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- Number of events per unit time
- Giant earthquakes
» Approx. one magnitude 8 earthquake
every ten years
» Different types of faults and
seismogenic regions
« Significant number of events followed
by tsunamis
 Shallow seismicity
* Active tectonics close to urban
centers and infrastructure
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In Chile, since 1900, in terms of

Disasters of Natural Origin:

» 99% fataltiies due to earthquakes and tsunamis L]
* 98% economic loss due to earthquakes and tsunamis —=—= T
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Large Tsunamis in Chile
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About 4 m or more:
1570, 1575, 1604, 1657, 1730, 1751, 1819, 1835,
1849, 1859, 1868, 1877, 1918, 1922, 1960, 2010
Intervals: 5,29,53,73,21,68,16,2,12,10,9.9.41,4,38, 50;

Average = 27.5 years

Tsunami Height [m]
30 25 20 15 10 5 0

75 74
Longitude (°W)

Cafiones y caleta de pescadores... DESPUES.

About 10 m or more:
1604, 1730, 1835, 1868,
1877, 1922, 1960, 2010
Intervals: 126, 105, 33, 9 45, 38,50;

Average = 58 years

Latitude (°S)

45

Tide Gauge at Fort Point, San Francisco, CA
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Seismological Observation in Chile csn\:
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16 August 1906 Earthquake M 8v4 in central Chile

In 1907 the Government decided to install m;
a seismological observation system after PR (R 5
A proposition by V. Letelier in1906. ! oo
F. Montessuss de Ballore, el ]
Director of the Seismological Service,
appointed in Sept., 1907 Wi |
1950 s Developement of own instrumentation j’ 3
’ . . . Kelparwiad Mls,hl;w |
1980°s SP telemetered instrumentation around Santiago o %o o st
L, . Sheradde? T |
2000 s SeisLog system (Norway) snf Sof |
2011-2012 Ten Geophysical Observatories (IRIS) Goneg "
. . ) Angef
2013 Installation of new observation system b onl,
Academic = Routine Operations o P
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2011

2012

2013
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Adenda
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2014 2015 2016

2013 3.2 0.8 4.0
2014 4.0 3.2 7.2
Adenda 2014 1.1 1.1
2015 Budget 3.4 3.4




Observational Network: New Instruments CSN‘\N
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65 full stations with real-time connectivity
- Broad-band sensors
- accelerometers
- GPS

297 étrong-m0|on with internet connectivity

65 GPS devices with real-time connectivity
40 of them with RTX option
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40 portable stations for special studies




Seismological Network of Chile
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Displacement,  Velocity and Acceleration

GPS BB Accelerometres
130 40 + 65 297

e 55 BB and SP existing stations including
18 IPOC (BB, SGM, GPS, MT)
10 GRO (BB, SGM, Infrasound, meteo, installing GPS)
e Installation completed by end 2015 (all 6-components) + GPS)

2015

- 20°S




Strong Motion and GNSS sV
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297 strong motion instruments 2016
Sites decided by Expert Committee
Installation by Ministry of Housing and Urban Planning 4
Connectivity byONEMI -20°S
O & M by CSN
-209 instruments installed
-122 instrument internally connected, in future to CSN
(Onemi, Carabineros, DGAC, modem tel.)
-30°S
e ——— 40°S
130 GNSS devices S
1 s/s RTX sat
1 s/s RTX internet
24 hours




Automatic Processing csn
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Virtual machine
Thanks to:
Geoff Davis, Juan Reyes, Jennifer Eakins
EarthWorm / EarlyBird

Data Receiving End

Similar systems installed
at ONEMI and SHOA

Topologia Estrella Nivel 2

CSN

Edificio Geofisica-Civil

Ante I O pe Fac. Cs. Fis. Matematicas

Universidad de Chile

Virtual machine e e

alambricamente (C)

\ Sitio de contingencia mévil



GRO and IPOC Stations

Local earthquake
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Sichuan M6.6, April 20 2013 at the antipodes
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| @ broadband seismograph

.| mm strong-motion seismograph
| % continuous GPS

:

ﬁ magnetotellurics sensors
08 creepmeter
* real time data link
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Acquisition and Processing Systems CSN‘\N
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UNIV (C GRO (C IPOC (CX RNVV NEW (C1
Stations
INPRES IGP Peru USP (BL) CTBTO ?

N : Antelope
Acquisition SeedLink

Automatic Antelope
Processing i

Manual Moment
Processing lensor




23 Agosto 2014 M=6.4 csnV
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Inférmate Aprende Ediicate
y y Vol
Informe de sismo sensible
Hipocentro
Hora Local 18:32:23 23/08/2014
HoraUTC 22:32:23 23/08/2014
Latitud -32.737
Longitud ~71.498
Profundidad 401 Km
Magnitud 6.4 Mw GUC
Referencia 36 km al N de Valparaiso
. 5‘1 34's
Linares v Vifia del i . . x i, *S
. y Mar Miles de Visitas (6.4 Mw, 36km al N de Valparaiso,
elarco 5 .
Zapallar Vi 1a0 ! ! ! ! ! ! oW 74w 72w W oW Tew
Romeral v 5 v : : : : :
un 25 Feb 2015 08:25 17 Feb 2015 08:25
Sagrada : : :
Familia E ?:*Zfde Vi ‘M=3.1 : 5 M=4|9
Cabildo v Colina Vi : : :
Calera W El Monte Vi
Casablanca VI SEdE Vi
Maipo
Concon v Lampa Vi 2000
Hijuelas Vi Padre Vi
Hurtado
Juan v .
Fernandsz ‘ Pefiafior vi
iz VI Puentz Alto VI
: San Vi
La Ligua Vi Bernardo
Limache W Santiago Vi
Nogales i Talagante VI 100
S - Tiltil Vi
Mostazal Vi
Fapudo W
Navidad Vi
Petorca v
Pichilemu VI
Quillota W .
Placilla Vi
Qe E Rancagua VI
Quintero W San i} L L ! | | | | | | i}

Fernando 1d 16.2 164 16.6 14.8 13 192 194 19.6 19.8 20

wal i Vi
alparaiso s l Hora Local



Network Sensitivity
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Hayes (2014),,
USGS
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First RTX large earthquake recorded sV
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Main driving reason: Tsunami Warning
e Characterization of fault displacement
e Expected seafloor deformation

e Tsunami extent and hights

Strategy:
Automatic detector and estimator development
Earthquake location
Mainly two regions of large earthquakes
Predetermiend fault geometry along subduction
Predetermined fault geometry within Nazca plate
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SV1_sliphistory_mainshock.mov

Seismo-Geodetic

Acel_Iquique_MI4.8

From 3/24/2015 19:30:00 to 3/24/2015 20:00:00
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Research Support

ELMERCURIO DE VALPARAISO! Viernes 13 de junio de 2014 |5 Quince aparatos serdn instalados hasta cinco mil metros de profundidad: . .
Buscando claridad bajo el agua

piacas tectonicas bajo ol mar

Expedicion hunde sismdgrafos oz

para resolver enigmas sobre
los terremotos en el norte

Los instr g los movimi tecténicos durante un ano. Luego,
investigadores de las universidades de Chile y Kiel (Alemania) analizardn los datos.

VAN MASTINC y AUDKNICO BARRIA

ES L PRIMER APARATO PERMANENTE INSTALADO EN LA INSULA.

Instalan sismografo
en archipiélago de
Juan Fernandez

CIENCIA. Aparato permitird hacer mas
precisas mediciones de terremotos.

Armada instalard 10 sism-
grafos a distancias de entre 30y 140 lon de lacosta.pos, en noviembre de 2015.

1Centro Sismokgco Na
clonal (CSN) de la Uni:
versidad de Chile instald,

sobre ba Placa de Nazca, en las
cercanias del continente, per
mitiendo una mirada hacia la

o

archipi¢lago Juan Fernandez,
especificamente en la iska Ro-
binson Crusoe, cuya ubicacion

oestea este.
Mario Pardo, subdirector
del CSN, sefiala que “estos da-

10 30l0 a nivel naclonal, sino
que internacional.

Esta estacion, cuyo nom:
bre e “VAO4 Juan Fermindez”,

tos, o8 regs
trados por ks estaciones ya ins-
taladas en el continente, per-
mitirin mejorar las localizacio-
nes de hipocentros y magnia
chile”.

un acele

des.

rometro y un sismografo de
banda ancha, y es la primera
instalada “estratégicamente”

Estaes
cion sismologiea permanente
en el archipidiago. o

©6 Hasta el momento nosotros veiamos por un vidrio
©  que estaba empafado, medio ahumado. Esta herra-
mienta nos permitir4 limpiar el vidrio con un trapo y
ver mejor hacia el otro lado".

SERGI0 BARRIENTOS

Sembrar en el mar

® Hayes, G.H., M. W. Herman, W. D. Barnhart, K. P. Furlong, S. Riquelme, H. M. Benz,
E. Bergman, S. Barrientos, P. S. Earle and S. Samsonov, Continuing Megathrust Earthquake
Potential in northern Chile after the 2014 Iquique Earthquake Sequence,

Nature 512, 295-298, (2014).

® Schurr, B., G. Asch, S. Hainzl, J. Bedford, A. Hoechner, M. Palo, R. Wang, M. Moreno, M. Bartsch, Y. Zhang, O. Oncken, F. Tilmann, T. Dahm, P.
Victor, S. Barrientos, J-P Vilotte. Gradual unlocking of a plate boundary controlled the April 2014 Northern Chile megathrust earthquake, Nature 512,
299-302, (2014).

® Ruiz, S., Metois, M., Fuenzalida, A., Ruiz, J., Leyton, F., Grandin, R., Vigny, C., Madariaga, R., Campos, J. Intense foreshocks and a slow slip event
preceded the 2014 Iquique M8.1 earthquake, Science 345, 1165-1169 (2014).



Future Tasks
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CSN exchanges data with:
IRIS, USGS, PTWC, IGP (Peru),
INPRES (Argentina), Universidad de Sao Paulo,

Universidad de Brasilia

C1 Net
Address

seis.sc.edu

152.74.5.224
speedy.com.ar

cm.vtr.net

186.73.45.

226/24.bsnl.in
152.74.55.64
intersat.net.ar
baf.movistar.cl
intercity.net.ar

static.tie.cl

ideay.net.ni
ptwc.noaa.gov
fixed-189-174-56.iusacell.net
prod-empresarial.com.mx
205.156.56.42

Total: 101.765 GB
Gigabytes

26.0927
17.7106
17.0364
7.0944
6.5386
5.5567
5.5187
4.2099
2.7744
1.2121
0.9067
0.7823
0.7785
0.6859

GB
GB
GB
GB
GB
GB
GB
GB
GB
GB
GB
GB
GB
GB

0.5275 GB

0.4753

GB

Percent

25.6 %
17.4 %
16.7 %
7.0 %
6.4 %
5.5%
5.4 %
4.1 %
2.7 %
1.2%
0.9%
0.8%
0.8%
0.7 %
0.5%
0.5%

In conversacions with:

Colombian Geological Survey,
Observatorio San Calixto, La Paz, Bolivia
Instituto de Geofisica - Escuela Politécnica
Nacional, Ecuador

Future:
Shakemaps
Tsunami Warning

EEW

Shallow faults
characterization
Smartphone revolution

NATURE
Fuly 23, 1889]

TR TEe -
1889 APRIL I7. GR.MT.
POTSDAM.
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1 r——— Geophysical Institute, Univ. Alaska Fairbanks L &m 200 km
GPS time series courtesy of GPS Solutions inc. All original GEONET RINEX data provided by the Geospatial Information Authoaty (GSH) of Japan.
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