= USGS

science for a changing world

U.S. DEPARTMENT OF THE INTERIOR EARTHQUAKE SUMMARY MAP XXX
U.S. GEOLOGICAL SURVEY
- I k
General gszed Selsmlg Hazard Tectonic Setting Epicentral Area e ity
80° ’ 65° 80° ’ 65° ° [Carnegie Ridge QUQUITO y
15° o A e }.:-,- G 15 15° 5 ﬁ ey ;7-" Qi\v\ J ER 15 0750 San Javier % ‘ r 70 650 . v 4 /~S S\‘\C:C)I_()I\/IBIIQ\\\
N - 3 » . m TR R & UYEI Py e < San |
P E Q . Titicac ) P E Q o . Titicac : 15 |Ca// R %zgszz;icga. ek @Arcata Jiigua — @SQQ.OC&%Ocuvm 1g'mi390 Chupa \ UILa rvaPOI:; t ‘ i“ \ ’ Y ® José o/ o 150 C (%R ,.” \L O ./
%a . “‘zv % LA PAZ - ZAQ f xk&» ‘% LAPAZ - oA @0 LAVPA . 4 oFlpr del Mundo e Anta\| de PupujatATapa vwmcane safecapGyna oCamata__. o R Y N ’ j
guna Redonda o oo Qs‘ . I\ @ Cpilloma C:'ndoroma Vlawlla o jUgehled & uiluni 8 ) Ganastd DAY J
P %A’V %A‘? ) 5 Bcr- o o Hudpatg TR oy 2 ~€ﬁarca7a Catah ~~__ *Orcopampa | © @ o - LA \ 0 'ws'o A kosaspata \@’!neral oArggL%eoco | TARAPACA PROVINCE, CHILE 5 < “7 I
Arequ|pa% >¢ O L I V Areqmpa% é / O L1V ,l % oEl Jaguay \EI Molifl® L -’Sﬁn"’d’o’rﬁ\_ é\re mp&(:h D'oTutisjb 1 Z  Paraia  Lamfuag( el o:z» Perez.I IMChuma J ) v /i
AR ‘ i o b= 1 <\ aipi °- acas ibayo N A talaque f ar
18 AL ' PLANO AL T PLANb Puerto de Ljma Be"a Acaa Jadi= ‘ OHSanuhuan Cahuancho.c1aucalla Asjagl}a o oMad"gal \\ oo . .C Cag;?\a b ( OIF;uento eanagnd 13 June 2005 22:44:33.77 UTC pueto @) i‘_‘»\,’
r ol A \2 r Yo cra@® Guara Qlicacha Mina Parirahu Pampacolca‘/.ﬁbamcond( ma  CHIVAY Y oLucnaP;uc lla HateGaichica  §° ®° 0| Timusi Yani 19.961°S., 69.114°W. Calfimonte - i
N A RLATE OO ATE ® Tuk o g S ala ™ Sora . - .
) . A\ e oChalal  eChaparra Calpagara 196 Hu&mb Vilque arabuco . da 5 ¥ 5
-3 C; S ® a?‘ . S @ & T Aine Vieio®gachanizo | ®ananta \‘na um‘m Qndamayo Tan ¢ . A qullacad%ﬁ%mpa:\) £ aca Depth 115 km 9 ]"'"__:_‘
B Sucre & St Sucre N e , T s e L P. E o> T B § 18R | vw = 7.8 (USGS) N e O I s e Vo 7
: \ L : - 0 4 IS Acora ~ i 3 3
. 20° 20° 5 20° N ORI DY R ST e e e a0 | | B a3 BRAZIL
L. wn ° cOme.. *Pitay A i \ Ssgor This intermediate-focus earthquake was located beneath the :
A N e I8\ /e p . Andean foothills of Tarapaca Province, northern Chile. Five ! r \
m 3/ /N N ‘ g ® saAREQUlP?xQ \< . . . @)
PFin ﬁl‘é AN 0. Vg o 2 2 @ \ Punoe O i were people killed by collapsed buildings and 6 people killed : - EXPLANATION
F N AA "Po\”_ NN O@iANIel Ca - { oPug aé ® \s\ Huacuﬁ:,?.guadeggmiu} when their vehicle was struck by a boulder near Iquique. Sev- gk A e \ |
5y} ; ',y\-;.,-, . \ ’ @ @ slatoya  .J ~ ¥ SIS L~ eral houses collapsed (VII), power and telephone services / : :4 Main Shock
- : e ) ' { Moduegua //;‘\ oh o é .m/a’com'a interrupted, roads damaged and landslides occurred in the 10° : po o “} 10°
Chile Basin {= /Anto Ogg‘% . > & =\t / o= Iquique area. A rock fell from EI Morro near Arica. Felt (V1) at / Y * 13 June 2005
RN _eCocachacra) eToraa A\ ~’SANT] Calama and Tocopilla; (V) at Arica, Chanaral and El Salvador; [ k
M ®) { Y ® ™ SANTIAGO pia; , L ; L
25° A — 25° 25° a2 3 — 25° . TMO?WNA  * HQM \“2’4‘1[‘14'1:/ PEMEAR (IV) at Antofagasta, Caldera and Copiapo. Felt throughout . Earthquakes 1900 - 2005
t ! ﬁA A JOQUEPRLA = eSitaigna Do § northern Chile. Also felt (V) at llo, Moquega, Punta de Bombon = ° ‘
‘ YA 0 1AL /’ L'a'..194‘ /N )@ L Geferal and Tacna; (V) at Arequipa, Peru. Felt (Ill) at La Paz, Bolivia. ”‘*«\v 0-69km
- Isla San Ambrosio - Isla San Ambrosio | %@ /] \ e Tacﬁgw; s Charanagyel? Felt as far away as Santiago, Chile and Brasilia, Brazil. «® "\,( ® 70-299
B ; ¢ S ; ;o i S
4 : Camizga K S @ 300 - 699
g Al - g @ Indust § *TO] olal NZALDO Pocona Chimboafa
' . 4 i e eTomasii o | A"{\ &0 'CURAHU;?{EGRA‘&‘SQI\PAELA il PangTo\l Ao S 3;)#51 CAF:IN T& 83 TOTPRA 15° _{ 15° M itude ClI
# ’ NN ’ eYalata @ J 3 BI@ *Burguiflos 3? ocha N Vllac amba o Sivincani H A\ agnituge Llasses
- ’_,J ’ ‘ # ’;" E 4 DE CARANGAS  challavita UHUUQUJ!O », Sivincay oleQuE Peru Basin L I V I A |
NAZCA L - - NAZCA sy - s ] DA TR G | e -' 5 50-59
PLATE Ll ¢ N PLATE N : {48 » TV -T"bi%ﬁxf:@; sL;Z MRrococala *OR0TORO A1
i N ’ . N y Oss (] A O ncia san Antonio SoCulluri - El Chor [|Sora® HUAN.UNI gag \\ eMincror g © 6.0-6.9
A . o / - o QCentraI A \ agua Rica ge Nor,ala Cor - % P edro N pé
30° O =4 30 30° ®) = 30 1915 g POOPO , ! :EQEI\APOPANACCHI Es(anma = P A C I F I C O C E A N AR\ . U 70-79
i/ . | et | . ¥ . oumagata tancia Cr eOpoqueri Estancia Al e s ® Chihguri \\‘ P 3 ’ (S i
PACIFI ¢ SOUTH | PACIFI ¢/ SOUTH - - %‘. WU = o S NG f)jé::\éﬁ:mw A { 7 : 14 O 80-89
\ 0 \ 4 ) Huachgcalla » uro ) *PO( ' i
O C EA o AMERICA O C E A S AMERICA Sz I SR e ° \ _iChgifiitate ¢ Chqui -A- Plate Boundary
3 PLATE A PLATE ® %4 RomelptESENcR " ighy  CHAAPATA Y | WCHOER L et
- ki Q® - SABAYA Pampa Pera oo N\ ® Marag Chao
WERIER B =2 — It Tian e rhanG = 5 1%87 P Penani * Chullunguiani % gco \ \EstancesU
s e emzn . ) 'SANT'I AGO R emaAn Z £ SANT'I AGO & # @\ /N (" \Ghalla Kiota .Sa"g‘j{, Urimir ) 2 bhiunajomu A Volcanoes
A T A N e Chin e o | Y o R N e T \
Tar D o SN *COLAVL_ \ J
rza g
° o 3 @ chigfs /’I @ [3 c ) (O L J. = I A OMllla es
35° 35 35° 35 %glga e o () T~ _ESada QRIS AN
~ ma. ‘ 19 Chacomas— . —/,,/’ Pugujrumo .MULA'K ov@®n - y i
EXPLANATION o S~ , PORCO  epPUNA -
{HUCHUe® ®BELEN e Combinidad Keluyo ’ G J
20° Main Shock - sy NoEND | PapeeTembe {1 o MAIN MAP :
| o ® & echia ST o e & psalLucas 1LY 'ﬁ o ed - ( C
| gf&?fiﬁ%i ] ?. . i g AP C;:;ﬁ:;ﬂzf‘,v.mg S ita san Fe’li)l( FLAL fog 2 :C
= i ? 13 June 2005 % o J *kulla el 8 MBI | e ook :
e P 1957 ©PULACAYO oropaca\ ‘ Jlsla SaiiAmbrosio - :
RELATIVE PLATE MOTIONS < Smados o 97;\\ @ suxon “comuoa | Al 272t % i g
! Aftershocks 13- 30 June 2005 4 > e 1ian r TNA
40° The relative motion of adjacent tectonic 40° { fﬁ - 30-3.0 o0 1949‘@ (JTAY g i Potosi - / : & P40
plates is depicted on the map by short n 4040 L Bujoca iy o ST - ;
vectors located at selected points on the SO 3 parbara Augeisaca :
plate boundary. In this presentation, one (] 50-5.9 " [ ] ,". | 30° : £ 30°
plate is defined as the reference plate.The Seismicity 1900 - 2005 e S orloca { fEiPupnie 85° 80° 75° 70° 65° 60°
vector therefore represents the direction of Y 2 R SCALE 1:17,000,000 at the Equator
the moving plate relative to the reference ® 0-69km svity Sl TUPZA BNgCeTis Mercator Projection _
plate. The rate of relative motion is label- ® 70-299 . e |eesTarca jarl) Kilometers
led next to the vector. @ 300- 699 o *TALINAeMoraja  ° 0 100 200 100 000 800
45 . i .E%DA‘LUPEW L Cbagua Mojo \\OYunch ra
7 ®San Aftonio e -
The components of the vector perpen- Magnitude Classes ¥ Tocos de Estorsea -4 w\\ Depth P rOfI IeS
dicular and parallel to the plate margin o 40-49 i =0 o/ (JLS Q“"Ya” D F A A’
approximate convergent/divergent and 5 50.59 ELENA® . ' 193 !' p N\ O 9 km 110:m 200km _300km _400km 500km 600km _700km 800km 900 km 1000 km 1100 km
. . . . . ’ 7 .
transverse direction of motion between O 60-6.9  FOBE sRngnaca /jos EXPLANATION " ® DATA SOURCES
the plates, respectively. As viewed from O ALDIVIAs 1941 ‘.o (é _ 00 kin 100 km
the fixed plate, an inward directed com- 7.0-7.9 o i e Y Main Shock ®0 o
ponent suggests convergence at and O : . e ee :’ S Pampa o8e EARTHQUAKES AND SEISMIC HAZARD
8.0-8.9 oo 98 \eiruya USGS, National Earthquake Information Center
near the plate boundary that may be ex- dracol . \ 13 June 2005 fookm 200 km ; .
: . 1 %1929 ® N NOAA, National Geophysical Data Center
pressed as crustal folding, uplift, thrust Plate Boundary Central o/ / e : .
> ) o 2 Rioja o @ , Juiu IASPEI, Centennial Catalog (1900 - 1999) and
faulting, or plate subduction. Similarly 5 ) A t ? @ t g = g / Earthquakes 1900 - 2002 ; e
an outw,ard directed com on.ent sua- ’ —A_ Subduction ce=riilios NLoFragrisia 196 e HumahifEa 00 km 300 km extensions (Engdahl and Villasefior, 2002)
ests plate divergence sugh as wou%d y d:éue/itas y ® @® 0-69km ® HDF (unpublished earthquake catalog) (Engdahl, 2003)
ge exgected at agone of crustal spread- A Volcanoes < O e ® @ @950 o ) ® 70-299 00 km 400 km Global Seismic Hazard Assessment Program
. @ opei i
ing. Transcurrent or transform faultin , et - T P j -
la GIENGY ' e expected when the predom- Airports BB oo 1 N o RGENTINA © 300-699 PLATE TECTONICS
del el | p 1the p lestina® e moren® Magnitude Classes 00 km 500 km PB2003 (Bird, 2003)
inant vector component is parallel to the .(.( Active Civil T — . o . i
plate margin. *Ajuas Blancas ONeuﬂ A 9 " Ofcapa ~) eLeon o 50-509 ®
; i i i : e Imilac e Q6 sanAntgnio  \ SAN SAJVADOR 00 km @ 600km VOLCANOES
< Active Civil and Military L~ - A L ;] *hm 9 LoRCRES \ Feouafy © 60-69 ® Smithsonian Institution, Global Volcano Program
T Active Military o Lacaild® f écompa Salar de salt \\ A:PO.%e co O 7.0-7.9
+ Other ] / : o Tolar I T GPueria T @ipa 00 K 100 km 200 km 300 km 400 km 500 km 600 km 700 km 800 km 900 km 1000 km 1100 kv <™ BASE MAP
4 ® A ® Grande * Tasiil anco A Volcanoes GLOBE (1999)
— \. ®GENERAL MARTIN ]
ANTARCTICA ANTARCTICA N // ) ‘\ g&;‘;ﬂz_ribALTA IGUELDEGUEMES L J o nQBkm 100 km 22 300 ki ms_500 km _600Am 700 km 800 km _900 km _1000 km 1lBoo s :\lol(,\il,AHOc,j aEngR?ODDCt(ZIO(?t?) of the World
PLATE PLATE o D S ~ \ Cerrillos b, % e ® an , Digita arto e Wwor
25 750 “Rosaio 65"250 o '. USGS, EROS Data Center
e Lerma
ki L ki
SCALE 1:3,500,000 e . M NEWS SOURCES
60° — — 60° 60° — — 60° Albers Conic Equal-Area Projection L e e ABC News Online
80° AL 115 000 000 65 a0 65 N I Kilometers 200 km P 200 km Guardian Unlimited
Transverse Mercator Isrojection TranS%géléEMl;;?ooro,ﬁggcﬁon 0 50 100 200 300 400 "X o
B T I Kilometers B T N K 300 k ® 300 k
o 100 200 100 w00 500 — ” - o0 wlometers DISCUSSION LARGEST EARTHQUAKES 1900 - 2005 LARGEST EARTHQUAKES 1900 - 2005 : ; REFERENCES
EPICENTRAL AREA EPICENTRAL AREA
This earthquake resulted from the release of stresses that were gen- (Continued) 400 km 400 km Bird, P., 2003, An updated digital model of plate boundaries:
4 ™ - N erated by the subduction of the oceanic Nazca plate beneath the South YR MO DY  LAT LON DEPTH MAG Geochem. Géophysr,). Geosys%. V.4 no. 3 ppp. 1027- 80.
EXPLANATION EXPLANATION American plate. In this region, known as the Peru-Chile subduction YR MO DY  LAT LON  DEPTH MAG o o
Mai ; zone, ongoing subduction occurs at a rate of about 7.8 cm/year in an 1905 4 26 -21.000 -70.000 60 7.00 Enadahl. E.R. and Villasefior. A.. 2002. Global Seismicity:
ain Shock Plate Boundaries Main Shock t-north-east direction. The subducti ¢ 1906 8 30 -21.000 -70.000 O 7.10 1951 4 14 -23.300 -66.400 223 7.00 o ngdahl, E.R. and Villasefior, A., , Global Seismicity:
ain Shoc east-north-east direction. The subduction process generates numerous 1906 12 26 -20.000 -73.000 O 7.00 1952 9 21 -22.230 -65.989 271 7.10 ® 1900 - 1999, chap. 41 of Lee, W.H.K., and others,eds.,
* 13 June 2005 % Continental Convergent earthquakes and volcanism, and actively builds the Andes mountains. 1910 9 6 -25.000 -70.000 O 7.10 1953 12 7 -22.538 -68.845 108 7.20  °600km P 600 km International Earthquake and Engineering Seismology,
_ _ 7’1{ 13 June 2005 Subduction zones [http://earthquake.usgs.gov/image_glossary/ 1910 10 4 -22.000 -69.000 120 7.20 1957 11 29 -20.402 -67.307 157 7.40 o Part A: New York, N.Y., Elsevier Academic Press, 932 p.
Seismic H d Continental Rift subduction.html] produce the biggest earthquakes on the planet. The 1911 9 15 -20.000 -72.000 O 7.10 1958 1 15 -16.779 -72.503 69 7.00 700k 00 ki
eismic Razar 2L Continental LL Transform Plate Boundaries largest earthquake of the past 100 years, the magnitude 9.5 1960 Chil- 1913 7 28 -17.000 -74.000 0O 7.00 1959 6 14 -20.369 -68.881 112 7.50 "OKkm 100 km 200 Kkm 300 km 400 km 500 km 600 km 700 km 800 km 900 km 1000 km 1100 ki Engdahl, E.R., Van der Hilst, R.D., and Buland, R.P., 1998
[10.0-0.2 m/sec? — Continental RL Transf ean earthquake [/neis/eq_depot/world/1960_05_22.html], occurred in 1913 8 6 -17.000 -74.000 0 7.80 1959 7 19 -15.092 -70.391 208 7.10 c' Global teleseismic earthquake relocation with improved trav-
e = ontinenta ranstorm . the Peru-Chile subducti The 1960 Chil thauake ruptured 1914 2 26 -18.000 -67.000 130 7.20 1960 1 13 -15.814 -72.788 95 7.50 C : g :
- ) Continental Convergent € Feru l1le subduction zone. |1 ne liean earthquake rupture O0km 100 km 300 km _AQ@kn_50Q km 600 km 700 km _ 800 km 900 km 1000 km_1100 km el times and procedures for depth determination: Bull. Seism
02-04 Oceanic Rift 2.900-km lon . 1915 6 6 -18.500 -68.500 160 7.30 1960 12 2 -24.677 -70.089 15 7.20 0 km x m : : :
) ) - g swath along the Chilean coast about 2000 km to south ° e Soc. A 88. p. 722-743
104-08 A _ Continental Rift fthe 13 JUne 2005 earthauake. The devastating 26 December 2004 1916 8 25 -21.000 -68.000 180 7.00 1962 8 3 -23.298 -68.004 116 7.20 e (o ® oc. Amer., v. 88, p. :
——— — Oceanic RL Transform _ orthe 15 June carthquake. 1he devastating o December 1921 10 20 -20.060 -68.956 114 7.20 1967 12 21 -21.864 -69.948 43 7.40
08-16 _a_ Subduction = Continental LL Transform Sumatra-Andaman Island's earthquake and tsunami [http://earthquake. 1922 3 28 -21.454 -68.130 136 7.10 1967 12 27 -21.211 -68.185 116 7.00  00km Bty 1okm G OBE Task Team and others, 1999, The Global Land One-
[CJ16-32 — Continental RL Transform usgs.gov/eginthenews/2004/usslav/] occurred in a subduction zone in 1922 10 11 -16.125 -72.385 160 7.60 1974 1 2 -22.450 -68.326 120 7.10 Kilometer Base Elevation (GLOBE) Digital Elevation Model,
[132-61 A Volcanoes o - Rit the Indian Ocean. Those and others of the very Ia_rgest subduction zone 1926 4 28 -22.665 -68.164 35 7.10 1976 11 30 -20.472 -68.893 134 7.60 200 ki o 200 ki Version 1.0: National Oceanic and Atmospheric Administra-
=$= ceanic Rift earthquakes were thrust-fault earthquakes on the interface between the 1927 11 26 -24.320 -66.963 179 7.00 1979 2 16 -16.535 -72.551 55 7.20 tion, Boulder, Colo., USA
\. J — Oceanic RL Transform subducting plate and the overriding plate, and much of their seismic 1929 10 19 -23.038 -68.737 35 7.40 1987 3 5 -24.395 -70.102 45 7.60 ’ ’ ! '
o Subduction energy was the result of faulting at depths of 50 km and less . The earth- iggg 13 gg ‘gg- égg ‘gg- ggg 23? ;-gg igg; fl ? ‘gg-ggg ‘gg- gzg zgg ;-88 300 km 3k 10, IHO, and BODC, 2003, Centenary Edition of the GEBCO
Seiomic hazard p . qN”ake 0'; 1t3 J”trr‘]e 23?5’ bg’tﬁor.‘”taszg OCCt‘)”tred W'm'nl\tlhe SchIj”tCted dth : 1936 7 13 -24.715 -70.023 35 7.10 1987 8 8 -19.092 -70.006 71 7.20 Digital Atlas: CD-ROM(2), British Oceanographic Data
EISMIC hazard IS expressed as pea A~ Volcanoes azca piate rather than at the Interrace between the INazca plate and the 1940 10 4 -20.592 -70.718 24 7.10 1988 1 19 -24.665 -70.512 14 7.00  400km sokm  Centre, Liverpool, UK.
ground acceleration (PGA) on firm rock, South American plate, and it occurred at a depth of about 120 km. 1941 4 3 -22.579 -66.642 150 7.20 1988 2 5 -24.743 -70.423 37 7.20
in meters/sec?, expected to be exceeded \ / 1942 7 8 -24.602 -70.189 35 7.00 1988 4 12 -17.250 -72.260 30 7.10
in a 50-yr period with a probability of DISCLAIMER 1943 3 14 -20.000 -69.500 150 7.10 1993 5 24 -23.096 -66.448 221 7.00 500 km 500 km
yrp p y
10 percent. 1943 12 1 -19.500 -69.750 80 7.10 1995 7 30 -23.285 -70.103 46 8.00 o
e 1947 1 21 -24.500 -70.300 0 7.00 1997 1 23 -21.997 -65.652 276 7.10 @0
S mplin s sophce e ool 8 S5 0 000 w0 w0 dew 1% e o s 1do o o | o et by U, Gl s
’ o : y 1948 7 20 -17.000 -75.000 70 7.10 2000 5 12 -23.757 -66.766 225 7.20 ap prepared by LJ.>. oeological survey
current or may contain inaccuracies and therefore 1949 4 25 -19.750 -69.000 110 7.20 2001 6 23 -16.305 -73.550 30 8.40 ook o0 National Earthquake Information Center
should not be regarded as havmg official s|gn|f|cance, 1949 5 30 -20.800 -69.000 96 7.00 2001 7 7 -17.522 -71.938 17 7.60 R 100 km 200 km 300 km 400 km 500 km 600 km 700 km 800 km 800 km 1000 km 1100 k\ 7 July 2005
1950 12 9 -23.500 -67.500 100 7.70 2005 6 13 -19.961 -69.114 115 7.80 Map not approved for release by Director USGS




