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Summary
Location and Magnitude contributed by: USGS National Earthquake Information Center

Event Time

2014-03-16 21:16:30 UTC
| 2014-03-16 16:16:30 UTC-05:00 at epicenter

~ Location
19.925°S 70.628°W depth=20.0km (12.4mi)

Nearby Cities

60km (37mi) WNW of Iquique, Chile
164km (102mi) SSW of Arica, Chile
216km (134mi) S of Tacna, Peru
244km (152mi) N of Tocopilla, Chile
460km (286mi) SW of La Paz, Bolivia

Related Links
» Additional earthquake information for Chile

» View location in Google Maps

http://earthquake.usgs.gov/



E-mail alert from Sismologia-IAG on the 16 of March

From: suporte <sistec@iag.usp.br>
Subject: Event Located
Date: 16 March 2014 18:20:45 GMT-03:00

earthquake |3 minutes ago, [Chile-Bolivia Border Region, magnitude 6.0, depth 217 kilometers

ATTENTION DISCLAIMER: Some of these detections may have been done automatically. This email can handle an
event that did not exist or was poorly located. Please check before making any announcement.

http/fsismo.iaq.usp.br/portal/events
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Evolution of Automatic/Manual Location
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Near Coast of Northern Chile usp2014fgyj

Near Coast of Northern Chile Origin#20140317120401.874046.36915
Near Coast of Northern Chile Origin#20140316213812.065284.26454
Near Coast of Northern Chile Origin#20140316213523.082565.26355
Near Coast of Northern Chile Origin#20140316213125.950212.26245
Near Coast of Northern Chile Origin#20140316213105.265858.26222
Near Coast of Northern Chile Origin#20140316213028.679083.26199
Near Coast of Northern Chile Origin#20140316212945.24532.26171

Near Coast of Northern Chile Origin#20140316212637.308426.26115
Near Coast of Northern Chile Origin#20140316212601.845768.26097
Near Coast of Northern Chile Origin#20140316212539.865238.26084
Near Coast of Northern Chile Origin#20140316212345.831244.26017
Near Coast of Northern Chile Origin#20140316212329.738657.25991
Near Coast of Northern Chile Origin#20140316212255.643776.25941
Near Coast of Northern Chile Origin#20140316212240.813212.25895
Near Coast of Northern Chile Origin#20140316212230.810325.25850
Near Coast of Northern Chile Origin#20140316212217.954194.25814
Near Coast of Northern Chile Origin#20140316212203.753401.25791
Near Coast of Northern Chile Origin#20140316212156.284469.25754
Near Coast of Northern Chile Origin#20140316212140.798968.25725
Near Coast of Northern Chile Origin#20140316212135.79754.25704

Near Coast of Northern Chile Origin#20140316212130.422033.25686
Chile-Bolivia Border Region  Origin#20140316212119.530754.25662
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2014-03-17 23:03:03
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2014-03-17 13:24:49
2014-03-17 11:29:41
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2014-03-17 08:51:03
2014-03-17 07:55:01
2014-03-17 07:18:14
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2014-03-17 04:59:24
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2014-03-16 22:36:51

| Latitude | Longitude | Profundidade | Magnitude (#estacoes)

2014-03-16 21

-23.30 -67.55 358 34M(D Chile-Argentina Border Region
-19.94 -70.80 10 4.1M(6) Near Coast of Northern Chile
-19.43 -70.42 10 4.6 M(15) Near Coast of Northern Chile
-19.62 -70.56 10 4.8M(13) Near Coast of Northern Chile
-19.79 -70.86 10 48M(13) Near Coast of Northern Chile
-19.70 -70.94 67 4.3 M(10) Near Coast of Northern Chile
-19.59 -70.45 41 6.1 M(21) Near Coast of Northern Chile
11.08 -73.92 10 S3M(5) Near North Coast of Colombia
-19.71 -71.64 10 4.4M(6) Off Coast of Northern Chile
-19.74 -71.22 10 42M(8) Off Coast of Northern Chile
-20.00 -68.90 137 3.9M(13) Chile-Bolivia Border Region
-20.16 -178.74 411 S.8M(6) Fiji Islands Region
-19.64 -70.65 42 45M(13) Near Coast of Northern Chile
-19.69 -70.94 43 4.4M(12) Near Coast of Northern Chile
29.31 139.28 418 S.E6M(E) Southeast of Honshu, Japan
-19.79 -70.64 10 45M(12) Near Coast of Northern Chile
-19.66 -70.72 13 S.1M(22) Near Coast of Northern Chile
-19.94 -70.77 10 S4AM(12) Near Coast of Northern Chile
-19.72 -70.74 46 6.1 M(22) Near Coast of Northern Chile
-22.10 -69.48 132 3.9M(10) Northern Chile
-17.95 -69.45 130 4.0M(15) Peru-Bolivia Border Region
-5.59 -78.06 10 4.7M(11) Northern Peru

6.78 97.64 10 6.2M(3) Nicobar Islands, India Region
-4.70 152.79 10 S.7TM(3) New Britain Region, P.N.G.
-4.96 152.33 10 5.6 mb(2) New Britain Region, P.N.G.
-23.99 -69.33 10 S2M(17) Northern Chile

11.75 -87.60 10 49 mb(13) Near Coast of Nicaragua
-5.00 153.05 10 S3M(3) New Ireland Region, P.N.G.
-23.71 -51.75 Q 3.3 MLy (3) Brazil
-60.52 -25.70 10 5.5 mb (21) South Sandwich Islands Region
24.74 121.85 68 S3IMD Taiwan
-17.63 -142.53 26 5.5 mb (12) Tuamotu Archipelago Region
-18.97 -68.75 158 42M(8) Chile-Bolivia Border Region
-19.91 -70.66 10 S.8M(19) Near Coast of Northern Chile
-19.92 -43.81 Q 3.3 MLv (3) Brazil
-19.48 -43.72 Q 3.4 MLy (3) Brazil
-18.59 -70.32 100 44AM(T) Near Coast of Northern Chile
-20.04 -70.78 10 46M(1T7) Near Coast of Northern Chile
-19.99 -70.78 10 43 M(12) Near Coast of Northern Chile
-18.65 -69.68 138 38M(D Northern Chile
-19.97 -70.59 10 46M(12) Near Coast of Northern Chile
-28.29 -66.56 134 40M(12) Catamarca Province, Argentina
-19.92 -70.66 Q 4.9 mb (16) Near Coast of Northern Chile
-53.46 -32.27 10 S.4M(22) South Georgia Island Region
-20.50 -70.94 110 43 M(8) Near Coast of Northern Chile
-19.80 -70.82 Q 4.8M(19) Near Coast of Northern Chile
-19.78 -71.01 10 4.5M(12) Off Coast of Northern Chile
-19.92 -70.64 10 4.4M(13) Near Coast of Northern Chile
-20.22 -72.78 10 43 M(6) Off Coast of Northern Chile
-19.93 -70.68 10 6.2 M (19) Near Coast of Northern Chile
-20.19 -71.07 85 A0M(D) Off Coast of Northern Chile
-17.94 -70.08 a7 A0MI(D) Near Coast of Peru
-20.06 -70.13 10 42 M(10) Near Coast of Northern Chile
-19.42 -70.96 10 43M(6) Near Coast of Northern Chile
-20.00 -71.90 10 43M(D) Off Coast of Northern Chile
-19.86 -70.61 10 46M(19) Near Coast of Northern Chile
-20.20 -71.02 84 4 1M(T) Off Coast of Northern Chile
-19.93 -70.57 10 4.1M(8) Near Coast of Northern Chile
-19.96 -70.38 10 4.4M(9) Near Coast of Northern Chile
-19.82 -70.78 10 43M(9) Near Coast of Northern Chile
-20.57 -71.65 10 4.9 M(6) Off Coast of Northern Chile
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http://www.moho.iag.usp.br/



North Chile events detected in our network

Day of Occurrence

20140316 20140318 20140320 20140322 20140324 20140326




..but aftershock sequences typically follow some rules:

Omori's Law:

Aftershock rate decreases quickly, proportionally to the inverse of time
C

C(K+1)”
But on the 23/03 (one week after) = +50 quakes M>2 in the area

n

Bath's Law:

Usually the difference between the magnitudes of the mainshock and the largest
aftershock is around 1.1-1.2 units

mainshock of 6.7 =¥ largest aftershock should be around 5.5 (not 6.2!)

..s0 what is happening in North Chile?




..first let’s clarify two concepts:

'The North Chile seismic gap:
waiting for the next megathrust earthquake




What is a ‘seismic gap’?

The seismic gap hypothesis implies that earthquake hazard 1is
small immediately following a large earthquake and increases
with time thereafter on a certain fault or plate boundaries

» Earthquakes occur periodically or quasi-periodically

> A fault that has broken recently is “safe”

» A fault that has not broken for a period of time represents a “gap”
that can break soon



What is a ‘seismic gap’?

Stress is “low” after a large earthquake and must rebuild before another large
guake can occur.

A
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What is a ‘seismic gap’?

Conditonal Probablity
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What is a ‘seismic gap’ ?
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What is a ‘seismic gap’?
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What is a megathrust earthquake?

Largest and most destructive earthquakes on Earth
Occur at subduction zones '

Can reach magnitudes above 9

Sumatra 2004 9.1 227898 1000 km 30 m 15 m
Chile 2010 8.8 525 500 km 16 m 10 m
Japan 2011 9.0 18517 500 km 50 m 37 m




What will be the next megathrust earthquake?

Cascadia Subduction Zone North Chile

The December 26, 2004,
magnitude 9.0 Sumatra-
Andaman Islands earthquake
rupture zone is comparable
to the size of the Cascadia
subduction zone.
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Energy (ergs)
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How ‘mega’ is a megathrust earthquake?

Chile 1960

“se

Annual U.S. energy use m

Alaska 1964 o
Mt. St. Helens

Daily U.S. energy use
San Francisco 1906
Mexico City 1985

1/ Large underground
nuclear explosion

Loma Prieta 1989
Armenia 1988
Coalinga 1983
San Fernando 1971

Newcastle 1989

Bikini atomic bomb test (1946)

| | i | |

ro

Magnitude

In terms of energy release:

0.1 unit magnitude ~1.4X
1 unit magnitude ~32X

M9 is 32 times stronger than M8

and

1000 stronger than M7

Japan 2011 M=9 was 1000 times
stronger than Haiti 2010 M=7



How ‘mega’ is a megathrust earthquake?




North of Chile

Perfil de Profundidad
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North of Chile

Seismic gap present since 1877

+137 years accumulating stress |

6.5cm x 137 yr =9 m of slip !

Seismic Moment = M,=puDA

Considering rupture area =
A =500km x 150 km;
and u =35 GPa

My=2.36 E+22 N'm

Magnitude = %X log 1, (Mowment ) - 16.1]

Worst case scenario:
= Mw =8.7-8.9

-68
Béjar-Pizarro et al., 2010. GJI



North of Chile
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Interseismic Displacements
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Interseismic Displacements
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latitude

Interseismic Coupling
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What can we expect?

Q) Seismicity decays
(@ It breaks in smaller segments (2 x M~8.2 events)

@) It breaks the complete segment filling the North
Chile seismic gap (M>8.5?)



latitude

0.2

What can we expect?

2) It breaks in smaller segments (2 x M~8.2 events)
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What can we expect?
3) It breaks the complete segment filling the North Chile seismic gap (IM>8.5?)
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What can we expect?
3) It breaks the complete segment filling the North Chile seismic gap (IM>8.5?)
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What can we expect?
3) It breaks the complete segment filling the North Chile seismic gap (IM>8.5?)
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Obrigado



