nimero minimo

ayer un puente mecano de una pista
en el puente Llacolén, que une San
Pedro de la Paz ¥ que




BUILDINGS - International terminal at Santiago airport was

damaged. Flights curtailed for several days — we were
delayed leaving by 5 days.

. Lacaida de las pasarelas de ingreso al tercer piso del terminal estaba dentro de los calculos, segiin el gerente de la concesionaria SCL. El objetivo: evitar que dafiaran la
5 estructura principal.

HECTOR ARAVENA

Los ductos instalados en los techos y los cielos falsos del terminal aéreo de Santia-
go sucumbieron con la fuerza del terremoto de la madrugada del sabado. ;



A fairly new apartment building in Concepcion collapsed!
Most did not, this Borderio apartment was said to have wires
instead of rebars and crumbly concrete.
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Most structural damage was to older adobe buildings
— Funeral parlor in Pichilemu.




More old adobes wrecked — winery near Constitucion,
historic buildings and chuches in Valle de Colchagua.

PROYECTO.— Restos de lo que iba a convertirse en un pueblito artesanal, proyecto bicentenario de la vifia.

m Ocho casas caidas y 20 afios de trabajo perdidos
| en pocos minutos: el saldo de la vifia Gillmore

|

R i

"Acé en cinco minutos perdimos el esfuerzo de
diez afios. Mi papé llevaba diez aiios mds, asi que
perdimos 20 afios en 5 minutos. Pero si te echas a
morir, esta cuestion no sale adelante ni a palos’,
cuenta Daniela Gillmore, de Gillmore Vineyards,
ubicada en el kilémetro 20 camino a Constitucion.

Recién comienzan a mover los escombros para
contar todo lo perdido. "Hasta el momento tenemos
tres tanques de 15 mil litros en el suelo del que en
uno se perdié todo el vino. Y hay otras barricas con
harto dafio”, enumera. «

Pero en las cuentas de los Gillmore, el vino es
casi nada: perdieron todas las casas de los trabaja-

simple vista. El sabado advirtieron otros dafios.
"Teniamos como proyecto bicentenario un pueblito
artesanal. Ese pueblito quedd en el piso. Entonces
tratamos de recuperar la mayor cantidad de cosas
que se pudiera desde ahi: boletas, todas las artesa-
nfas y todo lo rescatable”, recuerda.

Y aunque también perdieron las oficinas, ya
trabajan en un plan de contingencia. *La oficina la
vamos a tener operativa en dos dias més. Estamos
haciendo una oficina de carpaiia, aunque sin telé-
foro y sin nada especial. Sélo la oficina, por lo
menos para hacer vendimia", dice. Pero advierte:
“Aunque la vendimia se va a hacer siempre y cuan-
do haya gente, porcll‘l: hay tanto susto que la gente
o eniiora <alir 2 frahaiae”




More old adobes wrecked, including chruches. Peralillo
is inland from Pichilemu

= Comuna de Peralillo practicamente en el suelo

T Iglesia de La Compaiifa ‘Basilica del Salvador.

En estazona tipica dea VI Region, la biblioteca municipal  Este antiguo templo de la VI Region no resisti el fuerte  Los muros de fa nave central se vaciaron con el terre-

1 sismo destruy6 el | i
¥ caus graves dafios al casco histérico de Santa Cruz. y otros inmuebles quedaron reducidos a escombros. impacto y resultd completamente destruido. moto del sabado, agravando daiios del sismo del 85.




Wineries — 100 million bottles lost! There may not be
much “2010” Chilean wine.




Like Santa
Barbara, over the
first ridge inland

from Pichilemu
are lots of
wineries, with
local appelation
names.




i TSUNAMI !

* This preliminary map
shows the extent and
approximate height o
the tsunami.

 The quake was at 0334,
so the waves hit most
places within about 20
minutes.

* Note especially
Constitucion and
Talcahuano.




gs provocaron la destruccién casi total de la ciudad.

Area affected by Tsunami
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For SURFERSs interest — Punta de Lobos “Rincon of South
America” - Lower right — a “10 meter” SURF wave! (with

Diego Medina for scale!) The front of a tsunami wave may
look like this, but behind it is MUCH more water!
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A tsunami wave may be more like a long surge. This 2010
tsunami was at night, but the 1835 tsunami was in the day, and
observed at Talcahuano by the British Navy, including Capt.
Fitz-Roy.

XVIL—Sketch of the Surveying Voyages of his Majesty’s Ships
Adventure and Beagle, 15825—1836. Commanded by Cap-
tams P, P. King, P. Stokes, and R, I'itz-Roy, Royal Navy,

Communicated by Sir John Barrow, Bart,
Those who
watched the waves coming m considered them, while beyond the
shipping, about as high as the upper part of the hull of a frigate,
or from sixteen to twenty feet above the level of the rest of the
water in the bay. Only those parts of the wave broke which en-
countered opposition, until within half a mile of the beach, when
the roar became appalling.

T ——




Punta de Lobos, Pichilemu surf spot - low buildings
swept away, beach reshaped.

Sexta Region

laya de Punta deskobos,
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Pichilemu — cabanas wrecked at Playa Hermosa, low-

lying caleta downtown flooded.




Constitucion tsunami maps

Constitucion
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Aerial photo of
Constitucion, showing
destruction on the south
bank of rio Maule. About
a year before | stayed at a
hotel somewhere along
this bank!

(They tell me it is still
there.)

! Fotograffa exclusiva:

. Constitucién, martes 2 de marzo,

18 horas

e



onstitucion -
bank of rio
Maule
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Constitucion — damage to ocean front area,
searchers in rio Maule.

—

e




Talcahuano tsunami maps

Talcahuano

Ista

Direccidn

i s Punta Ballen:
de laola Punta Tumbes Punta Lobos

OCEANO PACIFICO

Zonas afectadas |
por el tsunami

la marejada




Talcahuano harbor (by Concepcion) — wholesale
destruction!

VIETOR TORD




Talcahuano harbor

La base naval de Talcahuano sufri6
) graves dafios con el tsunami.

Aval'lari en cerca de S$ 5milnes i
pérdidas en base naval de Talcahuano




Talcahuano harbor




Talcahuano Harbor, including damage to

dry docks

gion.

tilizable el puerto de Talcahuano en la Octava Re

dejo inu

sumami

ElT:



Pelluhue — beach between

Constitucion and Concepcion

% | e o . i =
OLAS DESTRUCTIVAS.— El halneario de Pelluhue quedé hecho afiicos luego que, 40 minutos después del terremoto, tres olas arrasaran con todo. La tltima fue la mas
devastadora, La mayorfa de los muertos eran turistas chilenos; mientras a metros, la caleta de pescadores también desaparecio.




Pelluhue - damage to houses, car.
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Left — Tome, near Concepcion. Right — Lleolleo, with San Antonio harbor
behind — campers died. This is north of Pichilemu

i S =

. DESTRUCCION.— Los restos dle las cabafias, junto a casi todo tipo de escombros, hasta ayer flotaban en lagunas que se formaron por la entrada del nar.



Chilean Navy
tsunami risk
map for San
Antonio —
Lleolleo is at
lower right —
they were
“warned”!
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Tsunami at distance across Pacific Ocean




Pucusana — south of Lima, Peru — low water then
high water. We were at a wedding there in January.

SR o o

En la localidad peruana de Pucusana primero bajé mucho la marea
el sabado (foto arriba) y luego subid un par de metros (abajo).



21 April 2007, Mw 6.2, Aisén, Chile, 17:53:45 UTC

“The Servicio Hidrogrdfico y Oceanogrdfico de la Armada de Chile (SHOA)
reported that a M6.2 earthquake produced a landslide in the fjord area close
to Puerto Chacabuco. The landslide generated 3 waves, the bigger, it was
reported, was about 6 meters, and it affected a local area only. A SHOA tide
gauge, located 10 km from the landslide, measured only a 0.8 m variation. As
of 1400 GMT, 10 people were missing; most were workers from salmon
aquaculture farms in the area. SHOA is the Tsunami National Contact and
Tsunami Warning Focal Point for Chile.”

A seismologist friend, Sergio Barrientos, was on the shore tending to portable
instruments with which he had been monitoring the earthquake swarm for
some months prior to the main shock. He felt the quake, jumped into his
Zodiac and sped out in to the fjord and was saved. All the instruments were
destroyed, but Sergio is alive, while on shore 10 people died.



Aysén (or Aisén)
Earthquake , M = 6.3,
21 April 2007

*Epicenter on north side of
Fiordo Aisén;

*Local sesimometers
measuring foreshocks
destroyed by tsunami (main
shock not recorded);

*Foreshocks and aftershocks
align with ZFLO (main shock
mechanism dextral offset)
and an E-W structure;

*Aftershocks depths 0- 10
km, crustal thickness (Moho
depth) 23 km.




Aysén Earthquake
Locations

*Mainshock shown by star;

*Deformed sediments and
possible small volcanic
cone seen in marine
reflection survey of Fiordo
Aysén;

*After: Vargas et al. 2009. La ruptura
sisimica de Abril de 2007 y tectonica

activa en la falla Liquine-Ofqui, Aysen,
Chile. XIl Congreso Geoldgico Chileno.
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Fiordo Aisén — landslide scars from
2007 M = 6.2 earthquake.

Note Isla Mentirosa in right photo.










That’s all, folks!






