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Resumen
 
Se midió la anisotropía para las ondas de cortante 
en el manto superior por debajo de estaciones 
en el sur de México usando fases SKS. Las 
direcciones de polarización rápida donde la placa 
de Cocos se subduce subhorizontalmente están 
orientadas aproximadamente paralelas con el 
movimiento relativo entre las placas de Cocos y 
América del Norte y además son perpendiculares 
c"nc"vtkpejgtc0"Rqt"nq"vcpvq."ug"kpÝgtg"swg"nc"rncec"
uwdfwekfc" cttcuvtc" gn"ocpvq" swg" ug" gpewgpvtc"
rqt"fgdclq"{"nq"jceg"Þwkt"*gpvtckpgf"Þqy+0"Wpc"
situación similar existe en la zona de subducción 
fg"Ecuecfkc0"Guvwfkqu"rtgxkqu"jcp"ug‚cncfq"swg"
estas dos regiones tienen en común la subducción 
fg" nkvquhgtc" lqxgp0" Gp" cswgnnqu" nwictgu" fqpfg"
las placas subducidas muestran un cambio en 
el buzamiento o bien están rotas, se observa 
un cambio en la orientación de los ejes rápidos. 
Fkejqu" ecodkqu" uwikgtgp" swg" ug" rtqfweg" wp"
Þwlq" vtkfkogpukqpcn" cntgfgfqt" fg" ncu" qtknncu" fg"
las placas subducidas, el cual es consistente con 
gn"tgvtqeguq"fg"nc"rncec"uwdfwekfc"*uncd"tgvtgcv"
qt" tqnndcem+." eqoq" {c" ug" jcd‡c" qdugtxcfq" gp"
algunos trabajos anteriores. En algunas de las 
estaciones instaladas lejos de los límites de placa 
el movimiento absoluto de la placa de América 
del Norte controla las direcciones rápidas. El eje 
rápido de una estación ubicada en la Mesa Central 
se orienta ONO-ESE y es diferente de todas las 
demás mediciones en este estudio. 

Palabras clave: Partición de ondas SKS, anisotropía 
fgn"ocpvq" uwrgtkqt." Þwlq" fgn"ocpvq." ¦qpcu" fg"
subducción, Fosa Mesoamericana, placas de 
Cocos, Rivera y América del Norte.

Abstract
 
Wrrgt" ocpvng" ujgct" ycxg" cpkuqvtqr{" wpfgt"
uvcvkqpu"kp"uqwvjgtp"Ogzkeq"ycu"ogcuwtgf"wukpi"
records of SKS phases. Fast polarization directions 
yjgtg"vjg"Eqequ"rncvg"uwdfwevu"uwdjqtk¦qpvcnn{"
are oriented in the direction of the relative 
oqvkqp"dgvyggp"vjg"Eqequ"cpf"Pqtvj"Cogtkecp"
plates, and are trench-perpendicular. This 
rcvvgtp"ku"kpvgtrtgvgf"cu"uwduncd"gpvtckpgf"Þqy."
and is similar to that observed at the Cascadia 
subduction zone. Earlier studies have pointed 
out that both regions have in common the young 
age of the subducting lithosphere. Changes in the 
qtkgpvcvkqp"qh"vjg"hcuv"czgu"ctg"qdugtxgf"yjgtg"
the subducting plates change dip and/or are torn, 
cpf"ctg"vjwu"kpfkecvkxg"qh"5/F"Þqy"ctqwpf"vjg"uncd"
gfigu0"Vjg{"ctg"eqpukuvgpv"ykvj"uncd"tqnndcem."cu"
rtgxkqwun{"ujqyp"d{"qvjgt"cwvjqtu0"Uqog"uvcvkqpu"
nqecvgf" cyc{" htqo" vjg" rncvg" dqwpfctkgu" jcxg"
their fast directions controlled by the absolute 
motion of the North American plate. The fast axis 
for station ZAIG, located in the Mesa Central, is 
oriented WNW-ESE and is different from all the 
other measurements in this study.

Mg{"yqtfu<"SKS splitting, upper mantle anisotropy, 
ocpvng" Þqy." uwdfwevkqp" ¦qpgu."Okffng"Cogtkec"
Trench, Cocos, Rivera, and North American plates.
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Introduction

The use of the teleseismic phase SKS to study 
upper mantle anisotropy in both seismically 
swkgv"cpf"ugkuokecnn{"cevkxg"tgikqpu"jcu"dgeqog"
c" uvcpfctf" vqqn" *Uknxgt." 3;;8=" Ucxcig." 3;;;="
Rctm"cpf"Ngxkp."4224+0"Vjg"ogvjqf"ku"dcugf"qp"
the intrinsic anisotropy of the seismic velocity 
qh"vjg"okpgtcn"qnkxkpg."yjkej"ku"qpg"qh"vjg"oclqt"
components of the upper mantle. Olivine crystals 
become oriented as they are subjected to strain, 
wuwcnn{"ecwugf"d{"ocpvng"Þqy0"Cu"vjg"SKS phase 
travels through an anisotropic medium it becomes 
urnkv."k0"g0"c"hcuv"cpf"c"unqy"ycxg"ctg"rtqfwegf0"
Ogcuwtgogpvu"qh"ujgct"ycxg"urnkvvkpi"{kgnf"vyq"
parameters: the fast polarization direction, h, 
usually referred to geographic north, and the delay 
time, ft. Laboratory experiments are essential to 
guvcdnkuj"vjg"tgncvkqpujkr"dgvyggp"vjg"fktgevkqp"
qh"ocpvng"Þqy"cpf"vjg"hcuv"rqnctk¦cvkqp"fktgevkqp"
in olivine. In general, these experiments have 
ujqyp" vjcv" vjg" hcuv" czku" dgeqogu" qtkgpvgf" kp"
vjg"fktgevkqp"qh"ocpvng"Þqy"*Lwpi"et al.,"4228+0"
There is one notable exception, for type-B 
olivine the fast axis aligns perpendicular to the 
fktgevkqp" qh" ocpvng" hnqy0" Htqo" vjgug" tguwnvu"
it is possible to infer the direction of mantle 
Þqy"wukpi" ugkuoke"ogcuwtgogpvu0" Eqppgevkqpu"
dgvyggp" ugkuoke" cpkuqvtqr{" cpf" vjg" vgevqpke"
gpxktqpogpv." yjgvjgt" kv" dg" cevkxg"octikpu" qt"
stable continental interiors, have been made in 
vjg"rcuv"*g0"i0."Uknxgt."3;;8="Ucxcig."3;;;="Rctm"
cpf"Ngxkp."4224+0"Rctvkewnctn{."uwdfwevkqp"¦qpgu"
have come under intense scrutiny; see Long and 
Uknxgt"*422:."422;+"hqt"c"tgxkgy0"Rtgxkqwu"yqtm"
in the case of Mexico has relied mostly on data 
from temporary deployments and has focused 
ctqwpf" vjg"Iwnh" qh" Ecnkhqtpkc" *Qdtgdumk" et al., 
2006; Obrebski and Castro, 2008; van Benthem 
et al.,"422:="Nqpi."4232+."cpf"qp"uwdfwevkqp"qh"
the Rivera and Cocos plates at the Middle America 
Vtgpej"*Uvwdcknq"cpf"Fcxku."4229."4234c."4234d="
Bernal-Díaz et al., 2008; Soto et al.,"422;="Tqlq/
Ictkdcnfk."4234+0"Kp"vjg"rtgugpv"ctvkeng."fcvc"htqo"
c"rgtocpgpv"dtqcfdcpf"pgvyqtm"jcu"dggp"wugf."
vjwu" eqxgtkpi" c" nctig" ctgc" qh" vjg" eqwpvt{"ykvj"
ykfgn{"urcegf"uvcvkqpu0"Vjku"crrtqcej"uvcpfu"kp"
eqpvtcuv"vq"vgorqtct{"fgrnq{ogpvu"yjkej"wuwcnn{"
eqxgt"uocnngt"ctgcu"ykvj"c"fgpug"cttc{0

Data and Procedure

Most of the anisotropy measurements in this study 
used the SKS phase at epicentral distances greater 
vjcp" ;2̇0" Cffkvkqpcnn{." qvjgt" eqtg/vtcpuokvvgf"
phases such as sSKS, SKKS, and PKS" ygtg"
used as available. Clear SKS readings at these 
fkuvcpegu" tgswktgf" c"okpkowo"ocipkvwfg" qh"
6.0, although occasionally smaller events proved 
wughwn0" Vjg" tgeqtfu"ygtg" rtqxkfgf" d{"OgzkeqÓu"
Ugtxkekq"Ukuoqn„ikeq"Pcekqpcn"*UUP+"dtqcfdcpf"
pgvyqtm"*Ukpij"et al.,"3;;9+0"Vjg"UUP"fcvcdcug"

ycu" ugctejgf" kp" vjg" rgtkqf" htqo"Oc{" 3;;:" vq"
gctn{" Lcpwct{" 42260" Kv" rtqxkfgf" c" vqvcn" qh" 57;"
gctvjswcmgu"ykvjkp"vjg"fkuvcpeg"cpf"ocipkvwfg"
etkvgtkc0" Nqecn" rtqdngou" ykvj" vjg" gswkrogpv"
precluded the simultaneous recording of some 
gxgpvu" d{" cnn" uvcvkqpu0" Vjg" fcvc"ygtg" ucorngf"
20 times per second using Streckeisen STS-2 
broadband, three-component velocity sensors, 
gzegrv"cv"uvcvkqp"VGKI."yjgtg"c"Igqvgej"MU58222"
dqtgjqng" ugkuoqogvgt" ycu" kpuvcnngf0" Hkiwtg" 3"
ujqyu"vjg"uvwf{"ctgc"cpf"vjg"nqecvkqp"qh"vjg"42"
stations used.

The procedure used to measure anisotropy 
ycu"gzrnckpgf"d{"Uknxgt"cpf"Ejcp"*3;;3+"cpf"ku"
rtgugpvgf"jgtg"qpn{"dtkgÞ{0"Vjg"urnkv"SKS"ycxgu"
ctg" qdugtxgf" kp" vjg" hcuv" cpf" unqy" jqtk¦qpvcn"
eqorqpgpvu."yjkej"ctg"qtvjqiqpcn0" Kp"igpgtcn."
these are different from the radial and transverse 
eqorqpgpvu."yjkej"ctg"cnuq"qtvjqiqpcn0"Kp"qtfgt"
to obtain h and ft, a time segment containing the 
SKS arrival, or another P to S conversion at the 
eqtg/ocpvng"dqwpfct{"*EOD+."ku"ugngevgf"htqo"vjg"
pqtvj/uqwvj"cpf"gcuv/yguv"jqtk¦qpvcn"eqorqpgpvu0"
Vjg"vyq"eqorqpgpvu"ctg"tqvcvgf"d{"qpg"fgitgg"cv"
c"vkog."ykvj"h"tcpikpi"dgvyggp"/;2"cpf";2̇0"Hqt"
each value of h, the components are time shifted 
relative to each other using increments of 0.05 s, 
ykvj"ft ranging from 0 to 8 s. For each combination 
of h and ft, the eigenvalues n

1
 and n

2
 of the 

eqxctkcpeg"ocvtkz" dgvyggp" vjg" vyq" qtvjqiqpcn"
components are evaluated. For an anisotropic 
medium, n

1
 and n

2
"yknn"dg"fkhhgtgpv"htqo"¦gtq0"Kp"

vjg"rtgugpeg"qh"pqkug."vjg"fguktgf"uqnwvkqp"yknn"dg"
ikxgp"d{"vjg"ocvtkz"yjkej"ku"oquv"pgctn{"ukpiwnct0"
A grid search is then run through all combinations 
qh"*h, ft+"ykvjkp"vjg"urceg"qh"rquukdng"uqnwvkqpu"kp"
order to choose the minimum eigenvalue, n

2
min. 

Vjg" cevwcn" xcnwgu" qh" *h, ft+" cuuqekcvgf" vq"n
2
min 

characterize the anisotropy because the highest 
etquu/eqttgncvkqp"ykvjkp" vjg"ikxgp" urceg" qeewtu"
hqt"vjg"hcuv"cpf"unqy"ycxghqtou0"Uqogvkogu"vjg"
measurement returns a null value and splitting of 
vjg"ujgct"ycxg"ecppqv"dg"fgvgevgf."cu"ku"vjg"ecug"
hqt"cp{"qh"vjg"vjtgg"hqnnqykpi"ukvwcvkqpu0"*3+"ft = 
2"u"kpfkecvgu"vjg"cdugpeg"qh"cpkuqvtqr{0"*4+"h = h

b
 means that the fast axis, h,"ku"qtkgpvgf"ykvj"vjg"

back azimuth, h
b
."*5+"h = h

b
"-";2̇"ogcpu"vjcv"

the fast axis is perpendicular to the back azimuth.

Hkiwtg"4c"ujqyu"vjg"SKS arrival on the radial 
and transverse components at SSN station OXIG 
hqt" vjg" gctvjswcmg" qh" Oc{" 38." 3;;:" uqwvj" qh"
vjg"Hklk" Kuncpfu0"Vjg"j{rqegpvgt"ycu" nqecvgf"cv"
7:8"mo"fgrvj" cpf" vjg" grkegpvtcn" fkuvcpeg"ycu"
;2032̇0"Vcdng"3"nkuvu"vjg"gxgpvu"wugf"kp"vjku"uvwf{"
vq"swcpvkh{"wrrgt"ocpvng"cpkuqvtqr{0"Gcej"SKS 
ycxghqto"ycu" ejqugp"d{"xkuwcn" kpurgevkqp"cpf"
c" Ýtuv" qtfgt." dcpfrcuu" Dwvvgtyqtvj" Ýnvgt" ycu"
crrnkgf0" Kp" gxgt{" ecug" cp" cvvgorv" ycu"ocfg"
to retain the broadest bandpass possible, but 
vjg" cevwcn" eqtpgt" htgswgpekgu"ygtg" fgvgtokpgf"
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dcugf" qp" vjg" htgswgpe{" qh" vjg" pqkug" chhgevkpi"
gcej" tgeqtf0" Vjg" nqy" htgswgpe{" eqtpgt" ycu"
ejqugp"kp"vjg"tcpig"htqo"2023"vq"2026"J¦"*rgtkqfu"
dgvyggp"322"cpf"47"u+"yjkng"vjg"jkij"htgswgpe{"
eqtpgt"xctkgf"dgvyggp"302"cpf"307"J¦" *htqo"3"
vq"2089"u+."yjkej" ku"crrtqrtkcvg" hqt" vjg"rjcugu"
wugf"cpf" vjg"gzrgevgf"fgnc{" vkogu" *Yqnhg"cpf"
Uknxgt."3;;:+0"C"vkog"ugiogpv"kpenwfkpi"qpn{"vjg"
ugngevgf" rjcug"ycu" ewv" htqo" vjg" ugkuoqitco0"
In Figure 2 the time series is 33 s long and is 
typical of the record lengths used throughout 
vjku" yqtm0" Hkiwtg" 5" ujqyu" vjg" eqodkpcvkqp" qh"
*h, ft+"rtqfwekpi"vjg"okpkowo"gkigpxcnwg."n

2
min. 

The black dot means that the delay time, ft, is 
1.05 s and the fast axis, h,"ku":̇"gcuv"qh"pqtvj0"
Vjg"Ýtuv"eqpvqwt"ctqwpf"vjg"fqv"dqwpfu"vjg";7'"
eqpÝfgpeg"kpvgtxcn"hqt"vjg"ogcuwtgogpv0"Cnn"vjg"

Figure 1. Average measurements of h and ft for stations in southern Mexico. The length of the black bars is proportional 
to ft."cu"kpfkecvgf"kp"vjg"ngigpf0"Vjg"itc{"dct"cv"EWKI"tgrtgugpvu"c"rqqtn{"eqpuvtckpgf"ogcuwtgogpv0"Dncem"cttqyu"
kpfkecvg"vjg"fktgevkqp"qh"cduqnwvg"oqvkqp"hqt"vjg"Pqtvj"Cogtkecp"rncvg0"Itc{"cttqyu"ujqy"vjg"fktgevkqp"qh"vjg"tgncvkxg"
rncvg"oqvkqpu"hqt"gkvjgt"vjg"uocnn"Tkxgtc"*pqtvjyguv+"qt"vjg"nctigt"Eqequ"*uqwvjgcuv+"rncvg"tgncvkxg"vq"Pqtvj"Cogtkec0"
Velocities are given in cm/yr for both the APM and the RPM. The Middle America Trench is represented by the line 
ykvj"uocnn"vtkcpingu0"Vjg"Vtcpu/Ogzkecp"Xqnecpke"Dgnv"*VOXD+"ku"kpfkecvgf"d{"vjg"nkijv"ujcfkpi0"Uqnkf"nkpgu"tgrtgugpv"
vjg" kuqfgrvj"eqpvqwtu"qh"j{rqegpvgtu"ykvjkp" vjg"uwdfwevkpi"Tkxgtc"cpf"Eqequ"rncvgu0"Nkpgu"ctg"fcujgf"yjgtg"pq"
j{rqegpvgtu"ygtg"cxckncdng0"Eqpvqwtu"yguv"qh";6̇Y"ctg"htqo"Rctfq"cpf"Uwƒtg¦"*3;;7+"yjkng"eqpvqwtu"gcuv"qh";6̇Y"
ctg"htqo"Tqft‡iwg¦/Rfitg¦"*4229+0"Kp"cnn"ecugu."eqpvqwtu"fggrgt"vjcp"322"mo"ctg"htqo"Tqft‡iwg¦/Rfitg¦"*4229+0"Cnuq"
ujqyp"ctg"vjg"Tkxgtc"Vtcpuhqto"Hcwnv"*TVH+."Gcuv"RcekÝe"Tkug"*GRT+."Gn"Iqtfq"Itcdgp"*GII+."Qtq¦eq"Htcevwtg"¥qpg"
*QH¥+."QÓIqtocp"Htcevwtg"¥qpg"*QIH¥+."cpf"Vgjwcpvgrge"Tkfig"*VT+0"Hqwt/ngvvgt"uvcvkqp"eqfgu"ygtg"ujqtvgpgf"d{"

dropping the -IG ending common to all of them.

Figure 2. SKS"ycxg"htqo"vjg"gxgpv"qh"Oc{"38."3;;:"uqwvj"qh"vjg"Hklk"Kuncpfu"*44036̇U."39;092̇Y."
h = 586 km, M"?"70;+"tgeqtfgf"cv"dtqcfdcpf"uvcvkqp"Qczcec"*QZKI+0"Vjg"grkegpvtcn"fkuvcpeg"ku"
;2032̇0"*c+"Vjg"tcfkcn"cpf"vtcpuxgtug"xgnqekv{"eqorqpgpvu"ctg"ujqyp0"*d+"Vjg"tcfkcn"cpf"vtcpuxgtug"
eqorqpgpvu"ctg"ujqyp"chvgt"eqttgevkpi"hqt"urnkvvkpi"wukpi"vjg"xcnwgu"vjcv"ygtg"ogcuwtgf0
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Table 1."Uqwteg"rctcogvgtu"qh"vjg"gctvjswcmgu"wugf"vq"ogcuwtg"wrrgt"ocpvng"cpkuqvtqr{0

Date Origin time Lat. Long. Depth Mag. Location
Y/M/D H:M:S (°N) (°E) (km)

3;;:127138" 24<44<25" /44036" /39;092" 7:8" 70;" Uqwvj"qh"Hklk"Kuncpfu
3;;:12:142" 28<62<74" 4:0;9" 35;062" 622" 804" Dqpkp"Kuncpfu"tgikqp
3;;:13312:" 29<47<6;" /:0;2" 343065" 32" 805" Hnqtgu"tgikqp."Kpfqpgukc
3;;;124144" 23<22<54" /43074" 38;088" 32" 806" Nq{cnv{"Kuncpfu"tgikqp
3;;;126127" 33<29<74" /7053" 36;0:6" 32" 906" Pgy"Dtkvckp"tgikqp."Rcrwc"Pgy"Iwkpgc
3;;;12612:" 35<32<56" 65082" 352075" 782" 904" Gcuvgtp"Twuukc/pqtvjgcuvgtp"Ejkpc
3;;;126135" 32<5:<69" /4305:" /398076" 385" 808" Hklk"Kuncpfu"tgikqp
3;;;126142" 3;<26<2:" /530:5" /39;029" ;8" 807" Mgtocfge"Kuncpfu
3;;;127134" 39<7;<43" 65024" 3650:6" ;:" 804" Jqmmckfq"tgikqp."Lcrcp
3;;;127139" 32<29<7;" /6078" 3740;8" 32" 80;" Pgy"Ktgncpf"tgikqp."Rcrwc"Pgy"Iwkpgc
3;;;129129" 3:<74<79" 6;047" 377076" 32" 804" Mwtkn"Kuncpfu
3;;;12914:" 32<2:<43" /52046" /3990;:" 32" 804" Mgtocfge"Kuncpfu
3;;;12:123" 2:<5;<2:" /52066" /3990:6" 32" 806" Mgtocfge"Kuncpfu
3;;;13213:" 24<65<46" /78022" /48072" 32" 803" Uqwvj"Ucpfykej"Kuncpfu"tgikqp
3;;;133134" 38<79<42" 62099" 53037" 32" 904" Vwtmg{
3;;;133148" 35<43<37" /38067" 38:03:" 32" 903" Xcpwcvw"Kuncpfu
422212312:" 23<3;<68" /;0;5" 382027" 32" 806" Uqnqoqp"Kuncpfu
422212514:" 33<22<42" 44063" 36507;" 338" 909" Xqnecpq"Kuncpfu"tgikqp."Lcrcp
4222127128" 35<66<39" /33048" 387063" 32" 805" Ucpvc"Etw¦"Kuncpfu
4222128128" 36<79<24" 4;069" 353063" 32" 802" Uqwvjgcuv"qh"T{wm{w"Kuncpfu
4222128136" 24<37<47" /47079" 3990;9" 826" 806" Uqwvj"qh"Hklk"Kuncpfu
422212:137" 26<52<2;" /53074" 39;08:" 57:" 808" Mgtocfge"Kuncpfu"tgikqp
422212:143" 2;<38<47" /7502:" /68054" 32" 803" Uqwvj"Cvncpvke"Qegcp
422212:14:" 3;<4;<48" /6037" 349043" 6:" 806" Dcpfc"Ugc
422213214;" 2:<59<25" /703:" 376022" 322" 805" Uqnqoqp"Kuncpfu
4222133129" 22<3:<28" /77047" /4;03:" 32" 80:" Uqwvj"Ucpfykej"Kuncpfu"tgikqp
4222133139" 43<23<78" /706;" 373088" 32" 907" Pgy"Dtkvckp"tgikqp."Rcrwc"Pgy"Iwkpgc
4223123148" 25<38<63" 45062" 92054" 46" 90;" Uqwvjgtp"Kpfkc
4224126148" 38<28<28" 35033" 366078" :7" 903" Octkcpc"Kuncpfu
422412712:" 27<48<22" /390;6" /396087" 353" 805" Vqpic"Kuncpfu
4224128128" 45<75<73" /20::" 36:042" 32" 805" Cfoktcnv{"Kuncpfu."Rcrwc"Pgy"Iwkpgc
4224128144" 24<7:<42" 57085" 6:0;7" 32" 807" Yguvgtp"Ktcp
422412814:" 39<3;<52" 65099" 352094" 786" 905" Gcuvgtp"Twuukc/pqtvjgcuvgtp"Ejkpc
422412:124" 45<33<5;" "4;054" 35;026" 647" 804" Uqwvjgcuv"qh"Jqpujw."Lcrcp
422412:137" 27<52<4;" /3047" 343058" 32" 804" Uwncyguk."Kpfqpgukc
422412:13;" 33<23<23" /430:2" /39;06;" 7:9" 908" Hklk"Kuncpfu"tgikqp
422412;12:" 3:<66<48" /5046" 3640:;" 32" 908" Pgy"Iwkpgc."Rcrwc"Pgy"Iwkpgc
422412;137" 2:<5;<53" 660:8" 35202:" 79:" 807" Pqtvjgcuvgtp"Ejkpc
4224132126" 3;<27<72" /420:4" /39;022" 849" 806" Hklk"Kuncpfu"tgikqp
2002/10/14 14:12:43 41.34 142.06 58 6.1 Hokkaido region, Japan
4224132144" 33<5;<26" /42069" /39:084" 774" 804" Hklk"Kuncpfu"tgikqp
4225123142" 2:<65<28" /32064" 382092" 32" 905" Uqnqoqp"Kuncpfu
4225124132" 26<6;<52" /8024" 36;0:4" 32" 805" Pgy"Dtkvckp"tgikqp."Rcrwc"Pgy"Iwkpgc
4225125124" 38<64<78" /580:2" /42095" 32" 804" Uqwvjgtp"Okf/Cvncpvke"Tkfig
4225125133" 29<49<54" /6092" 375035" 32" 80:" Pgy"Ktgncpf"tgikqp."Rcrwc"Pgy"Iwkpgc
4225127135" 43<43<35" /39062" 389088" 32" 804" Xcpwcvw"Kuncpfu
4225127143" 3:<66<3:" 580::" 5095" 32" 80:" Pqtvjgtp"Cnigtkc
4225128134" 2:<7;<42" /70;6" 376092" 3:7" 804" Dqwickpxknng"tgikqp."Rcrwc"Pgy"Iwkpgc
422512:126" 26<59<42" /82078" /6506;" 32" 907" Ueqvkc"Ugc
422512:143" 34<34<72" /6703:" 389034" 32" 902" Uqwvj"Kuncpf"qh"Pgy"¥gcncpf
422512;148" 42<5:<43" 64027" 366069" 32" 802" Jqmmckfq"tgikqp."Lcrcp
422512;14;" 24<58<76" 64066" 36605;" 32" 807" Jqmmckfq"tgikqp."Lcrcp
422513212:" 2;<28<77" 64088" 36606;" 32" 809" Jqmmckfq"tgikqp."Lcrcp
422513213:" 44<49<35" 2074" 348027" 32" 806" Oqnweec"Ugc
4225132153" 23<28<4:" 590:5" 36407;" 32" 902" Jqpujw."Lcrcp
4225134149" 38<22<7;" /44025" 38;087" 32" 905" Uqwvjgcuv"qh"vjg"Nq{cnv{"Kuncpfu
4226123125" 38<45<3:" /44052" 38;092" 32" 903" Uqwvjgcuv"qh"vjg"Nq{cnv{"Kuncpfu
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qvjgt"eqpvqwtu"ctg"ownvkrngu"qh"vjg"Ýtuv"qpg"cpf"
are located at higher “elevations” or mountains. 
The black dot is located at the bottom of a valley. 
Vjg";7'"eqpÝfgpeg"eqpvqwt"ycu"ecnewncvgf"wukpi"
gswcvkqp" *38+" kp" Uknxgt" cpf" Ejcp" *3;;3+" cpf"
taking one degree of freedom for each second 
of the record containing the SKS"cttkxcn"*Uknxgt"
cpf"Ejcp."3;;3="M0"O0"Hkuejgt."Dtqyp"Wpkxgtukv{."
rgtuqpcn"eqoowpkecvkqp."3;;:+0"Vjg"wpegtvckpvkgu"
are read directly from the contour plots. In this 
ecug."vjg"ogcuwtgogpv"ykvj"kvu"ł3u uncertainty is 
*h, ft+"?"*:ł49̇."3027ł2087"u+0"Kp"vjg"gxgpv"vjcv"
vjg";7'"eqpÝfgpeg"tgikqp"ku"pqv"crrtqzkocvgn{"
u{oogvtke." vjg" nctiguv" qh" vjg" vyq" rquukdng" 3u 
xcnwgu"ku"wugf."k0"g0"kp"iqkpi"htqo":̇"vq"57̇."cu"
qrrqugf"vq"iqkpi"htqo":̇"vq"/7̇"*Hkiwtg"5+0"Vjg"
eqpvqwt"rnqvu"ctg"cnuq"wughwn"vq"icwig"vjg"swcnkv{"
qh"vjg"ogcuwtgogpvu0"Hqt"gzcorng."c"nctig";7'"
eqpÝfgpeg"ctgc"ogcpu"vjcv"vjg"rctcogvgtu"ctg"
poorly constrained. If multiple minima occur 
then the measurement is not reliable. Another 
rquukdknkv{" ku" vjcv" vjg" ;7'" eqpvqwt" fqgu" pqv"
close, thus indicating a null measurement. All the 
individual splitting measurements are reported 
in Table 2.

It is important to run a number of checks in 
order to make sure that the observation of SKS 
energy on the transverse component is indeed 
the result of anisotropy and does not arise from 
c" fkhhgtgpv" rtqeguu" uwej" cu" uecvvgtkpi" *Uknxgt"
cpf"Ejcp."3;;3="Ucxcig."3;;;+0"Nkmgykug."vjgug"
checks mean that the values determined for h and ft"ctg"tgnkcdng0"*3+"Cp"ÐwpurnkvvkpiÑ"eqttgevkqp"ku"
applied to the radial and transverse records using 
vjg"guvkocvgf"urnkvvkpi"rctcogvgtu0"Kh"*h, ft+"fq"
describe anisotropy, then the SKS" ycxg"owuv"
disappear, or at least its amplitude is decreased, 
htqo"vjg"eqttgevgf"vtcpuxgtug"eqorqpgpv"*Hkiwtg"
4d+0"Ukoknctn{."vjg"cornkvwfg"qh"SKS is increased 
on the corrected radial component, although this 
ghhgev"ku"uocnn0"*4+"Vjg"rctvkeng"oqvkqp"qh"vjg"SKS 
arrival in the transverse component is plotted 
as function of the radial component. Before the 
unsplitting correction, particle motion must be 
crrtqzkocvgn{" gnnkrvkecn" *Hkiwtg" 6c+." cpf" chvgt"
eqttgevkqp"kv"dgeqogu"pgctn{"nkpgct"*Hkiwtg"6d+0"*5+"
The N-S and E-W records are rotated through the 

Figure 3."Eqpvqwt"rnqv"ujqykpi"vjg"okpkowo"xcnwg"kp"
*h, ft+/urceg"cu"kpfkecvgf"d{"vjg"fqv0"Kp"vjku"ecug"vjg"
hcuv"rqnctk¦cvkqp"fktgevkqp"ku"P:̇G"cpf"vjg"fgnc{"vkog"
ku"3027"u0"Vjg"Ýtuv"eqpvqwt"ctqwpf"vjg"fqv"dqwpfu"vjg"

;7'"eqpÝfgpeg"tgikqp0

Figure 4." C" hwtvjgt" ejgem"ycu" c" eqorctkuqp" qh" vjg"
particle motion in the transverse component as a 
hwpevkqp" qh" vjg" tcfkcn0" *c+" Dghqtg" eqttgevkpi" hqt" vjg"
cpkuqvtqr{"vjg"rctvkeng"oqvkqp"ku"gnnkrvkecn0"*d+"Chvgt"c"
correction for the measured anisotropy is applied, the 

particle motion becomes close to linear.
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Table 2. Individual splitting parameters measured at each station.

Station Date l
b
 Phase l jl hv jhv

  Y/M/D (°)  (°) (°) (s) (s)

ECKI" 422212514:" 522044" UMU" /:6" 73" 20;7" 20:7
" " 422212514:" 522044" uUMU" 59" 5:" 4047" 3087
" " 422412814:" 54608;" UMU" 64" 99" 3032" 3082
" " 4225127135" 47602:" UMU" 72" 53" 3082" 20;2
" " 4225132153" 536069" UMU" 64" /" /" /

EEKI" 422412814:" 54:098" UMU" /35" 88" 2072" 6042
" " 4225127135" 4770;2" UMU" 6:" 67" 20:2" 3022
" " 422512;14;" 5420;9" UMU" /3;" 77" 2092" 30;2

ELKI" 3;;:127138" 466038" UMU" /53" /" /" /
  2000/08/21 148.88 SKS -23 12 1.35 0.55
" " 422412814:" 544098" UMU" /39" 33" 2077" 2052
" " 422412:13;" 46605;" UMU" /53" /" /" /
  2002/10/04 245.10 SKS -41 - - -

EOKI" 4224126148" 4;505;" uUMU" 42" /" /" /
  2002/06/22 32.68 SKKS 44 - - -
" " 4224132126" 46:085" UMU" 76" 7" 3092" 2072
  2002/10/22 248.86 SKS 52 - - -
" " 4225127135" 477067" UMU" 72" 82" 3022" 20;2
" " 422512:126" 379045" UMU" 89" /" /" /
" " 422512:143" 449058" UMU" 76" /" /" /
" " 4225132153" 53809;" UMU" 73" /" /" /

EQKI" 3;;;126127" 49206:" UMU" 46" 5:" 20:2" 3022
" " 422212514:" 4;;044" UMU" 3:" /" /" /
" " 4222127128" 47;0:4" UMU" 6:" 7;" 3037" 3037
" " 4224132136" 538079" UMU" /52" 64" 3032" 2082
" " 4225127135" 475054" UMU" 39" 63" 2082" 20;2
" " 4225127143" 6;0:7" UMU" 66" /" /" /
" " 4225128134" 48:04:" UMU" 94" 86" 20:7" 20;7

CUIG 2000/05/06 261.25 SKS 38 55 1.20 1.25

JWKI" 3;;;124144" 472066" UMU" 7;" /" /" /
" " 3;;;126135" 46902:" UMU" 87" /" /" /
" " 3;;;129129" 543085" UMU" 73" /" /" /
" " 3;;;12914:" 45;02:" UMU" 85" /" /" /
" " 3;;;12:123" 45:0:7" UMU" 85" /" /" /
" " 3;;;133148" 477096" UMU" 88" /" /" /
  2000/05/06 261.50 SKS 50 43 1.10 0.60
  2000/06/14 244.58 SKS 63 - - -
  2002/10/04 248.31 SKS 66 - - -
" " 4224132144" 46:076" UMU" 7;" /" /" /
" " 4225127135" 4760;5" UMU" 88" /" /" /

NXKI" 3;;:127138" 46903;" UMU" 65" 33" 3037" 2077
" " 4225127135" 477079" UMU" 66" 78" 3067" 3097
" " 4225134149" 472074" UMU" 68" 87" 3082" 4082
" " 4226123125" 472046" UMU" 69" 34" 3062" 2092



GEOFÍSICA INTERNACIONAL

OCTOBER - DECEMBER 2013      5;3

Table 2. Continuation.

Station Date l
b
 Phase l jl hv jhv

  Y/M/D (°)  (°) (°) (s) (s)

OQKI" 422212:137" 459035" UMU" /82" 69" 20;2" 20:2
" " 4224128144" 4904;" UMMU" 77" 48" 20;7" 2057
  2002/08/15 288.85 PKS 25 - - -
" " 422412:13;" 4670:2" UMU" /:7" 72" 2067" 3047
" " 422412;137" 547094" UMU" 99" 3:" 3057" 2077
" " 422412;137" 547094" UMMU" 73" /" /" /
" " 422513212:" 539098" UMU" :;" /" /" /

QZKI" 3;;:127138" 469027" UMU" :" 49" 3027" 2087
" " 3;;;12612:" 548064" UMU" 64" 52" 3042" 2092
" " 3;;;126142" 459093" UMU" 6;" 35" 3057" 2067
" " 3;;;127134" 53;0:9" UMU" 5:" 82" 3097" 3087
" " 3;;;13213:" 3690;8" UMU" 57" 44" 3042" 2062
  2000/03/28 301.82 SKS 32 - - -
" " 422212:14:" 4:3099" RMU" 9" /" /" /
" " 422412:124" 53204:" UMU" 54" 9" 4037" 2087
" " 422412;12:" 498062" UMU" 4:" 77" 3037" 3077
" " 422412;137" 549082" UMU" 33" 55" 2087" 2062
" " 4224132126" 46:02;" UMU" 63" 45" 20:7" 2067
" " 4225127135" 4760;;" UMU" 63" 48" 3057" 2077
" " 422513212:" 53;052" UMU" 57" 45" 3047" 3042

RNKI" 3;;;12612:" 547043" UMU" 92" 32" 4022" 3022
" " 3;;;127139" 493054" UMU" 5:" 3;" 3092" 2052
" " 3;;;13213:" 369046" UMU" /3:" 8:" 3027" 2077
" " 3;;;133134" 58084" UMU" 92" 5:" 3047" 2097
" " 422212514:" 5220;2" UMU" 7:" 56" 20;7" 2097
" " 422212514:" 5220;2" uUMU" 56" 36" 4037" 3037
  2000/05/06 261.01 SKS 13 10 1.35 0.45
" " 4222128128" 53505;" UMU" 73" /" /" /
" " 4222128136" 465093" UMU" 54" 68" 2087" 20:7
" " 422212:137" 459084" UMU" 68" 78" 3022" 3042
" " 4224126148" 4;309;" uUMU" 64" 87" 2092" 20:2
" " 422412814:" 547046" UMU" 95" 9" 30:7" 2087
" " 422412:124" 52;044" UMU" 76" :8" 20:2" 3042
" " 422412:13;" 468065" UMU" 74" 3:" 20;7" 2077
" " 422412;12:" 498033" UMU" 7" /" /" /
" " 422412;137" 54805;" UMU" 95" :" 4027" 3027
" " 4224132126" 46903:" UMU" 45" 52" 2092" 2072
" " 4225123142" 48503;" UMU" 89" 35" 30:7" 20:7
" " 4225124132" 4920:8" UMU" 38" 72" 3077" 2097
" " 4225127135" 476068" UMU" 3;" 45" 3027" 2057
" " 422512:143" 449034" UMU" 72" /" /" /
" " 422513213:" 4:90;9" RMU" 62" 42" 3072" 2092

RPKI" 3;;:12:142" 52:0;4" UMU" 42" /" /" /
" " 3;;;13213:" 369087" UMU" 45" 95" 2067" 4077
" " 422212514:" 5220;:" UMU" 38" /" /" /
" " 422212514:" 5220;:" uUMU" 36" /" /" /
  2002/06/28 325.63 SKS 26 51 0.50 0.40
" " 422412;137" 54809;" UMU" 3:" 7:" 2082" 4042

RRKI" 422212312:" 48604;" UMU" 53" 73" 3062" 3077
" " 4223123148" 36095" RMU" 54" ;" 4037" 2097
" " 422412;12:" 49809;" UMU" 46" 36" 4037" 20:7
  2003/08/04 156.03 SKS 22 56 1.80 2.55
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Table 2. Continuation.

Station Date l
b
 Phase l jl hv jhv

  Y/M/D (°)  (°) (°) (s) (s)

SCIG 2002/05/08 251.16 SKS -16 - - -
" " 4225125124" 352086"" UMU" /6;" /" /" /

VGKI" 3;;:127138" 46;09:" UMU" 83" 3;" 3062" 20;2
" " 3;;;12612:" 553084" UMU" 7;" /" /" /
" " 3;;;127134" 5450;9" UMU" 89" /" /" /
  2002/06/28 331.62 SKS 60 - - -
" " 422512:126" 37;07:" UMU" 92" /" /" /

VRKI" 4225125133" 4930:3" UMU" 57" 35" 3072" 2052
" " 4225128134" 492029" UMU" 54" 43" 3067" 2077
" " 422512:143" 44905;" UMU" 66" /" /" /

VWKI" 3;;:127138" 469097" UMU" 75" 6;" 3047" 3047
" " 3;;;127134" 5420;3" UMU" 74" /" /" /
" " 3;;;13213:" 36:073" UMU" 88" /" /" /
" " 422412:124" 533097" UMU" 66" /" /" /

[CKI" 3;;:127138" 468053" UMU" 77" 88" 2062" 3042
" " 3;;;133134" 58099" UMU" 83" 44" 3062" 2092
  2000/03/28 301.22 SKS 56 14 2.15 0.85
" " 422212514:" 523044" uUMU" 92" 46" 3027" 2077
" " 422212:137" 459099" UMU" 92" /" /" /
  2002/06/28 325.52 SKS 82 - - -
" " 422412;137" 548088" UMU" 9:" /" /" /
" " 4225123142" 485065" UMU" :;" /" /" /
" " 422512;148" 53:039" UMU" 96" /" /" /
" " 422512;14;" 53:05:" UMU" 92" 55" 3082" 3047
" " 4225132153" 53703;" UMU" 74" /" /" /

¥CKI" 3;;:13312:" 4:303;" RMU" /9:" /" /" /
" " 3;;;127139" 493076" UMU" /:9" /" /" /
" " 3;;;13213:" 368036" UMU" /79" 49" 3027" 2067
" " 4222128136" 464097" UMU" /84" 4:" 20;2" 2062
" " 422212:137" 458096"" UMU" /86" 4:" 2097" 2057
" " 422213214;" 492077" UMU" /::" /" /" /
" " 4222133129" 368033" UMU" /:;" 5:" 3022" 3022
" " 4222133139" 493039" UMU" /9:" /" /" /
" " 4224128128" 4980;;" UMU" /:2" /" /" /
" " 422412:13;" 467036" UMU" /82" 38" 20:7" 2042
" " 4224132136" 539039" UMU" /78" 62" 3032" 3022

¥KKI" 3;;;12612:" 546037" UMU" /38" 59" 2077" 2057
" " 3;;;12612:" 546037" UMMU"" /4;" ;4" 3067" 4027
" " 422412814:" 54603;" UMU" /:" 54" 2072" 2057
" " 422412;137" 547057"" UMMU" /36" 93" 3042" 3097

Fcvgu"qh"vjg"gctvjswcmgu"cpf"vjg"rjcugu"wugf"vq"ogcuwtg"kpfkxkfwcn"urnkvvkpi"rctcogvgtu"cv"gcej"uvc-
tion. l

b
 is the back azimuth. Parameter l"ku"vjg"hcuv"rqnctk¦cvkqp"fktgevkqp"*ogcuwtgf"gcuv"qh"pqtvj+."hv"

is the delay time, and jl and jhv"ctg"vjg"3j"wpegtvckpvkgu0
Pwnn"ogcuwtgogpvu"ctg"tgrtgugpvgf"ykvj"c"pqp¦gtq"xcnwg"hqt"l"cpf"fcujgu"hqt"vjg"pgzv"vjtgg"eqnwopu0"
Vjgtghqtg."cp{"qh"vjg"vjtgg"hqnnqykpi"ukvwcvkqpu"eqwnf"qeewt"hqt"vjg"rctvkewnct"gctvjswcmg/vq/uvcvkqp"
path being considered: l"Ã"l

b
, l"Ã"l

b
"ł";2̇."qt"hv"Ã"2"u0"Vjg"cevwcn"xcnwg"nkuvgf"hqt"l"ku"wugf"cu"c"

rquukdng"kpvgtrtgvcvkqp"qh"vjg"fcvc"cpf"ku"kpvgpfgf"cu"cffkvkqpcn"kphqtocvkqp"yjgtg"crrtqrtkcvg0
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angle h"vq"qdvckp"vjg"unqy"cpf"hcuv"eqorqpgpvu"qh"
the SKS"rwnug0"Vjg"hcuv"cpf"unqy"ycxghqtou"owuv"
have roughly the same shape and the fast SKS 
owuv"cttkxg"dghqtg"vjg"unqy"SKS by an amount 
crrtqzkocvgn{"gswcn"vq"vjg"ogcuwtgf"ft"*Hkiwtg"
7+0"Ujkhvkpi"vjg"unqy"ycxg"hqtyctf"d{"c"vkog"ft 
ujqwnf"cnkip"kv"ykvj"vjg"hcuv"ycxg0

ku"yqtvj"ogpvkqpkpi"vjcv"vjg"cxgtcig"wpegtvckpv{"
kp"Vcdng"4"ku"59̇0"Vjg"uocnnguv"fgnc{"vkog"ku"2062"
s and the largest is 2.25 s. The average delay 
time is 1.20 s. The smallest 1uft uncertainty for 
the delay time is 0.20 s, and the largest is 4.20 
s at station CCIG, although this is an extreme 
value. The second largest 1uft uncertainty is 2.60 
u0" Vjg" cxgtcig" wpegtvckpv{." jqygxgt." ku"owej"
nqygt" cv" 20;8" u0" Vjg" uvcvkqp" ykvj" vjg" nctiguv"
pwodgt" qh" qdugtxcvkqpu" ku" RNKI"ykvj" pkpgvggp"
tgeqtfu" ujqykpi" engctn{" urnkv" ycxghqtou" cpf"
three null measurements given that it had the 
largest number of records meeting the selection 
criteria previously explained. Station CUIG had 
vjg"hgyguv"qdugtxcvkqpu."qpn{"qpg"ykvj"c"engctn{"
urnkv"ycxghqto"ycu"cxckncdng0"Ukpeg"vjku"uvcvkqp"ku"
nqecvgf"ykvjkp"Ogzkeq"Ekv{."ewnvwtcn"pqkug"ku"egtvckpn{"
a problem. On average, 6.8 measurements are 
reported per station. Some sites are noisier 
vjcp"qvjgtu0"Cffkvkqpcnn{." vjg"uvcvkqpu"ygtg"pqv"
installed simultaneously and some of them had 
dggp"twppkpi"hqt"qpn{"c"ujqtv"vkog"yjgp"vjg"fcvc"
hqt"vjku"uvwf{"ygtg"icvjgtgf0"Gxgp"vjqwij"tgeqtfu"
htqo"57;"fkhhgtgpv" gctvjswcmgu"ygtg" cpcn{¦gf."
qpn{"79"qh"vjgo"igpgtcvgf"qdugtxcdng"P to S CMB 
conversions at the various stations. The individual 
urnkvvkpi"rctcogvgtu"ctg"ujqyp"kp"Hkiwtg"80

Cxgtcig"urnkvvkpi"rctcogvgtu"ygtg"ecnewncvgf"
for each station using the stacking method of Wolfe 
cpf"Uknxgt"*3;;:+0"Vjg"gttqt"uwthceg"cuuqekcvgf"vq"
the contour plot of each individual measurement is 
normalized by its minimum eigenvalue, n

2,i
min. The 

normalized error surfaces from all measurements 
cv" vjg" uvcvkqp" ctg" vjgp" uwoogf0" Kp" vjku" yc{."
the best splitting parameters are given by the 
okpkowo" xcnwg" qh" vjg" uwo" cpf" c" pgy" ;7'"
eqpÝfgpeg" kpvgtxcn" ku" qdvckpgf0" Cu" vjg" pqkug"
rtqrgtvkgu"xct{"hqt"fkhhgtgpv"gctvjswcmgu."uvcemkpi"
gxgpvu"ykvj"c" ukoknct"rqnctk¦cvkqp" kortqxgu" vjg"
Ýpcn"tguwnv"*Yqnhg"cpf"Uknxgt."3;;:+0"Vjgtghqtg."
vjg" uk¦g" qh" vjg" ;7'" eqpÝfgpeg" tgikqp" hqt" vjg"
averaged values is smaller than for the individual 
measurements. The averaged splitting parameters 
ctg"rtgugpvgf"kp"Vcdng"5."yjkej"kpenwfgu"vjg"hcuv"
polarization direction and the delay time, both 
ykvj" vjgkt" eqttgurqpfkpi" 3u uncertainties, as 
ygnn"cu"vjg"uvcvkqpuÓ"eqqtfkpcvgu"cpf"igqitcrjke"
location, and the total number of clearly split and 
null measurements. In this case, the smallest 
1uh uncertainty for the fast polarization direction 
ku"6̇."yjkng"vjg"nctiguv"ku"43̇0"Uvtkevn{"urgcmkpi."
vjgtg"ctg"vjtgg"wpegtvckpvkgu"qh"77."65."cpf"6;̇"
at stations CUIG, HUIG, and TUIG, respectively. 
These stations only had one split measurement 
each and so the individual measurement is 
tgrqtvgf"cu"vjg"cxgtcig0"Cu"ujqyp"kp"Vcdng"4"cpf"
in Figure 6, the results at stations HUIG and TUIG 
are considered reliable because they also had null 
ogcuwtgogpvu"eqpukuvgpv"ykvj"vjg"qpn{"urnkv"xcnwg"
reported. The average 1uh uncertainty in Table 3 
ku"38̇0"Vjg"uocnnguv"fgnc{"vkog"ku"2072"u"cpf"vjg"

Figure 5. Once the fast polarization direction is 
mpqyp."vjg"P/U"cpf"G/Y"jqtk¦qpvcn"tgeqtfu"ctg"tqvcvgf"
through the angle h" kp" qtfgt" vq" qdvckp" vjg" unqy"cpf"
fast components of the SKS" rwnug0" Vjgug"ctg" ujqyp"

normalized to the same amplitude.

Results

Table 1 lists the events that provided useful data 
hqt" vjku" uvwf{0" Gctvjswcmg" kphqtocvkqp" kpenwfgu"
the date, origin time, hypocenter, magnitude, and 
the geographic location. A total of 136 individual 
urnkvvkpi"ogcuwtgogpvu" ygtg"ocfg" cv" vygpv{"
different stations and are given in Table 2. The 
parameters are the fast polarization direction and 
vjg" fgnc{" vkog." dqvj"ykvj" vjgkt" eqttgurqpfkpi"
1u uncertainties. Also provided are the date 
of the event, the back azimuth, and the phase 
wugf"*SKS, SKKS, sSKS, or PKS+0"Vjg"qdugtxgf"
orientations of the fast polarization direction 
rtcevkecnn{" urcp" vjg" yjqng" urceg" qh" rquukdng"
uqnwvkqpu." htqo" /;2" vq" ;2̇0" Vjg" uocnnguv" 3uh 
wpegtvckpv{"hqt"vjg"hcuv"rqnctk¦cvkqp"fktgevkqp"ku"7̇."
yjkng"vjg"nctiguv"ku";4̇0"Vjg"ncvvgt"xcnwg"ku"swkvg"
nctig"cpf"uwej"cp"guvkocvg"pqtocnn{"yqwnf"pqv"
be reliable. In general, such large uncertainties 
ctkug"htqo"c"rqqt"ukipcn/vq/pqkug"tcvkq0"Yg"cnnqygf"
nctig"wpegtvckpvkgu"hqt"c"hgy"ogcuwtgogpvu"kh"vjg"
fcvc" cv" vjg" uvcvkqp"ygtg" uecteg0" Hwtvjgtoqtg."
Yqnhg"cpf"Uknxgt"*3;;:+"ujqygf"vjcv" kp"egtvckp"
ecugu." uvcemkpi"ogcuwtgogpvu"ykvj" nctig" gttqt"
regions can lead to improved estimates of the 
urnkvvkpi" rctcogvgtu0" Cu" gzrnckpgf" dgnqy." qwt"
ogcuwtgogpvu" hqt" gcej" uvcvkqp"ygtg" cxgtcigf"
using the stacking method proposed by Wolfe and 
Uknxgt"*3;;:+"cpf"eqpugswgpvn{"jcxg"uocnngt"3u 
uncertainties than the individual measurements. It 
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nctiguv"ku"30;2"u0"Vjg"cxgtcig"fgnc{"vkog"ku"302;"
s. The smallest 1uft uncertainty for the delay time 
ku"2032"u."yjkng"vjg"nctiguv"ku"3047"u0"Vjg"cxgtcig"
wpegtvckpv{"ku"2068"u0"Uvcvkqp"UEKI"qpn{"jcf"vyq"
null measurements from nonorthogonal back 
azimuths, so it is interpreted to have splitting 
dgnqy" vjg" vjtgujqnf"qh" vjg"fcvc0" Vjg"cxgtcigf"
urnkvvkpi"rctcogvgtu"ctg"ujqyp"kp"Hkiwtg"30

Discussion

Hkiwtg"3"ujqyu"vjg"cxgtcigf"urnkvvkpi"rctcogvgtu"
at each station and the tectonic environment of the 
uvwf{"ctgc0"Vjg"dguv"eqxgtcig"ku"hqwpf"dgvyggp"
;6" cpf" 323̇Y" nqpikvwfg0" Vjg" uvwf{" ctgc"ycu"
divided into several regions based on variations 
kp"vjg"vgevqpke"gpxktqpogpv"cu"ygnn"cu"fkhhgtgpegu"
in the measured anisotropy parameters. They are 
fkuewuugf"dgnqy0

Mexican Subduction Zone Between 96 and 
101°W Longitude

Kp" vjku" tgikqp" *Hkiwtg" 3+." uwdfwevkqp" qh" vjg"
Cocos plate under the North American plate at 
vjg"Okffng"Cogtkec"Vtgpej"*OCV+"ku"dqwpfgf"d{"
vjg" ncpfyctf" gzvgpukqp" qh" vjg"Qtq¦eq" Htcevwtg"
¥qpg"*QH¥+"cpf"vjg"Vgjwcpvgrge"Tkfig"*VT+0"Vjg"
tgncvkxg" xgnqekv{" dgvyggp" vjg" Eqequ" cpf"Pqtvj"
Cogtkecp"rncvgu"kpetgcugu"htqo"709"eo1{t"kp"vjg"
pqtvjyguv"vq"905"eo1{t"kp"vjg"uqwvjgcuv"*oqfgn"
PVEL in DeMets et al." *4232++"yjkng" vjg"Eqequ"
rncvg"oqxgu" kp" vjg" fktgevkqp"\P53̇G0" Vjg" hcuv"
polarization direction for many stations in this 
region is approximately the same as the relative 

Figure 6." *c+" Kpfkxkfwcn" ogcuwtgogpvu" qh" h and ft at stations in southern Mexico. Symbols are as 
in Figure 1. Additionally, null measurements from 
vyq" pqpqtvjqiqpcn" dcem" c¦kowvju" ctg" tgrtgugpvgf"
d{" vjg"yjkvg" dctu" *hqtokpi" vyq" etquugu+" hqt" uvcvkqp"
UEKI."yjkej"ku"kpvgtrtgvgf"vq"jcxg"urnkvvkpi"dgnqy"vjg"
threshold of the data. Other null measurements are 
ujqyp" qpn{" hqt" uvcvkqpu"ykvj" c" hgy"ygnn" eqpuvtckpgf"
splitting measurements. The fast directions for these 
pwnn"ogcuwtgogpvu"ygtg"ejqugp"vq"dg"eqpukuvgpv"ykvj"
the split observations. The box represents the area 

ujqyp"cu"cp"kpugv"kp"*d+0



GEOFÍSICA INTERNACIONAL

OCTOBER - DECEMBER 2013      5;7

rncvg"oqvkqp"*TRO+"dgvyggp"vjg"Eqequ"cpf"Pqtvj"
American plates, and approximately perpendicular 
to the MAT. Most of these stations overlie the 
Eqequ" rncvg"yjgtg" kv" uwdfwevu" uwdjqtk¦qpvcnn{"
*Rctfq"cpf"Uwƒtg¦."3;;7="Rfitg¦/Ecorqu"et al., 
422:="Jwumgt"cpf"Fcxku."422;+"cpf"nkmgn{"tgÞgev"
vjg"Þqy"fktgevkqp"qh"vjg"wrrgt"ocpvng"dgnqy"vjg"
slab. Given the conditions expected to prevail 
dgpgcvj"vjg"uncd."uwej"cu"nqy"uvtguu."nqy"ycvgt"
eqpvgpv." cpf" tgncvkxgn{" jkij" vgorgtcvwtg." yg"
cuuwog"vjcv"vjg"ncvvkeg"rtghgttgf"qtkgpvcvkqp"*NRQ+"
qh"qnkxkpg" ku"qh" v{rg/C"*Lwpi"et al., 2006; Long 
cpf"Uknxgt."422:+0"Vjgtghqtg."vjg"hcuv"cpkuqvtqr{"
czku" cpf"ocpvng"Þqy"ctg"qtkgpvgf" kp" vjg" ucog"
fktgevkqp0" Kv" cnuq" hqnnqyu" vjcv" Þqy" ku" gpvtckpgf"
under the subhorizontal Cocos slab. Most regions 

ykvj" uwduvcpvkcn" uwduncd" urnkvvkpi" ctqwpf" vjg"
yqtnf."jqygxgt."ujqy"vtgpej/rctcnngn"h."yjkej"ku"
kpvgtrtgvgf"cu"5/F"tgvwtp"Þqy"kpfwegf"d{"vtgpej"
okitcvkqp"*Nqpi"cpf"Uknxgt."422:+0"Rgtjcru" vjg"
most notable exception is the Cascadia subduction 
¦qpg."yjgtg"c"vtgpej/rgtrgpfkewnct"rcvvgtp"jcu"
dggp"hqwpf"*Ewttkg"et al., 2004; Long and Silver, 
422:+0"Vtgpej/rgtrgpfkewnct"hcuv"fktgevkqpu"jcxg"
also been reported by other studies in Mexico 
using SKS phases. Soto et al." *422;+" hqwpf"
trench-perpendicular h" yjgtg" vjg" Tkxgtc" rncvg"
uwdfwevu" dgpgcvj" vjg" Lcnkueq" dnqem" *vjg" tgikqp"
dgvyggp"uvcvkqpu"ELKI"cpf"EQKI"kp"Hkiwtgu"3"cpf"
9" qh" vjku" uvwf{+0" Fcvc" htqo" vjg"Oguqcogtkecp"
Uwdfwevkqp"Gzrgtkogpv"*OCUG+"cttc{."c"nkpg"qh"322"
seismometers running north and starting just east 

Table 3. Averaged splitting parameters measured at each station.

Station Lat. Long. l jl hv jhv        N        Location
 (°N) (°E) (°) (°) (s) (s) Split Null

ECKI" 39027" /322049" 65" 32" 3052" 2082" 6" 3" Gn"Ec{ceq."Itq0
EEKI" 3804:" /;4036" 3:" 3:" 2082" 2047" 5" 2" Eqokvƒp."Ejku0
ELKI" 3;072" /327026" /3:" 35" 2092" 2062" 4" 5" Ejcognc."Lcn0
EOKI" 3902;" /;60::" 75" 32" 3082" 2072" 4" 8" Eqn0"Ewcwjvfioqe."Qcz0
EQKI" 3;03:" /32508;" 39" 43" 2097" 2062" 7" 4" Eqnkoc."Eqn0
CUIGa" 3;055" /;;03:" 5:" 77" 3042" 3047" 3" 2" Ekwfcf"Wpkxgtukvctkc."F0"H0
JWKI" 37099" /;8033" 72" 65" 3032" 2082" 3" 32" Jwcvwneq."Qcz0
NXKI" 3;094" /;8064" 67" 9" 3057" 2067" 6" 2" Nciwpc"Xgtfg."Xgt0
OQKI" 3;08:" /32303;" 93" 7" 3022" 2042" 6" 5" Oqtgnkc."Okej0
QZKI" 3902:" /;8094" 4:" 8" 20;2" 2042" 33" 4" Qczcec."Qcz0
RNKI" 3:05;" /;;072" 79" 7" 3032" 2042" 3;" 5" Rncvcpknnq."Itq0
RPKI" 38062" /;:035" 45" 33" 2072" 2052" 5" 5" Rkpqvgrc"Pcekqpcn."Qcz0
RRKI" 3;029" /;:085" 56" 8" 30;2" 2057" 6" 2" Rqrqecvfirgvn."Vncocecu."Rwg0
UEKI" 3:0;9" /;303;" 22" /" /" /" 2" 4" Ucdcpew{."Ecor0
VGKI" 42045" /::04:" 83" 3;" 3062" 20;2" 3" 6" Vgrkej."S0"T0
VRKI" 3:064" /;9058" 54" 35" 3072" 2062" 4" 3" Vgjwceƒp."Rwg0
VWKI" 3:025" /;6064" 75" 6;" 3047" 3047" 3" 5" Vw¦cpffirgvn."Xgt0
[CKI" 3:0:8" /;;029" 92" 6" 3037" 2037" 7" 8" [cwvgrge."Oqt0
¥CKI" 44099" /324079" /83" 7" 20:7" 2032" 8" 7" ¥cecvgecu."¥ce0
¥KKI" 39083" /323069" /35" 35" 2082" 2042" 6" 2" ¥kjwcvcpglq."Itq0

Parameter l"ku"vjg"hcuv"rqnctk¦cvkqp"fktgevkqp"*ogcuwtgf"gcuv"qh"pqtvj+."hv is the delay time, and jl and 
jhv"ctg"vjg"3j"wpegtvckpvkgu0"Cxgtcigu"ygtg"ecnewncvgf"wukpi"vjg"uvcemkpi"ogvjqf"qh"Yqnhg"cpf"Uknxgt"
*3;;:+0"P"ku"vjg"pwodgt"qh"ogcuwtgogpvu"cxckncdng"hqt"cpcn{uku0"Vjg"cddtgxkcvkqpu"chvgt"vjg"nqecvkqpu"
stand for the names of Mexican states.
Vjg"uvcvkqp"ykvj"c"22"xcnwg"hqt"l"cpf"fcujgu"hqt"vjg"pgzv"vjtgg"eqnwopu"fqgu"pqv"gzjkdkv"urnkvvkpi"htqo"
cv"ngcuv"vyq"fkhhgtgpv"pqpqtvjqiqpcn"dcem"c¦kowvju"*l

b
+"cpf"ku"kpvgtrtgvgf"cu"jcxkpi"urnkvvkpi"dgnqy"vjg"

threshold of the data.
aData at station CUIG are noisy, a measurement is provided but it is poorly constrained.
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qh"ECKI"*Hkiwtg"3+."ujqy"cp"cxgtcig"h"qh"P63̇G"
hqt"uvcvkqpu"kp"vjg"hqtg/cte."yjkng"h"cxgtcigu"P:̇Y"
hqt"uvcvkqpu" kp" vjg"dcem/cte"*vjg"xqnecpke"cte" ku"
located at the southern edge of the Trans-Mexican 
Xqnecpke"Dgnv+"*Uvwdcknq"cpf"Fcxku."4229."4234c."
4234d=" Tqlq/Ictkdcnfk." 4234+0" Hctvjgt" gcuv."
ogcuwtgogpvu"htqo"vjg"Xgtcetw¦/Qczcec"*XGQZ+"
rtqÝng."c"nkpg"qh"68"ugkuoqogvgtu"twppkpi"pqtvj/
uqwvj" cetquu" vjg" Kuvjowu"qh" Vgjwcpvgrge" *lwuv"
yguv"qh"EOKI"kp"Hkiwtg"3+."tgxgcn"hcuv"fktgevkqpu"
eqpukuvgpv"ykvj"pgctd{"UUP"uvcvkqpu"VWKI."EOKI."
cpf"JWKI"*Dgtpcn/F‡c¦"et al.,"422:+0

Kp" qtfgt" vq" cnnqy" hqt" vjg" 5/F" tgvwtp" hnqy"
induced by trench migration observed at most 
uwdfwevkqp"¦qpgu."Nqpi"cpf"Uknxgt"*422:."422;+"
propose the existence of a thin decoupling zone 
dgvyggp" vjg" fqypiqkpi" uncd" cpf" vjg" uwduncd"
mantle. The decoupling zone may result from 
the entrainment of a thin layer of buoyant 
cuvjgpqurjgtg"yjkej"ku"rtqfwegf"vjtqwij"ujgct"
uvtckp"cpf"ujgct"jgcvkpi"*Rjkrru"Oqticp"et al., 
4229="Nqpi"cpf"Uknxgt."422:."422;+0"Kp"vjku"uvwf{."
jqygxgt."vjg"crrtqzkocvgn{"vtgpej/rgtrgpfkewnct"
fast directions observed beneath the Cocos plate 
in the Mexican states of Guerrero and Oaxaca, 
lwuv"nkmg"qdugtxcvkqpu"cv"Ecuecfkc"*Nqpi"cpf"Uknxgt."
422;+."uwiiguv"vjcv"vjg"vjkp"fgeqwrnkpi"¦qpg"fqgu"
pqv"gzkuv0"Vjgtghqtg."vjg"fqypiqkpi"uncd"cpf"uwd/
uncd"ocpvng"ctg"eqwrngf"cv"fgrvj."yjkej"tguwnvu"kp"
gpvtckpgf"Þqy0"Vjg"cig"qh"vjg"uwdfwevkpi"qegcpke"
Cocos plate at the MAT offshore Guerrero and 
Qczcec"ku"crrtqzkocvgn{"dgvyggp"34"cpf"38"O{t"

*Mcplqtumk."4225+0"Dqvj"Ecuecfkc"cpf"vjg"Okffng"
America Trench represent the most extreme 
examples of the subduction of young lithosphere. 
Eqpugswgpvn{."Nqpi"cpf"Uknxgt"*422;+"j{rqvjguk¦g"
that the amount of strain is not yet high enough 
for the shear mechanism to reach steady state 
and so decoupling has not yet occurred. Farther 
east along the MAT, in Nicaragua and Costa 
Rica, Abt et al."*4232+"kpvgtrtgv"vjgkt"cpkuqvtqr{"
measurements using teleseismic SKS and local 
S"rjcugu"cu"ocpvng"Þqy"rctcnngn" vq"vjg"vtgpej."
both beneath the subducted Cocos slab and in 
vjg"ocpvng"ygfig0" Vjg" cig" qh" vjg" nkvjqurjgtg"
uwdfwevkpi"cv"vjg"OCV"vjgtg"ku"dgvyggp"3:"cpf"
46"O{t"*Cdv"et al.,"422;+0

The trench-perpendicular fast directions found 
beneath the Cocos plate in Guerrero and Oaxaca in 
the present study stand in contrast to the trench-
parallel fast directions observed by Stubailo et al. 
*4234+"wukpi"Tc{ngkij"ycxgu0"Vjg{"qdvckpgf"rjcug"
xgnqekv{"ocru"hqt"ycxgu"qh"fkhhgtgpv"rgtkqfu"kp"vjg"
range from 16 to 100 s. Since phase velocities 
provide a depth-integrated image of the upper 
mantle, they inverted the phase velocity maps and 
fgvgtokpgf"c"5/F"oqfgn"hqt"ujgct"ycxg"xgnqekv{"
and anisotropy. Their model is parameterized 
into three layers: the continental crust, mantle 
nkvjqurjgtg."cpf"cuvjgpqurjgtg"fqyp"vq"c"fgrvj"qh"
200 km. Both the lithospheric and asthenospheric 
nc{gtu"ujqy"vtgpej/rctcnngn"hcuv"fktgevkqpu"kp"vjg"
hqtg/cte"ykvj" xcnwgu" tcpikpi" dgvyggp" 207" cpf"
4'"{"kp"cpkuqvtqr{0"Hctvjgt"yguv."eqkpekfgpv"ykvj"

Figure 7. " Ocr" ujqykpi"
vjg" tgncvkqpujkr" dgvyggp"
measurements made at the 
OCTU" uvcvkqpu" *Uqvq" et al., 
422;+" cpf" vjqug" htqo" UUP"
stations in the present study. 
The stations enclosed by 
dashed-line polygons are 
discussed in the main text. 
OCTU" uvcvkqp" eqfgu" ygtg"
shortened by dropping the 

OC/"rtgÝz0
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vjg" ncpfyctf"rtqlgevkqp"qh" vjg"Qtq¦eq"Htcevwtg"
Zone, the fast axes become trench-perpendicular. 
Stubailo et al."*4234+"kpvgtrtgv"vjgug"tguwnvu"cu"
vqtqkfcn" Þqy" kpvq" vjg"ocpvng"ygfig" eqokpi" kp"
htqo"vjg"vyq"gfigu"vjcv"nkokv"vjg"ugiogpv"qh"vjg"
Eqequ"uncd"nqecvgf"dgvyggp"vjg"QH¥"vq"vjg"gcuv"
cpf" vjg"Tkxgtc"uncd" vq" vjg"yguv0" Kh" vjg" vtgpej/
parallel fast directions observed by Stubailo et al. 
*4234+"kp"Iwgttgtq"cpf"Qczcec."yjgtg"vjg"uncd"
is subhorizontal, are interpreted as 3-D return 
Þqy"rtqfwegf"d{"vtgpej"tqnndcem."vjku"yqwnf"dg"
kpeqpukuvgpv"ykvj"qwt"kpvgtrtgvcvkqp"qh"gpvtckpgf"
Þqy0"Vjg"fgnc{"vkogu"ogcuwtgf"htqo"SKS splitting 
kp"vjku"tgikqp"tcpig"htqo"207"vq"30;"u0"Wukpi"vjg"
eqooqp"cuuworvkqp"vjcv"ujgct"ycxg"cpkuqvtqr{"
ku"6'"*Uknxgt"cpf"Ejcp."3;;3="Ucxcig."3;;;+."
a delay time of 1 s corresponds to an effective 
thickness for the anisotropic layer of 115 km. 
Therefore, the observed delay times translate 
kpvq" cpkuqvtqrke" nc{gt" vjkempguugu" dgvyggp" 82"
and 220 km. It is possible that the anisotropic 
regions sampled by the Rayleigh and SKS"ycxgu"
are different given that their paths are different. 
The sensitivity kernel for a period of 100 s peaks 
cv" c" fgrvj" qh" 362" mo" *Uvwdcknq" et al.," 4234+"
cpf" uq" Tc{ngkij"ycxgu" ucorng" vjg" nkvjqurjgtg"
preferentially. Thus, if the SKS anisotropic layer is 
rncegf"wpfgt"vjg"Tc{ngkij"ycxg"cpkuqvtqrke"nc{gt."
kv"yqwnf"uvctv"cv"c"fgrvj"qh"\372"mo0"Cfokvvgfn{."
vjg"xgtvkecn"tguqnwvkqp"hqt"ujgct"ycxg"urnkvvkpi"ku"
poor, but it is generally agreed that anisotropy 
tgukfgu"kp"vjg"ujcnnqy"rctv"qh"vjg"wrrgt"ocpvng"
*Uknxgt."3;;8="Ucxcig."3;;;+0"Kh"vjg"cpkuqvtqrke"
layer in the present study is placed too deep, 
jqygxgt."kv"yknn"pq"nqpigt"dg"kp"eqpvcev"ykvj"vjg"
uwdfwevgf"uncd"cpf"eqpugswgpvn{"gpvtckpgf"Þqy"
cannot be used to explain the observed anisotropy. 
C"rquukdng"yc{"vq"tguqnxg"vjku"fkuetgrcpe{"oc{"dg"
vq"ectt{"qwv"c"lqkpv"kpxgtukqp"qh"vjg"uwthceg"ycxg"
and SKS data. Anisotropy in this region has also 
been reported by other researchers. Song and 
Mko"*4234d+"hqwpf"vjcv"vjg"wrrgt"qegcpke"etwuv"qh"
vjg"uwdfwevkpi"Eqequ"uncd"ku"cp"wnvtcunqy/xgnqekv{"
nc{gt"*WUN+0"Kv" ku"5"vq"7"mo"vjkem"cpf" kv"ujqyu"
cpkuqvtqr{" nctigt" vjcp" 7'0" Cffkvkqpcnn{." Uqpi"
cpf"Mko"*4234c+"fkueqxgtgf"vjcv"vjg"vqroquv"4/8"
km of the Cocos subducted oceanic mantle is an 
cpkuqvtqrke"jkij/xgnqekv{"nkf"*JXN+0

The average ftłuft for stations in the fore-
cte" ykvj" vtgpej/rgtrgpfkewnct" h" ku" 3042ł2063"
u0"Vjg"vtgpej"okitcvkqp"*tgvtgcvkpi+"xgnqekv{"hqt"
vjku" ugiogpv" qh" vjg"OCV" ku" 43"oo1{t" *Jgwtgv"
cpf" Ncnngocpf." 4227+0" Nqpi" cpf"Uknxgt" *422:+"
proposed a relationship for average subslab ft 
as a function of trench migration velocity, mostly 
for trench-parallel h" *Ecuecfkc" ku" cp" gzegrvkqp"
dwv"kv"ku"cnuq"kpenwfgf+0"Vjg"xcnwgu"ikxgp"cdqxg"
plot in their Figure 2 close to the entry for the 
MAT in Nicaragua and Costa Rica but ft is smaller 
for Guerrero and Oaxaca, so they are roughly 
eqpukuvgpv"ykvj"vjg"vtgpf"qdugtxgf"d{"Nqpi"cpf"

Uknxgt"*422:+0"Ecnewncvkqp"ykvj"vjg"gswcvkqp"ikxgp"
in the caption to their Figure 2 predicts ft"?"2094"
s for the MAT in Guerrero and Oaxaca.

Mexican Subduction Zone East of 96°W 
Longitude

C"unkijv"*\47̇+"enqemykug"tqvcvkqp"qh"vjg"cpkuqvtqr{"
fast axes is observed for stations HUIG, CMIG, 
and TUIG relative to nearby stations PNIG, OXIG, 
cpf"VRKI"yjkej"ctg"nqecvgf"vq"vjg"yguv"*Hkiwtg"
3+0" Vjgug" fktgevkqpu" ctg" cnuq" eqpukuvgpv" ykvj"
preliminary SKS"tguwnvu"htqo"vjg"P/U"XGQZ"rtqÝng"
fgrnq{gf"lwuv"yguv"qh"EOKI"*Dgtpcn/F‡c¦"et al., 
422:+0"Wukpi"XGQZ"fcvc"cpf" nqecn"gctvjswcmgu"
ykvjkp" vjg"Eqequ" uncd." Ng„p/Uqvq"et al." *4233+"
found that the fast anisotropy axis is trench-
rgtrgpfkewnct" kp" vjg" ocpvng" ygfig0" Ugxgtcn"
changes in subduction zone morphology take 
rnceg"kp"vjku"ctgc<"*3+"Vjg"Okffng"Cogtkec"Vtgpej"
ocmgu"c"dgpf"uqwvjgcuv"qh"uvcvkqp"JWKI0"*4+"Vjg"
Tehuantepec Ridge intersects the MAT. The TR has 
long been recognized as a sharp contrast in the 
properties of the Cocos plate. The oceanic crust of 
the Guatemala Basin in the southeast is older and 
fggrgt"vjcp"vjg"tgikqp"pqtvjyguv"qh"vjg"VT="ugg"
Manea et al."*4227+"hqt"c"tgxkgy0"*5+"Vjg"eqcuvnkpg"
ku" hctvjgt"cyc{" htqo" vjg"OCV" vjcp" kp" vjg"ctgc"
nqecvgf"vq"vjg"yguv."yjkej"kornkgu"vjg"gzkuvgpeg"
qh"c"dtqcf"eqpvkpgpvcn"ujgnh0"*6+"Vjg"uwdfwevkpi"
Cocos plate is not subhorizontal anymore and 
fkru" cv" cp" cping" qh" \47̇" *Rctfq" cpf" Uwƒtg¦."
3;;7="Tqft‡iwg¦/Rfitg¦."4229="Ognict"cpf"Rfitg¦/
Campos, 2011; Kim et al.,"4233+0"Hwtvjgtoqtg."
recent results suggest the possibility of a tear in 
vjg"uncd"uqogyjgtg"kp"vjg"tgikqp"yjgtg"kv"ejcpigu"
htqo" uwdjqtk¦qpvcn" vq" c" fkr" qh" \47̇" *Rfitg¦/
Campos et al.," 4234+0"Vjg" tqvcvkqp"qh" vjg"SKS 
fast axes may be caused by the change in dip of 
the Cocos slab. Furthermore, this orientation may 
be transitional to the orientation of the fast axis 
cv"uvcvkqp"VGKI"kp"vjg"[wecvƒp"rgpkpuwnc."yjkej"
eqkpekfgu"ykvj"vjg"cduqnwvg"oqvkqp"qh"vjg"Pqtvj"
American plate.

Hctvjgt"gcuv"*Hkiwtg"3+."vjg"hcuv"czku"ku"qtkgpvgf"
PPG/UUY"cpf"jcu"c"ujqtv"fgnc{"vkog"*2082ł2047"
u+"cv"uvcvkqp"EEKI0"Vjku"fktgevkqp"citggu"ykvj"vjg"
TRO" dgvyggp"Eqequ" cpf"Pqtvj" Cogtkec" cpf" ku"
roughly trench-perpendicular. South of CCIG the 
j{rqegpvgtu" tgcej"fgrvju"qh"\397"mo"cpf" vjg"
Eqequ"uncd"uwdfwevu"oqtg"uvggrn{"*\67̇+"vjcp"kp"
vjg"tgikqp"vq"vjg"yguv"*Tqft‡iwg¦/Rfitg¦."4229+0"
Vjg"hcuv"fktgevkqp"oc{"dg"eqpukuvgpv"ykvj"eqtpgt"
Þqy"ykvjkp"vjg"ocpvng"ygfig0

Mexican Subduction Zone West of 101°W 
Longitude

C"hgy"uvcvkqpu"ctg"cxckncdng"cv"vjg"yguvgtp"gpf"qh"
the subducting Cocos plate and around the Rivera 
rncvg0" Dgvyggp" vjg"OCV" cpf" vjg" eqcuvnkpg." vjg"

sygtv{wkqrcufhijln d z¦SYGTV
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dqwpfct{"dgvyggp"vjg"Eqequ"cpf"Tkxgtc"rncvgu"ku"
eqpvkpwgf"d{"vjg"dcvj{ogvtke"hgcvwtg"mpqyp"cu"Gn"
Iqtfq"Itcdgp."yjkej"hwtvjgt"gzvgpfu"qp"ncpf"cu"
the N-S trending Colima rift. Additionally, Colima 
xqnecpq" ku" nqecvgf" ykvjkp" vjg" tkhv0" Vjg" Tkxgtc"
plate subducts more steeply than the adjacent 
Eqequ"uncd"*Rctfq"cpf"Uwƒtg¦."3;;7+"cpf"c"icr"
dgvyggp"vjg"vyq"ycu"kocigf"vqoqitcrjkecnn{"cv"
fgrvju"itgcvgt"vjcp"372"mo"*[cpi"et al.,"422;+0"
This gap is located under the rift. Delay times 
at stations CJIG, COIG, and ZIIG are short and 
tcpig" htqo" 2082" vq" 2097" u" *Hkiwtg" 3+0" Uqvq"et 
al." *422;+"rtgxkqwun{"wugf"fcvc" htqo"ELKI"cpf"
EQKI"vqigvjgt"ykvj"tgeqtfu"htqo"vjg"Ocrrkpi"vjg"
Tkxgtc"Uwdfwevkqp"¥qpg"*OCTU+"gzrgtkogpv0"Vjg"
rtgugpv"uvwf{"eqpewtu"ykvj"vjg"kpvgtrtgvcvkqp"qh"
Soto et al."*422;+0"Vjg"hcuv"fktgevkqp"cv"uvcvkqp"
ELKI."cpf"cnuq"cv"vjgkt"uvcvkqpu"OC59"cpf"OC77."
ujqyu"vjcv"vjg"uwduncd"ocpvng"dgpgcvj"vjg"hqtg/
cte"Þqyu"ctqwpf"vjg"yguvgtp"gfig"qh"vjg"Tkxgtc"
uncd"cu"vjg"uwdfwevgf"rncvg"tqnngf"dcem"*Hkiwtg"9+0"
The fast directions at COIG and stations MA01, 
OC36."OC3;."OC46."cpf"OC6:"*Uqvq"et al.,"422;+"
ykvjkp" vjg"Eqnkoc" tkhv" *Hkiwtg"9+"ctg" eqpukuvgpv"
ykvj"ocpvng"Þqy"vjtqwij"vjg"uncd"icr"dgvyggp"
vjg"Tkxgtc"cpf"Eqequ"rncvgu."cpf"rgtjcru"ykvj"
vjg" hcev" vjcv" Eqnkoc" xqnecpq" ku" nqecvgf"ykvjkp"
vjg"tkhv"*[cpi"et al.,"422;+0"Hgttctk"et al."*4223+"
documented rollback of the Rivera plate based 
qp"vjg"vtgpejyctf"okitcvkqp"qh"vjg"xqnecpke"htqpv"
cpf"hwtvjgt"rtqrqugf"cuvjgpqurjgtke"kpÝnvtcvkqp"
kpvq" vjg"ocpvng"ygfig" htqo" dqvj" vjg"yguvgtp"
and eastern edges of the subducted Rivera slab. 
Recent results of laboratory, analog models of the 
Rivera and Cocos slabs reveal complex patterns 
qh" vqtqkfcn" cpf" eqtpgt"Þqyu" kp" citggogpv"ykvj"
ugkuoke" cpkuqvtqr{" uvwfkgu" *Pgwocpp" et al., 
4234+0

The SKS fast axis at station ZIIG is oriented 
P35̇Y"cpf"nqqmu"engctn{"fkhhgtgpv"htqo"qdugtxcvkqpu"
vq"vjg"gcuv."yjgtg"vjg"hcuv"czku"ku"tqwijn{"rctcnngn"
vq" vjg" TRO" dgvyggp"Eqequ" cpf"Pqtvj" Cogtkec"
*Hkiwtg" 3+0" ¥KKI" ku" nqecvgf" pgct" vjg" rtqlgevgf"
extension of the Orozco Fracture Zone beneath 
the North American plate. The subducting Cocos 
rncvg" fkru"oqtg" uvggrn{"yguv" qh" vjg" rtqlgevgf"
QH¥" vjcp" vq" vjg" gcuv."yjgtg" vjg" uwdjqtk¦qpvcn"
uncd" ku" hqwpf" *Rctfq" cpf" Uwƒtg¦." 3;;7+0" Dqvj"
Stubailo et al."*4234+"cpf"Fqwijgtv{"et al."*4234+"
presented evidence for a tear in the Cocos slab 
underneath the projection of the OFZ. The SKS 
cpkuqvtqr{"rcvvgtp"cv"¥KKI"ku"eqpukuvgpv"ykvj"Þqy"
vjtqwij"vjg"icr"kp"dgvyggp"vjg"vyq"ugiogpvu"qh"
the torn slab. Furthermore, Stubailo et al."*4234+"
kpvgtrtgvgf"vjg"cpkuqvtqr{"kp"vjgkt"Tc{ngkij"ycxg"
fcvc"kp"vgtou"qh"vqtqkfcn"ocpvng"Þqy"ctqwpf"vjg"
uncd"gfigu"ftkxgp"d{"uncd"tqnndcem"*Hgttctk."4226+0"
The fast anisotropy axes in the region around 
¥KKI"htqo"uwthceg"ycxg"fcvc"ucornkpi"vjg"ocpvng"
lithosphere and asthenosphere are oriented 
unkijvn{"gcuv"qh"pqtvj"*Uvwdcknq"et al.,"4234+"cpf"

ctg"uqogyjcv"fkhhgtgpv"htqo"vjg"SKS data in the 
present study given that the fast axis at ZIIG is 
qtkgpvgf"unkijvn{"yguv"qh"pqtvj0

Fast Axes Oriented With the Absolute Plate 
Motion of North America

The absolute motion of the North American plate 
throughout southern Mexico is about 4 cm/yr 
cpf"ku"qtkgpvgf"kp"c"fktgevkqp"\P476̇G"ceeqtfkpi"
to model HS3-NUVEL1A in Gripp and Gordon 
*4224+="ugg"Hkiwtg"30"C"hgy"uvcvkqpu"*OQKI."[CKI."
cpf"RNKI+" kp"qt"pgct" vjg"VOXD"jcxg" vjgkt" hcuv"
fktgevkqpu"cnkipgf"ykvj"vjg"CRO"cpf"vjgkt"fgnc{"
times range from 1.00 to 1.15 s. Such a pattern 
can be explained as the rigid lithosphere moves 
cpf"eqpugswgpvn{"ftciu"vjg"cuvjgpqurjgtg"dgnqy"
*Uknxgt." 3;;8+0" Kv" ku" gzrgevgf" kp" tgikqpu"yjgtg"
other tectonic processes have not operated and 
ku"qdugtxgf"htgswgpvn{0"Vjg"cnkipogpv"qh"vjg"hcuv"
czgu"ykvj"vjg"CRO"cv"vjgug"uvcvkqpu"oc{"ukipcn"
a change in the tectonic regime as one moves 
cyc{" htqo" vjg"OCV0" Uqvq et al." *422;+" hqwpf"
vjg"hcuv"czgu" hqt"uvcvkqpu"ykvjkp"vjg"Eqnkoc"tkhv"
oriented ~N-S. Stations located just east of 
the Colima rift and south of the Chapala-Tula 
tkhv" *EVT+." jqygxgt." ujqy" hcuv" czgu" tqvcvgf" vq"
~NE-SW and ~ENE-WSW. Interestingly, the fast 
axes at the northernmost stations MA16, MA23, 
cpf"OC49."lwuv"uqwvj"qh"vjg"EVT."citgg"ykvj"vjg"
measurements at MOIG located at about the 
ucog"ncvkvwfg"dwv"\422"mo"hctvjgt"gcuv"*Hkiwtg"
9+."yjkej"okijv" uwiiguv" c" eqpukuvgpv" vtgpf" hqt"
uvcvkqpu"ykvjkp"vjg"VOXD"gcuv"qh"Eqnkoc"tkhv0

A single splitting measurement at CUIG 
*5:ł77̇."3042ł3047"u+"ku"rqqtn{"eqpuvtckpgf"dwv"
kvu" nctig" ;7'" eqpÝfgpeg" kpvgtxcn" ku" eqpukuvgpv"
ykvj"pgctd{"uvcvkqpu"kp"vjg"pqtvjgtp"ugiogpv"qh"
vjg"OCUG"fgrnq{ogpv"yjgtg"vjg"hcuv"fktgevkqp"ku"
qtkgpvgf" unkijvn{"yguv" qh" pqtvj" *Tqlq/Ictkdcnfk."
4234+0"Uvcvkqp"VGKI"ycu"kpuvcnngf"kp"vjg"[wecvƒp"
peninsula and is found in an entirely different 
vgevqpke"ugvvkpi0"Vjg"hcuv"czku"jgtg"citggu"ykvj"
vjg"CRO"qh"Pqtvj"Cogtkec"cpf"ku"eqpukuvgpv"ykvj"
kvu"nqecvkqp"cyc{"htqo"ewttgpv"rncvg"dqwpfctkgu0

Station ZAIG in the Mesa Central

ZAIG is the northernmost station in the present 
uvwf{"*Hkiwtg"3+0"Vjg"UUP"eqxgtcig"kp"vjku"rctv"
qh"vjg"eqwpvt{"ku"urctug"ukpeg"kv"ku"hct"cyc{"htqo"
the seismogenic plate boundaries. The fast axis 
is oriented WNW-ESE and is clearly different 
from that observed in any of the other stations 
cpcn{¦gf0"Vjg"uvcvkqp"ku"nqecvgf"ykvjkp"vjg"Oguc"
Egpvtcn." yjkej" ku" cp" gngxcvgf" rncvgcw" cpf" ku"
recognized as a morphotectonic province. It is 
dqwpfgf"vq"vjg"uqwvj"d{"vjg"VOXD."vq"vjg"yguv"
by the Sierra Madre Occidental, and to the north 
cpf"gcuv"d{" vjg"Ukgttc"Ocftg"Qtkgpvcn" *UOQt+."
yjkej" ugrctcvgu" kv" htqo" vjg" Gcuvgtp" Ogzkecp"
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Dcukp" cpf"Tcpig" hctvjgt" pqtvj" *Ugfnqem"et al., 
3;;5+0"Vjg"Oguc"Egpvtcn"ycu"wpfgt"eqortguukqp"
fwtkpi"vjg"Nctcokfg"qtqigp{"yjkej"etgcvgf"vjg"
UOQt"vq"vjg"gcuv"*Pkgvq/Ucocpkgiq"et al.,"4227+0"
Kv" ycu" uwdugswgpvn{" uwdlgevgf" vq" gzvgpukqp."
likely related to the Basin and Range. The main 
episodes of extension occurred during the Eocene, 
oriented NE-SW; and during the Oligocene, 
ykvj" rtgfqokpcpv" gzvgpukqp" qh"\42'"qtkgpvgf"
G/Y"rnwu"\32'"gzvgpukqp"qtkgpvgf"P/U"*Pkgvq/
Samaniego et al.," 4227+0" Pgkvjgt" vjg" grkuqfgu"
of compression nor extension can explain the 
orientation of h. The fast axis is predicted to align 
parallel to transpressional structures, and parallel 
vq"vjg"gzvgpukqp"fktgevkqp"*Uknxgt."3;;8+0"Vjg"CRO"
of North America cannot explain the orientation 
of h" gkvjgt" *Hkiwtg" 3+0" Kv" ujqwnf" dg"ogpvkqpgf"
that in the Western Mexican Basin and Range the 
direction of h"ku"eqpukuvgpv"ykvj"dqvj"vjg"ewttgpv"
CRO"qh"Pqtvj"Cogtkec"cpf"ykvj"gzvgpukqp"fwtkpi"
vjg"Okqegpg"*Qdtgdumk"et al., 2006; van Benthem 
et al.," 422:+0" Eqorctkuqp" ykvj" vjg" Tc{ngkij"
ycxg"oqfgn"qh"Uvwdcknq"et al."*4234+"ujqyu"vjcv"
¥CKI"ku"nqecvgf"kp"vjgkt"nqy"tguqnwvkqp"ctgc0"Kv"ku"
nonetheless interesting that the fast direction in 
vjgkt"oqfgn"cv"rgtkqfu"htqo"66"vq":7"u"citggu"ykvj"
the fast direction observed in the present study.

Another possibility for explaining the anisotropy 
at ZAIG is to look at the evolution of the 
subducted slab in the mantle. The P"ycxg"xgnqekv{"
tomographic model of Yang et al." *422;+" ecp"
kocig"vjg"uwdfwevgf"Tkxgtc"rncvg"fqyp"vq"fgrvju"
of ~350 km. They speculate that the leading edge 
of the slab may have detached from the upper 
portion and might be found at greater depths. 
Nkmgykug." vjg" cflcegpv" Eqequ" uncd" vq" vjg" gcuv"
ecp"dg"hqnnqygf"cu"c"eqpvkpwqwu"hgcvwtg"htqo"vjg"
uwthceg"fqyp"vq"c"fgrvj"qh"\622"mo."yjkej"ku"vjg"
nqygt" nkokv"qh" vjgkt"oqfgn0"Vjg"S"ycxg"xgnqekv{"
tomographic model of van der Lee and Nolet 
*3;;9c."3;;9d+"kocigu"vjg"dtqmgp"cpf"uwdfwevgf"
Hctcnnqp"rncvg"kp"vjg"wrrgt"ocpvng0"Vjg"uncd"ujqyu"
tqwijn{"c"YPY/GUG"vtgpf."yjkej"citggu"ykvj"vjg"
fast anisotropy axis at ZAIG. The southernmost 
extent of the Farallon slab at a depth of ~350 km 
is located underneath station ZAIG. Being at such 
c"itgcv"fgrvj"kv"ku"wpengct."jqygxgt."jqy"vjg"uncd"
might control the anisotropy observed at ZAIG. On 
the other hand, the P"ycxg"xgnqekv{"vqoqitcrj{"
qh"Iqtdcvqx"cpf"Hwmcq"*4227+"ujqyu"vjg"Hctcnnqp"
slab under ZAIG at a depth of ~400 km, but it 
trends roughly E-W.

Conclusions

The fast anisotropy polarization directions for 
uvcvkqpu"nqecvgf"yjgtg"vjg"Eqequ"rncvg"uwdfwevu"
subhorizontally, beneath Guerrero and Oaxaca 
uvcvgu." ctg" qtkgpvgf" ykvj" vjg" tgncvkxg"oqvkqp"
dgvyggp" vjg" Eqequ" cpf"Pqtvj" Cogtkecp" rncvgu"
and are perpendicular to the Middle America 

Vtgpej0"Vjku"qdugtxcvkqp"ku"eqpukuvgpv"ykvj"uwduncd"
gpvtckpgf"Þqy"kp"c"tgikog"qh"v{rg/C"qnkxkpg0"Vjg"
situation is similar to that reported in Cascadia, 
except that the slab is not subhorizontal. At most 
uwdfwevkqp" ¦qpgu" ctqwpf" vjg" yqtnf." jqygxgt."h" ku" vtgpej/rctcnngn." yjkej"oc{" dg" ecwugf" d{"
a thin asthenospheric layer that decouples the 
fqypiqkpi" uncd" htqo" vjg" uwduncd"ocpvng" cpf"
cnnqyu"Þqy"vq"dg"ftkxgp"d{"vtgpej"okitcvkqp0"Ikxgp"
the young age of the lithosphere being subducted, 
both in Mexico and in Cascadia, the decoupling 
layer may be absent. The fast directions observed 
around the edges of the Rivera slab, and near the 
projection of the Orozco Fracture Zone under the 
eqpvkpgpv."ctg"eqpukuvgpv"ykvj"ocpvng"Þqy"ctqwpf"
vjg"gfigu"qh"vjg"vqtp"uncdu0"Hwtvjgtoqtg."vjku"Þqy"
is driven by slab rollback. Stations located east 
qh"vjg"uwdjqtk¦qpvcn"uncd."yjgtg"vjg"uwdfwevkpi"
rncvg" uvctvu" vq" kpetgcug" kvu" fkr." ujqy" c" unkijv"
enqemykug" tqvcvkqp"qh" vjgkt" hcuv" czgu" tgncvkxg" vq"
pgctd{"uvcvkqpu"nqecvgf"vq"vjg"yguv0"C"hgy"uvcvkqpu"
kp"qt"pgct" vjg"VOXD."cpf"cyc{" htqo" vjg"rncvg"
dqwpfctkgu."ujqy"hcuv"fktgevkqpu"eqpukuvgpv"ykvj"
cuvjgpqurjgtke"Þqy"ftkxgp"d{"vjg"cduqnwvg"oqvkqp"
of the North American plate. The same is also true 
for one station in the Yucatán peninsula. Finally, 
the fast polarization direction for a single station 
ykvjkp"vjg"Oguc"Egpvtcn"ku"qtkgpvgf"YPY/GUG"cpf"
it is different from measurements at any of the 
other stations. Previous episodes of compression 
cpf" uwdugswgpv" gzvgpukqp" kp" vjg" tgikqp" hckn" vq"
account for this direction. The fast direction is 
cnuq"kpeqpukuvgpv"ykvj"vjg"CRO"qh"Pqtvj"Cogtkec0
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