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Resum en

An al izam os el  r eg ist r o  de och o est acion es 
autónom as con sism ógrafos de banda ancha de 
la red conjunta ent re la Universidad de Ut recht , 
I nst ituto Tecnológico de California y Cent ro de 
Kpxguvkicek„p"Ekgpv‡Ýec"{"fg"Gfwecek„p"Uwrgtkqt"
de Ensenada, del sism o Mw. 5.6, que ocurr ió el 
12 de noviem bre de 2003, en la cuenca oceánica 
Salsipuedes en  la par t e m edia del Golfo de 
California, a 2 km  al oeste de la isla Ángel de la 
Guarda. Este evento se localizó en las coordenadas 
igqitƒÝecu"4;038³P"{"335059³Q"c"52"mkn„ogvtqu"
al noreste de Bahía de los Ángeles, adem ás un 
precursor  y  cientos de réplicas se regist raron 
en las 48 horas siguientes de su t iem po origen. 
Eqp" nc" nqecnk¦cek„p" fg" 4;" ukuoqu" kfgpvkÝecoqu"
el segm ento act ivo, perpendicular a la pr incipal 
falla t ranform ante NW-SE del Canal de Ballenas 
que representa el lím ite t ranstensional ent re las 
rncecu"fgn"Rce‡Ýeq"{"Pqtvg"Cofitkec0"Nc"fktgeek„p"
de la falla act iva descrita es congruente con el 
m ecanism o de falla norm al propuesto por el NEI C 
dependiente del United States Geological Survey, 
ew{qu"xcnqtgu"kpfkecp"wp"twodq"fg"5;³,  echado 
de 34³ y deslizam iento de -44³.
Con el análisis de la m agnitud de duración de 456 
réplicas, calculam os un valor de b= 1.14± 0.28. 
Adem ás determ inam os un m om ento sísm ico de 
(3.5 ± 3.3)X1039Nm , el radio de la fuente fue de 
509"ł"4085"mo"{"nc"ec‡fc"fg"guhwgt¦qu"guvƒvkec"hwg"
fg"50;6"ł"3037"ORc"*5;06"ł"3307"dct0+.  

Pa l a b r a s  c l a v e :  p a r á m e t r o s  d e  f u e n t e , 
sism otectónica, Golfo de California.

Abstract

We analyzed records of eight  seism ic stat ions of 
the autonomous broadband seismograph network 
of a joint  project  between Ut recht  University ( the 
Netherlands) , California I nst itute of Technology, 
and Cent ro de I nvest igación  Cient íf ica y  de 

Estudios Superiores de Ensenada (CICESE). These 
stat ions recorded the Mw 5.6 earthquake that  
occurred on 12 Novem ber 2003 at  Salsipuedes 
basin in the m iddle of the Gulf of California 2 km  
west  of the island Angel de la Guarda.  This event  
ycu"nqecvgf"cv"4;038³"P"cpf"335059³"Y."52"mo"
northeast  of Bahia de los Angeles.  A foreshock 
and hundreds of  af t er shocks were recorded 
in the 48 hours after it s or igin t im e. With the 
nqecvkqp"qh"4;"gctvjswcmgu"yg"kfgpvkÝgf"vjg"cevkxg"
segm ent , perpendicular to the m ain t ransform  
fault  NW–SE of Canal de Ballenas,  represent ing 
vjg"vtcpuvgpukqpcn"dqwpfct{"dgvyggp"vjg"RcekÝe"
and Nor t h Am er ican plat es.  The direct ion of 
the act ive fault  described is consistent  with the 
norm al fault  m echanism  reported by the Nat ional 
Gctvjswcmg" Kphqtocvkqp" Egpvgt" *uvtkmg?5;³,  
fkr?56³."unkr?Î66³+0
From  the durat ion m agnitude of 456 aftershocks, 
we calculated a b-value of 1.14± 0.28;  furthermore, 
we calculated a seism ic m om ent  of (3.5 ± 3.3)
X1039Po."c"uqwteg"tcfkwu"qh"509"ł"4085"mo."cpf"
c"uvcvke"uvtguu"ftqr"qh"50;6"ł"3037"ORc"*5;06"ł"
11.5 bar.) .

Key words:  source param eters, seism otectonics, 
Gulf of California.
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I nt roduct ion

Since the Miocene, the Gulf of California has been 
cont inuously affected by a slow rift ing with NW-SE 
displacem ent  between the North Am erican and 
vjg"RcekÝe"rncvgu0"Vjku"rtqeguu"igpgtcvgu"c"jkij"
ugkuokekv{" tcvg." xqnecpkuo." ugcÞqqt" urtgcfkpi."
thinning of the cont inental crust  and geotherm al 
processes (Lom nitz et  al.."3;92+0

The Egpvtq" fg" Kpxguvkicek„p" Ekgpv‡Ýec" {" fg"
Educación  Super ior  de Ensenada  ( CI CESE) , 
in a j oint  project  with Ut recht  Universit y  ( the 
Net her lands)  and t he Cal i forn ia I nst i t u t e of 
Technology (Tram pert  et  al.,  2003)  deployed 22 
broadband digital seism ic stat ions of cont inuous 
recording, more than one year prior the occurrence 
of the studied earthquake, as part  of the Network 
o f  Au t onom ously  Recor d ing  Seism ographs, 
(NARS-Baja)  array.

The stat ions were deployed all along the 1200 
km  of the Baja California peninsula, Sonora, and 
Sinaloa states around the Gulf of California. The 
purpose of this network was to study local and 
regional seism icit y  and t he crust  and upper-
m ant le st ructure.

I n this study, we relocated the 12 Novem ber 
2003 Mw 5.6  ear t hquake.  We exam ined t he 
source param eters of the m ainshock using the 
local seism ic network. We also est im ated source 

displacem ent  spect ra, Mo
‡

(  f )  and, through the 
cpcn{uku"qh"ugkuokekv{"yg"kfgpvkÝgf"vjg"cnkipogpv"
of rupture and est im ated the b-  value.

Tectonics and seism icity

I n  t he m idd le of  t he Gu l f  of  Cal i f or n ia t he 
Salsipu edes basin  is bou n ded  by  t h e Baj a 

California peninsula to the west  and the Angel 

de la Guar da  I sland  t o  t he east .  Fr equen t  
earthquake swarms are well documented to occur 
in the northern end of this zone (Rebollar et  al.,  
2001) .  Eventhough there is a t ransform  fault  
connect ing t he Salsipuedes w it h Tiburon  and 
FgnÝp basins (at  the southeast  and northwest  
ends, respect ively) , serious doubts ar ise to the 
plate boundary posit ion due to the com plexity of 
the st ructures interpreted, and by the bathymetric 
inform at ion showing faults at  both sides of the 
kuncpf0"Kp"cffkvkqp."Xcswkgt"cpf"Yjkvgocp"*3;95+"
kp"cp"gzrgtkogpv"eqpfwevgf"dgvyggp"3;92/3;93"
determ ined 4 m m / year of relat ive displacem ent  
bet ween Angel de la Guarda I sland and t he 
peninsula of Baja California.  Kasser et  al0"*3;:9+"
using laser geodim eter m easurem ents between 
st at ions locat ed on  elevat ed poin t s of  Baj a 

California and Sonora, est im ated a r ight  lateral 
ujgct"oqvkqp"fktgevkqp"*P68³Y"cpf":"oo1{gct+"kp"
the Salsipuedes dcukp0"Nqpufcng"*3;:;+"kpfkecvgf"
the existence of grabens and horsts st ructures 
at  the Gulf of California, nearby to Angel de la 

Guarda I sland with azim uth of 312°, which is the 
ucog"fktgevkqp"qh"vjg"vtcpuhqto"hcwnv0"Htqo"3;95"
unt il 2003, the reported seism icity includes few 
earthquakes of m agnitude greater than 5;  all of 
them with r ight- lateral st r ike slip fault  mechanism  
( Gof f  et  a l 0." *3;:9+." IEOV" ecvcnqi." yyy0
globalcm t .org) . I n Table 1 relevant  inform at ion 
of the earthquakes m ent ioned above is provided. 
Coqpi"vjgo"kp"3;97."cp"Ou?807"gctvjswcmg"ku"qh"
part icular interest  because it  was associated with 
the st ructure of Salsipuedes basin, as well as its 
aftershocks (Munguía et  al0."3;99+0

Data recording and earthquake locat ion

Qp"34"Pqxgodgt"4225."cp"gctvjswcmg"qeewttgf"
in the Salsipuedes basin and was recorded by 

Table 1 . Earthquakes with m agnitude greater than 5 that  have occurred in the neighbourhood of 
Salsipuedes basin and Canal de Ballenas.

Zone Date Lat itude ° Longitude ° Seism ic Mom ent  Magnitude
         Nm  Mw

Ecpcn"fg" 3;95132135(" 4;07:" /335086" " 704
Dcnngpcu"pqtvj" 3;9712912:*" 4;06;" /335062" 308Z3218 6.5

3;:212:152)" 4;09" /335095" 4045Z3239 5.5
3;;3124136)" 52034" /335092" 3086Z3239 5.4

Ecpcn"fg"" 3;99133136(" 4;049" /3340;9" " 708
Ballenas south

Ucnukrwgfgu" 3;99133143)" 4;029" /335032" 3045Z3218 6.0
dcukp" 3;:212;143)" 4;056" /335095" 406;Z3239 5.5

3;:4124129)" 4;025" /335025" 40:8Z3239 5.6
3;;5125127)" 4;047" /335065" 6037Z3239" 709
3;;9133148)" 4;05:" /3350:2" 306Z3239 5.4
4225133134"6" 4;02" /335046" *507ł505+Z3239 5.6± 0.2

("PGKE0""""")"Inqdcn"EOV"ecvcnqi0"""""""*"Iqhh"et  al0"*3;:9+0""""""6"Vjku"uvwf{0
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the NARS-Baja network as well as its associated 
foreshock, and 456 aftershocks occurred during 
the following two days.

Vjg"PCTU/Dclc"ugkuoke"uvcvkqpu."PG96."PG97."
NE80, NE81, and NE82, consisted of a Streckeisen 
STS- 2  b r oadban d  sen sor  w i t h  a gen er at or 
constant of 1500 V* s/ m and a bandwidth response 
between corners 0.0083 Hz (120 sec)  and 50 Hz, 
a Global Posit ioning System  (GPS) , and a laptop 
for data acquisit ion and t im ing (Tram pert  et  al.,  
2003) . The RESBAN stat ion network consists of a 
Guralp CMG-40T or CMG-3ESP broadband sensor. 
All seism ic stat ions recorded cont inuously with 
a rate of 20 sam ples per second (See Figure 1) .

Using the closest  stat ions of the NARS-Baja 
pgvyqtm"*PG96."PG97."PG:2."PG:3."PG:4+."cpf"
the ones of RESBAN network (BAHB, I AGU, PLI B)  
t o t he epicent er,  we relocat e t he m ainshock 
wukpi" vjg" J[RQEGPVGT" eqfg" *Nkgpgtv" et  al .,  
3;::="Nkgpgtv"cpf"Jcxumqx."3;;7+"cpf"c"xgnqekv{"
m odel that  includes a thin cont inental crust  with 
a Moho depth in the range from  20 to 24 km . 
This m odel was used by Rebollar et  al.  (2001)  
and it  is displayed in Table 3. The records with 
t he best  signal- t o- noise rat io cor respond t o 
the stat ions shown in Figure 2. The m ainshock 
ycu" nqecvgf" cv" 4;038³P" cpf" 335059̇Y0" Vjku"
event  had a Mw 4.4 foreshock, with epicent ral 
nqecvkqp"cv"4;039³P"cpf"3350578³Y0"Vcdng"4"cpf"

Figure 3 show the locat ion of the m ainshock, the 
hqtgujqem"cpf"49"chvgtujqemu"cv"vjg"twrvwtg"ctgc"
and post-event  seism ic act ivity. You can see the 
rupture area m arked by a white star and a set  of 
aftershocks that  ident ify it ,  also showed the post-
event  seism icity, and associated with an exist ing 
uvtwevwtg" kp" vjg" qegcpke" Þqqt0"Pqvg" vjg" rgthgev"
partnership between the structures and seismicity. 

We constructed a vert ical sect ion perpendicular 
to the st r ike of the fault  and plot  the posit ion of 
the m ainshock, foreshock and aftershocks with 
respect  to depth;  this vert ical sect ion is shown 
in Figure 4. We note that  the seism ogenic zone 
reaches a depth of 12 km , suggest ing a br it t le 
crust  of sim ilar thickness.

b- value

Vjg"uvcvkuvkecn"Iwvgpdgti/Tkejvgt"*3;64+"b-value 
was est im ated for  the aftershock sequence in 
order to ident ify a seism otectonic pat tern of the 
Salsipuedes basin. The durat ion magnitude (M

d
)  of 

698"chvgtujqemu"tgeqtfgf"cv"ugkuoke"uvcvkqp"DCJD."
was calculated using the equat ion (1) :

 M
d
 = 2.24logT-0.85,  (1)

w her e T is t he durat ion  of  t he signal .  Th is 
r elat ionsh ip has been used by  Rebol lar  and 
Tgkejng"*3;:9+."N„rg¦/Rkpgfc"cpf"Tgdqnnct"*4227+0"

Figure 1 .  Locat ion of broadband seism ic 
uvcvkqpu" " *Ýnngf" vtkcpingu+" cpf" vjg" 34"
Novem ber  2003  Mw  5 . 6  ear t hquake  
(white star) . The locat ion of the cent roid 
proposed by Global CMT Project  and CMT 
GS are indicated by red  circles. Dashed 
line indicat e sect ion AA’ t o which t he 
seism icit y  was proj ected.  The relat ive 
m ot ion of tectonic plates is indicated with 

large arrows.
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Durat ion m agnitudes of the located earthquakes 
range from  2.3 t o 3.5.  The b-value from  the 
Gutenberg-Richter relat ionship was calculated and 
the est im ated b-value was 1.14 ±  0.28 using a 
least-squares approach (Figure 5) .

This b-value cont rasts with that  obtained for 
Loreto earthquake of 12 March 2003 using 333 
aftershocks. López-Pineda and Rebollar (2005)  
obt ained a b - value of  0 .68 .  Th is d i f fer ence 
suggests larger heterogeneous concent rat ion of 

st resses at  Salsipuedes basin than Carm en basin 
*Uejqn¦."3;8:+0

Regarding the m om ent  tensor solut ion, there 
are two proposed mechanisms for the earthquake 
fault  of 12 November 2003 Mw 5.55 ±  0.05;  these 
solut ions are shown in Table 4. As it  is noted in 
Figure 3, the seism icity locat ion agrees with a 
t rend perpendicular to the main t ransform  NW-SE 
hcwnv0"C"uvtkmg"qh"5;³"ku"vjgtghqtg"oqtg"eqpukuvgpv"
with the tectonics of the area.

Table 2 . Locat ion:  ‘Foreshock, )"ockpujqem."cpf"chvgtujqemu"wukpi"J[RQEGPVGT"eqfg0

Table 3 . Crustal velocity m odel used to locate the 12 Novem ber 2003 earthquake Mw 5.6 and its as-
sociated foreshocks and aftershock (  Rebollar et  al.,  2001) .

Date Hour Lat itude° Longitude° Depth ( km )  Error Lon ° Error Lat  ° Error Depth  
       ( km )

42253334Ó" 26<69" 4;0393" /3350579" :04" 209" 207" 605
42253334)" 26<76" 4;0382" /3350592" 508" 204" 203" 304
42253334" 27<38" 4;0389" /3350585" :04" 205" 204" 203
42253334" 28<25" 4;0396" /3350578" 80:" 202" 202" 202
42253334" 28<67" 4;0342" /3350627" 707" 202" 202" 202
42253334" 28<73" 4;0382" /3350592" :03" 204" 203" 202
42253334" 29<62" 4;0449" /3350689" 3407" 204" 203" 203
42253334" 29<65" 4;0384" /33506:5" 3308" 205" 203" 203
42253334" 29<72" 4;0346" /3350625" 607" 202" 202" 202
42253334" 29<79" 4;0345" /3350625" 602" 202" 202" 202
42253334" 2:<2:" 4;0335" /3350635" 70:" 202" 202" 202
42253334" 2:<38" 4;0354" /33505;7" :04" 208" 206" 202
42253334" 2:<46" 4;0359" /335025;" :02" 208" 206" 202
42253334" 2:<53" 4;0382" /3350592" 603" 202" 202" 202
42253334" 2:<63" 4;0347" /33505;9" 30;" 202" 202" 202
42253334" 2:<7;" 4;0336" /335062:" :03" 203" 203" 202
42253334" 2;<78" 4;02:5" /3350624" 202" 203" 203" 202
42253334" 32<23" 4;032:" /3350639" 802" 203" 203" 202
42253334" 33<54" 4;033:" /335062:" 608" 202" 202" 202
42253334" 33<73" 4;037;" /3350597" :04" 203" 203" 202
42253334" 34<73" 4;02;4" /335062:" 202" 203" 203" 203
42253334" 35<23" 4;0327" /3350632" 202" 203" 203" 202
42253334" 36<26" 4;0335" /3350635" 202" 203" 203" 202
42253334" 37<29" 4;0373" /3350589" 306" 202" 202" 202
42253334" 38<48" 4;0384" /335058:" :05" 202" 202" 202
42253334" 38<6;" 4;0386" /3350587" 502" 202" 202" 202
42253334" 3:<6:" 4;0384" /3350589" :03" 203" 203" 203
42253334" 3;<26" 4;0383" /335058:" 50:" 202" 202" 202
42253334" 3;<38" 4;02;7" /3350649" 202" 202" 202" 202

Layer Thickness P- w ave velocity S- w ave velocity Density Qc Qd
 ( km )  ( km / sec)  ( km / sec)  ( g/ cm ³ )
        
 4.0 4.0 2.6 2.3 400 200
" 602" 709" 505" 407" 4222" 4222
" 3802" 809" 50:" 502" 4222" 4222
" 202" 90:" 602" 506" 4222" 4222
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Source spectrum  and st ress drop

We est im ated the average displacem ent  spect ra, 

Mo
‡

(  f ) , of the mainshock from the analysis of the 
S-wave group recorded at  horizontal com ponents 
qh"7"uvcvkqpu"ykvjkp"c"j{rqegpvtcn"fkuvcpeg"qh"697"
km . Following Singh et  al0" *3;;;+." vjg" Hqwtkgt"
accelerat ion spectral amplitude of the intense part  
qh"vjg"itqwpf"oqvkqp"cv"c"uvcvkqp."wpfgt"hct/Ýgnf."
point-source approxim at ion, m ay be writ ten as

A f R Cf Mo f G R e
fR Q f( , ) ( ) ( ) / ( )=

•
−2 π β

, (2)

where

C = FPRsl(2r)2/(4rtd3), (3)

I n the equat ions above, Mo
‡

(  f )  is the moment  

rate spect rum  so that  Mo
‡

(  f )  ›"M
0
 as f ›"0, R 

=  hypocent ral distance, Rsl =  average radiat ion 
pat tern (0.55) ,  F ?" htgg" uwthceg" cornkÝecvkqp"
(2.0) ,  P takes into account  the part it ioning of 

energy in the two horizontal components 1

2

⎛

⎝
⎜⎜⎜

⎞

⎠
⎟⎟⎟⎟ , d =  

shear-wave velocity at  the source (3.00 km / s) , t 

=  density in the focal region (2.65 kg/ m 3) , and 
Q( f)  =  quality factor, which includes both anelast ic 
absor p t ion  and scat t er ing .  The appr opr iat e 
geom et r ical spreading term , G(R) ,  is R–1 for R 
ø"R0 and (RR0)

–1/ 2 for R >  R0.  The form  of G(R)  
im plies dom inance of body waves for R"ø"R0 and 
of surface waves for R >  R0.  For this earthquake, 
we took Q(  f )  =  213f 2094 (Rebollar et  al0."3;;7+"
and R0 =  100 km . Taking logarithm s of equat ion 
2 we obtain

log , log logA f R C G R( )⎡
⎣

⎤
⎦ = + ( )⎡

⎣

                    
log f Mo f+ ( )
⎡

⎣
⎢
⎢

⎤•
2

⎦⎦


−
1 36.

( )

fR

Q fb .  (4)

We solved equat ion (4)  in the least-squares 

sense to obtain log [  f 2 Mo
‡

(  f ) ]  and so Mo
‡

(  f ) .

The sou r ce d isp lacem en t  spect ra of  t he 
m ainshock for the 5 stat ions are shown in Figure 
6. We interpret  these spectra within the framework 
of a ┫2-source m odel and obtain an est im at ion of 
the seism ic m om ent  (M

0
)  and corner frequency (  

f
c
 ) . The st ress drop (Fu)  is com puted using the 
Dtwpg"*3;92+"oqfgn0"Vjg"uqwteg"urgevtc"ecp"dg"Ýv"
by M

0
,  f

c
 and Fu xcnwgu"kpfkecvgf"kp"vjgug"Ýiwtgu0

The Brune m odel consists in a circular fault  
rncpg"ykvj"Ýpkvg"tcfkwu"qp"yjkej"c"ujgct"uvtguu"
pulse is applied instantaneously on the whole fault  

Figure 2 . Normalized velocity seismograms recorded by 
the BAHB, PLI B, NE80, NE81, and NE82 seism ic stat ions 

in their  Z, N, and E com ponents.

Table 4 . Earthquake locat ion and fault  geom etry calculated by CMT GS, ht tp: / / earthquake.usgs.gov/
earthquakes/ eqarchives/ sopar/  and Global CMT Project , www.globalcm t .org.

Source Lat . Long. Depth Mw   Plane 1    Plane 2

    St r ike Dip Rake Str ike Dip Rake

PGKE" 4;033" "Î335057" 9" 708" 38:" 89" "Î338" 5;" 56" /66
IEOV" 4;056" /335067" 37" 707" 38:" 77" /32;" 3;" 5;" /87
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Figure 3 .  Seism icity of the study area, the star shows the locat ion of the 12 Novem ber 2003 Mw 5.6 earthquake at  
Salsipuedes basin, the square shows the foreshock. The size of the star indicates the extent  of aftershock area (open 
ektengu+0"Vjg"fkcoqpfu"kpfkecvg"vjg"rquv/gxgpv"cevkxkv{"yjkej"eqxgtu"c"rtg/gzkuvkpi"cnkipogpv"*Qdugtxgf"uvtwevwtgu"
qp"vjg"qegcp"Þqqt+0"Yjkvg"qrgp"vtkcpingu"kpfkecvg"uvcvkqpu"cpf"eqpegpvtke"yjkvg"ektengu"fgpqvg"vjg"nqecvkqp"qh"vjg"

cent roid according to GCMT and CMT GS.

Figure 4 .  Vert ical sect ion 
of the recorded seism icit y 
p r o j ect ed  along  t he l ine 
AA’ shown in Figure 1. The 
foreshock  and m ainshock 
are indicated by a square 

and a star respect ively.
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area and there is no fracture propagat ion. This 
model is commonly used to obtain fault  dimensions 
f rom  spect ra of  S waves for  ear t hquakes of 
sm all- to-m oderate size (M <  6) , for which the 
circular fault  is a good approxim at ion. Under this 
hypothesis, the source radius is given by:

r = 0.3724d/f
c
.  (5)

The m om ent  m agnit ude was calculated by 
Equat ion (6) , proposed by Hanks and Kanam ori 
*3;9;+

Mw M= −
2

3
10 70log . .  (6)

Taking the average value for these parameters, 
yg"qdvckp"Ýpcnn{"M

0
 = (3.5 ±  3.3)X1039Nm , fc =  

0.36 ±  0.15 Hz, r"?"509"±  2.6 km  and Fu?"50;"
ł"3037"ORc"*5;ł"3307"dct0+0

Discussion and Conclusions

Ceeqtfkpi"vq"tguwnvu"qh"ugkuoke"tgÞgevkqp"uvwfkgu"
conduct ed in  t he upper  par t  of  t he Gu l f  of 
Ecnkhqtpkc" d{" Nqpufcng" *3;:;+" cpf" Iqp¦ƒng¦/
Fernández et  al.  (2005) , the Salsipuedes basin is 
in its early stage of developm ent . I n this region 
the basins are aligned in an en echelon t rend 
linking the pull-apart  basin by NW-SE t ransform  
faults.  Canal de Ballenas t ransform  fault  connects 
the Salsipuedes basin at  SE with the FgnÝp basin 
at  the NW. I n this zone, six earthquakes with 
m agnitude larger than 5 have occurred during 
the last  thir ty years. The focal m echanism s of 

the great  m ajor it y  of these earthquakes were 
st r ike-slip. The earthquake studied here is the 
Ýtuv"qpg"ykvj"c"fkr/unkr"ogejcpkuo"kp"vjku"rctv"qh"
the Gulf of California, which was located off the 
west  coast  of Angel de la Guarda Kuncpf0"Qvjgt"
earthquakes with norm al fault ing m echanism s 
have been reported by Rebollar et  al0"*3;;7+"cv"
Bahia de las Animas (30 km south of the epicenter 
qh"uvwf{+"cpf"Tgkejng"cpf"Tgkf"*3;99+"hqnnqykpi"
a seism ic swarm  pat tern at  FgnÝp basin, (60 km  
northwest  of the epicenter of study) . Cast ro et  al.  
(2011)  associates this type of fault ing in the Gulf 
of California to spreading centers.

The distribut ion of earthquakes with magnitude 
larger than 5 during the last  thir ty years suggests 
a seism ic act ivity m igrat ion from  north to south. 

Figure  5 .  Frequency- m agnit ude 
rnqv" qh" 698"chvgtujqemu"qh" vjg"34"
Nov em ber  2 0 0 3  ear t hquak e in 
Salsipuedes basin. A b-value of 1.14 
±  0.28 was calculated for durat ion 
ocipkvwfgu"kp"vjg"tcpig"cv"405"ø"
M"ø"503"wukpi"c"ngcuv/uswctgu"Ýv0

Table 5 . Calculated source param eters. r  is 
the source radii,   M0  is the  seism ic m om ent  
ecnewncvgf" htqo" vjg" fkurncegogpv" urgevtc." ─j"
is the stat ic st ress drop calculated with the 

displacem ent  spect ra.

" ─" t" he" O
0
" ─j

  ( km )  Hz ( Nm )  MPa

 BAHB" 4094" 2063" 503Z3239 4.3

 PLI " 4082" 2065" 40:Z3239 4.5

 NE8 0 " 4094" 2063" 30;Z3239 2.6

 NE7 5 " 4076" 2066" 40;Z3239" 60;
 NE8 2 " 90;:" 2036" 80:Z3239 3.4
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Figure 6 .  S-wave average source displacem ent  spect ra of  horizontal com ponents at  A)  BAHB, B)PLI B, C)NE82, D)
PG:2."G+PG97"ugkuoke"uvcvkqpu0"Eqpvkpwqwu"nkpg"ku"vjg"qdugtxgf"urgevtwo"cpf"fcujgf"nkpg"ku"vjg"vjgqtgvkecn."cuuwokpi"

a w2 source m odel.

A

C

B

D

E
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Considering that  the elast ic energy stored in rocks 
in the form  of deformat ion st ress is released when 
the rocks reach their  rupture, part  of the energy 
pr opagat es as v ibrat ional ener gy  pr oducing 
seism ic waves and another part  of the energy 
remains in the rock as residual energy, this energy 
is t ransm it ted to other parts of the sam e st ress 
axis increasing the st ress level of the adjacent  
regions (Husseini et  al0." 3;97+0"Uq" vjg" ugkuoke"
energy released by fractur ing and sliding at  the 
northern edge of the Canal de Ballenas t ransform  
hcwnv." vtkiigtgf" qhh" ukipkÝecpv" ugkuokekv{" cv" vjg"
southern edge of t he t ransform . Exam ples of 
vjgug" ugswgpegu" ctg<" *k+" vjg" 3;95/3;97/3;99"
gctvjswcmgu." *kk+" vjg" 3;:2/3;:4" gctvjswcmgu."
cpf"*kkk+"vjg"3;;9/4225"gctvjswcmgu0"Cnn"qh"vjgug"
shocks were presum ably seism ically associated 
(see their  lat itudes shown in Table 1) .

The earthquake studied here represents an 
exam ple of act ive extensional faults at  north of 
Gulf of California. Eventhough Sumy et  al.  (2013)  
propose that  m uch of the extension across the 
plate boundary is accommodated aseismically, this 
act ivity shows that , at  least  in this zone, norm al 
fault ing plays an im portant  role.

A Mw 4.4 foreshock occurred seven m inutes 
before the 12 November 2003 Mw 5.6 earthquake. 
Bot h event s were locat ed on a dip slip fault  
perpendicular  t o t he m ain Canal de Ballenas 

t ransform  fault  according their locat ions indicated 
on Figure 3.

The b value represent  propert ies of the seism ic 
m edium  in som e respect , like st ress or m aterial 
eqpfkvkqpu"kp"vjg"hqecn"tgikqp"Uejqn¦"*3;8:+"cpf"
we expect  an inverse correlat ion between the 
b value and the level of st resses accum ulated 
kp" vjg" ugkuoke" tgikqp0"Qvjgtu" nkmg"Oqik" *3;84+"
have associated high b-values with the m aterial 
heterogeneity. Through a com parat ive analysis of 
b-values est im at ions at  north of Gulf of California 
dgvyggp"307"*Tgkejng"cpf"Tgkf."3;99="Tgdqnnct"cpf"
Tgkejng."3;:9+."208:"hqt"Loreto’s earthquake of 12 
March 2003 at  Carm en basin (López-Pineda and 
Rebollar, 2005)  and the b value of 1.14± 0.28 for 
this Salsipuedes basin earthquake at  the m iddle 
of Gulf of California, we can infer that  there is 
a t ransit ion of st ress dist r ibut ion from  nor th, 
where the st resses are m ore heterogeneous, to 
south where concent rat ion of st resses are m ore 
hom ogeneous, as well as in the cent ral region of 
the Gulf of California.

From  spect ral analysis and assum ing a Brune 
m odel of circular fault , we obtain the following 
source param eters:

M
0
 =  (3.5± 3.3)X1039Nm

Corner frequency fc =  0.36 ±  0.15 Hz

r"?"509"±  2.6 km

Fu?"50;"ł"3037"ORc"*5;"ł"3307"dct0+
I n  agreem ent  w it h  t he m agn it ude of  5 .6 

prev iously  repor t ed by  NEI C;  t he calcu lat ed 
stat ic st ress drop is typical of this tectonic region 
tcpikpi" dgvyggp" 4" cpf" 6;" dctu" *Nópez-Pineda 
and Rebollar,  2005)  and the rupture radius is 
consistent  w it h t he m agnitude of a m oderate 
earthquake.
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