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Seismicity of Chile s
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* High rates of seismic prouctivity
- Number of events per unit time
- Giant earthquakes
» Approx. one magnitude 8 earthquake
every decade
» Different types of faults and
seismogenic regions
« Significant number of events followed
by tsunamis
 Shallow seismicity
* Active tectonics close to urban
centers and infrastructure

-45°

:

1\0"" AW 100w W SOW 5w o W 0w "’; A
fow

ANTARCTIC
PLATE

s
%W

Sl
-82-80-78-7674'7270"68"66"

In Chile, since 1900, in terms of

Disasters of Natural Origin:

» 99% fatalities due to earthquakes and tsunamis

* 98% economic loss due to earthquakes and tsunamis
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Maule Earthquake 2010 CSN'\A
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Maule Earthquake (2010) csy\:
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Horizontal displacements (GPS) CA-K,N‘\N
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Interferometric Synthetic Aperture Radar CSN‘\N

CEN TRO SISMOLOGICO NACIONAL
UNIVEHS IDAD DE CHILE

SAR — Paracas Peinla

satellite g S \:"‘m S
V. eoii transmitted/ ~ Xy « .

¥ received signal

R = Time delay/2
« Light Vel.

/

18'S

o
ground surface

Mejillones
| Peninsula

12 WAVELENGTH 2 24‘8
FIRST.FRINGE

i Contours of

darr Bow Awh Bon 4,
Ap= Vs + meine + 3 + A® ground
| deformation
i 26's (ol I
T T T l 40 10cm ‘
Franges Topographie Délormation Bruit | y it
Orbitales 76°'W 74'W 72'W 20'W e

Loveless et al, 2010



Recent Earthquakes csi\

CENTRO SISMOLOGICO NACIONAL
UNIVERSIDAD DE CHILE

PALSAR ScanSAR-ScanSAR interferometry
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Large Tsunamis in Chile
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Place
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Tsunamis
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In Chile, due to disasters

of natural origin, since 1900
earthquakes and tsunamis

have produced :
® 99 % of fatalities
® 98% economic damage

Runups 4 m or more:
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Large earthquakes in
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Moreno (2010)

Compararison (Mw)
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Yao et al (2013)
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GNSS and horizontal displacements
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2014 M=8.1 2015 M=8.3
Year Magnitude Mw Area (Ha) Observations
1960 9.5 800 Estimated
2010 8.8 140 Observed
2015 8.3 12.1 Estimated
2014 8.1 11.8 Estimated
2014 7.6 1.5 Estimated




GNSS and horizontal displacements CSN‘\N
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Distance from the trench (km)
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Coastal elevation change
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Seismic Network in 1911 SN\
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20 estaciones IPOC
10 estaciones GRO IRIS
2 estaciones Geoscope (PEL, COY)
3 estaciones GSN (RPN, LCO, LVC)
e 64 estaciones(BB+SGM real time)
e 130 GNSS (real-time)
e 297 acelerometros (Minvu)
Para despliegue rapido
e 40 sistemas portatiles

,\;\f\fv Satellite or Radio Spread-Spectrum

Seismic Station Function

Record seismic data from 0.01Hz to 40 Hz
Provide autonomous 12V power to system
Transmit data either via:

RF to concentrator or

Satellite to internet
Emergency data backup

Recording System Detail

___________________________

- n
o [ Communication Controller
P
P
P
-
P
-

[ Data Acquisition System
[ Power conditioning

____________________________________

-] Underground sensor vault
Underground sensor cables P

\" ||| Broad band seismometer
H|1] 0.01 Hz to 40 Hz

N\ 1)
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Observation System CSN‘\N
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CSN intercambia datos con: CSN intercambia datos con:
IGP (Peru), INPRES (Argentina), IRIS (USA), IRIS

USGS, Universidad de Sao Paulo, Universidad de USGS ISC

Brasilia _ | PTWC UNAVCO

En conversaciones con: EMSC JAXA, NASA

Servicio Geoldgico Colombiano,
Observatorio San Calixto, La Paz, Bolivia

Instituto de Geofisica - Escuela Politécnica Nacional Acuerdos alcanzados con:
ENDESA (para estaciones)

AES-Gener (para estaciones)

Red C1 (ejemplo Total: 101.765 GB

Direcci()n( jemplo) Gigabytes  Porcen. SERNAGEOMIN (para respaldo datos)
seis.sc.edu 26.0927 GB 25.6 % . :

152.74.5.224 17.7106 GB 17.4 % httD.//WWW.CSﬂ.UCh”e.CV
speedy.com.ar 17.0364 GB 16.7 %

cm.vtr.net 7.0944 GB 7.0 % L
186.73.45. 6.5386 GB 6.4 % o

226/24.bsnl.in 5.5567 GB 5.5 % | ecy ®

152.74.55.64 5.5187 GB 5.4 % 456 o .
intersat.net.ar 4.2099 GB 4.1 % |

baf.movistar.cl 2.7744 GB 2.7 % St ° e o
intercity.net.ar 1.2121 GB 1.2% ] A e ® ® &
static.tie.cl 0.9067 GB 0.9 % i T ] A
ideay.net.ni 0.7823 GB 0.8 % el g 22 4, Ak o &
ptwc.noaa.gov 0.7785 GB 0.8% o
fixed-189-174-56.iusacell.net 0.6859 GB 0.7 % 2015 2016

prod-empresarial.com.mx 0.5275 GB 0.5%
205.156.56.42 0.4753 GB 0.5%
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Data Base Contacto

Search Events Data Base About Data Base
Filter events. Choose ASCII and/or Binary for data format and click on "Download" button [ENG] The data base contains
instrumental information about an
specific events catalogue prepared
by CSN seismologists. To obtain
information about latest events

Hates published by CSN, please follow to
Magnitude: Time UTC Latitude ~ Longitude = Magnitude E’Kﬁ;h Detail CSN Official Website
Latitude: 2015-11-22 In case of any data error you found,
[ — 22'16-'54- -23.627 -69.052 | 97.4 G) please mail to evtdb@csn.uchile cl.
g . T Please check Frequently Asked
Lori 2015-11-21 Questions (FAQ) section before
[km]: -- 23:05:28 -30.607 -71.797 6.0 34.9 @ sending a mail.
2015-11-11 [SPA] La base de datos contiene
| 02:46:16 ) THET e nE @ informacién instrumental sobre un
Submi 2015-11-11 catalogo especifico de eventos
foml i -29.46 7212 5.9 329 preparado por nuestros sismélogos
01:54:36 @ Para obtener informacion sobre los
re ultimos eventos publicados por el
?215‘:581317 0 Sl -71.456 5.0 38.7 @ CSN, dirigirse al Sitio Oficial CSN
2015-11-09 I e . L — En caso de dudas o errores

evtdb.csn.uchile.cl
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-
<

Stations
86 ready installed
44 to be installed
at 6-component sites
4 vandalized

e Comms
40 PPP (RTX)
Vsat, 3-G, Internet
Not all of them connected yet

« 92% replacing existing

ENS/IPGP/CALTECH/CAP/FENIX
(UNAVCO et al), UdeC (Baez et al)

www.csn.uchile.cl
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Under implementation
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GNSS and horizontal displacements
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W-Phase (s. Riquelme) CSN‘\N
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Focal Focal Number of
W-Phase W-ph W-phase
0.T+ Manual W Bhiase 0.7+ Manual O.T+ Manual Mww Mw Mww Mechanism Mechanism Stations and
USGS PGD GPS USGS WGPS Channels Gap °

3-7 minutes

m oT

> El Mayor -Cucapa

72 718 T4 6 8 28 & 31 211
30-40 minutes
55 minutes 88 885 B89 12&20 343
2011: 6 events 2012: 14 events 2013: 9 events 2014: 58 events 2015: 47 events
Tohoku, Japan
Mww 6.5 Mww 5.5 Mww 5.1 Mww 4.9 Mww 4.8
36 T 103 9 909 9.0 375 & 534 171
Global Bropdpanq Regional Broadband Regional GPS
Iquique, Chile
82 819 81 11&11 173
548 P — S
§ ol 8 Iquique, aftshck @ @
H H 7.7 7.9 14&29 188
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o [
E 10001 E
F F
lllapel, Chile @ @
sool oot AP (NN (| 200 §
A 83 819 84 15 &18 118
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30 4 8
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Rupture zones of recent reverse
thrust earthquakes in Chile

‘ Slab 1.0 (Hayes et al, 2012) |
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v %
s
k e
'
ORI °
N AN
B
L7
[ 7

19°S

- 35°S

20°S

Okada formulation
Strike, dip and rake fixed

21°'S




CSN‘\N

CENTRO SISMOLOGICO NACIONAL
\ UNIVERSIDAD DE CHILE

2 Il Il
1 Displacement (cm)
1 - -
20°S £ 0 ---------------------Q----e--E%ﬂ--ag;@:@mg&%ﬁmmﬁw---------
o ] 0w s g w QA s I
2 - To, =& ° v = i
-2 B
-3 T T
. 1 10 100 100C
25°8
2 Il | Il Il | Il | | Il 1 |
|10 7.7 Tocopilla » 8.3 Mapel
1 42 8.8 Maule Angle (deg) 0 8.2 Iquique |
-, _ R |
5 0 _ i w@% Bl . @OOD -
)] 4 0 A’?
X g 1 % % a O E
i ) ° 2 m] g
"‘ T 30 S ] " % E
o %) “ i
—3 b T ¥ I I i T b I r I 4 I I I B I I i
-60 -50 40 -30 -20 -10 0 10 20 30 40 50 60
2 " " L L Il L L L " Il L L L " | L " " L L
] Distance (km) ;
-~ 35°S 11 |
= Sy, B : N A e e e s )
5 0 . & - e ﬁ%%*%u @k;ﬂeiﬁn E;B %‘ﬂQEAAA P Y
)] & #r o
g =1 a8 g ¥ kOF i
] o ¥ s
; -2 # a |
T @ -3 T s T e B e e e S e U S
Zﬁ B S 50 100 150 200 250 300
p=3 = 3



23 Agosto 2014 M=6.4 csnV

CENTRO SISMOLOGICO NACIONAL
UNIVERSIDAD DE CHILE

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
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Hora UTC: 13:30:17
Latitud: -29.776

Longitud: -71.281 f24's
Prof: 60 km :
Mag: 4.8 Ml

Ref. Geog. 14 km al NO de La Serena
Sentido Il en Coquimbo, La Serena, Ovalle,
Los Vilos, Paihuano, Rio Hurtado, Vicuia

g 26'S

2014/11/29 13:31:54 UL: 4 REGION GEO: (none, not used) 28'S
TXT: Leve sismo en la conurbacion Serena-Cogbo

2014/11/29 13:31:54 UL: Pico La Pampa " GEO: -35.696, -63.758 (C) GEOS: Maraco, Maraco, La Pampa, Argenti
TXT: Sigo aguardando el temblor

2014/11/29 13:31:45 UL: La Serena, Chile GEO: -29.902, -71.251 (C) GEOS: La Serena, Elqui, Coquimbo, Chile
TXT: Fuerte sismo en la serena

2014/11/29 13:31:44 UL: None GEO: (none, not used)
TXT: Uhh temblor

2014/11/29 13:31:34 UL: Coquimbo - Chile GEO: -29.954, -71.338 (C) GEOS: Coquimbo, Elqui, Coquimbo, Chile H32'g

2014/11/29 13:31:30 UL: En mi hogar marmoteando GEO: 44.944, -86.418 (C) GEOS: , , Michigan, United States
TXT: El manso pencazo del temblor

2014/11/29 13:31:29 UL: No location string GEO: None
TXT: Temblor !l La cago pa fuerte !!

2014/11/29 13:31:28 UL: Valparaiso/Vi??a del Mar/Conc??n GEO: (none, not used)

1348

2014/11/29 13:31:27 UL: la serena, chile GEO: -29.902, -71.251 (C) GEOS: La Serena, Elqui, Coquimbo, Chile
TXT: Temblor

2014/11/29 13:31:26 UL: La Serena, Chile GEO: -29.902, -71.251 (C) GEOS: La Serena, Elqui, Coquimbo, Chile
TXT: Largo temblor en La Serena!!!

2014/11/29 13:31:26 UL: None GEO: (none, not used)
TXT: Temblor en Coquimbo!

2014/11/29 13:31:25 UL: La Serena GEO: -29.903, -71.251 (C) GEOS: La Serena, Elqui Province, Coquimbo Region, Chile
TXT: temblor en la serena

2014/11/29 13:31:24 UL: LA SERENA GEO: -29.903, -71.251 (C) GEOS: La Serena, Elqui Province, Coquimbo Region, Chile
TXT: Temblor en la serena
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Fault Displacement
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Easting (cm)

Northing {cm)

Slip, Max: 4.5 m, Mag: 8.03
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17.000 yr
8.000 yr
3_ 5 m sca rp Santiago Rilo Mapocho

~550 m

Cerro San Ramén
Farell Plat
3249 m Rio ;;;,',,:n“ 21€3U Cordén del Quempo

P
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70°21'W
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N Agoquindo - Los Ruios aniictines Uplifted Piedrmont

» Complete the geodetic system for rapid responde
» More instruments in Aysén and Magallanes

» More instruments in the Metropolitan Region (SRF)
» Two Kestrels (acceleration and displacement)

» Smartphones experiment

» EEW prototype for Central Chile

» Submarine Observation

Nepal Earthquake



ACAGUE/Gorkha Motion-2.m4v
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ChEAP Project csN\
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http://escweb.wr.usqgs.qov/share/highrate-gps/ged
&

C escweb.wr.usgs.gov/share/highrate-gps/qed/ W
Work to Date & Plan for 2016: Proyvecto ChEAP e P e e W B
= Map Satelite |LaSerena ;73 Lat: -30.4108 Lon: -71.7407 { )5 'A‘:

— ) 3 3N W

- Android Software (“QED")
- GPS printed circuit board 3 R ! - A X 4
-AC/DC enclosures o P = (PP
- Server socket manager » : : . Feb2016- Dec 2016: = f«/
- Build out network
- Tune algorithms
(FINDER/BEFOREs)

J/.‘ GMT Time: 18:23:11, Jan 29, 2016

AP QED Chile Sites

) ’ Number of active sites: 7
Monte Patria,

45 g e External GPS Streams

Show Faults
Show Station Labels

Show Time Series
Show Scatter Plots

Network/Agency Color Code:

I I QED Units

Center map by site code:
Select $

OBJECTIVES

1. Demonstrate the crowd-sourced EEW approach
with a low-cost sensor network

2. Test & develop new algorithms, ground-truth
observations (CSN network)

3. Further CSN/USGS collaboration

Streaming Status:
A0—1sec AZ—dssc
A5-10sec AH—SOsec
A 30 - 60 sec A Unavallable
A > 60sec

Note: Station time series are available

for the previous 72 hours. The station
rolls off the display when no updates
have been received during that time.

ZUSGS

science for a changing world
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http://escweb.wr.usgs.gov/share/highrate-gps/qed
http://escweb.wr.usgs.gov/share/highrate-gps/qed
http://escweb.wr.usgs.gov/share/highrate-gps/qed
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