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Sismos que ...

Temblor de Victoria (Mag 6.1) Enjambre de Cerro Prieto de Sismo del Mayor-Cucapah
9 de junio de 1980 2008 (Mag 7.2)
(5 sismos, 5.1 Mag 5.5) 4 de abril de 2010
> Inicio de la captura y procesamiento 5 ) o
de las sefiales digitales. an el apoyo ob-tenldo de la iniciativa > Marca un parteaguas entre el
privada se da origen a la Red RESNOM de esas fechas y lo que ha
> Se registran las réplicas. Acelerométrica de Mexicali (RAUBC) yioq

crecido hasta el momento.
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»  Se obtiene apoyo por parte de
CONACyT y se da origen alared
Telemétrica RESNOR

»  Se obtiene apoyo de CONACyT via el
Gobierno de BC y, la USGS dona
instrumentos de Banda Ancha para 10
estaciones.
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» Se mejora RESNOM y se busca la
integracidn de las redes para formar
la RSC
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Registro del sismo Mayor — Cucapah
de magnitud 7.2, estacion Cerro Bola,
componente Este-Oeste.
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Primer jefe Departamento de Geofisica (1973 a 1975)

Investigador, profesor
Linea de Investigacion — Teoria de Rayos
Jefe Departamento Sismologia (1991-1994)

1974
Wiggings R. A. and J.
A Madrid (1974).
Body Wave
Amplitude

Calculations.
Geophys. J. R. Astr. Soc.
37,423-433

1976
Johnson, T. L., Madrid Gonzélez, J. A,,
& Méndez Olague, R. (1976). A study
of microseismicity in northern Baja
California. Mexico. Bulletin of the
Seismological Society of America,
66(6), 1921-1929. (ID: 1853)

Digitsl Seismology and Fine Modeling ofthe Lithosphere pp 323-337 | Cite as

A Simple Linearized Method for Inversion of Travel Time Data in Two-
Dimensional Heterogeneous Media

Authors Authors and affiliations

JLA Madrid

Chapter
B 61

Downloads

Part of the Ettore Majorans International Science Series book series (EMISS)

Abstract

The broad complexity of geological situations in regions of economical or geotechnical interest requires the
development and implementation of numerical and computational techniques that allow to handle many, if not all,
these situations adequately. The analysis of data may be carried by solving either the direct or the nverse problem, or
both.

Keywords

Travel Time Initial Model Inversion Procedure Seismic Array Triangular Region

These keywords were added by machine snd not by the suthors. This process is experimental snd the keywords may be updated as the leaming

algorithm improves.

This is a preview of subscription content, log in to check access.
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Unable to display previen. Download preview POF.




Profesor (1973 — 2013).

Investigador (1975 - 2016)

Linea de Investigacion — Ingenieria aplicada a la sismologia
Jefe de Departamento de Geofisica (1975 -1978)

Jefe de RESNOR

Lider del grupo Estudios Especiales

Lider del grupo de Ingenieria Sismica

1975
Reyes Zamora, C. A,,
Brune, J. N., Madrid
Gonzélez, J. A.,
Rebollar Bustamante,
C. J., Munguia Orozco
L., Barker, T., &
Canales, L. (1975). A
microearthquake
survey of the San
Miguel fault zone, Baja
California, Mexico.
Geophysical Research
Letters, 2(2), 173-176.
(ID: 6075)

Jim Brune, sismologia, Scripps, y Alfonso Reyes, CICESE, sismologia, jefe de geofisica

1978
Reyes Zamora, C. A,
Gonzalez Garcia, J. J.,
Munguia Orozco, L., Nava
Pichardo, F. A., Vernon, F. L.
y Brune, J. N.
(1978). Locations of
aftershocks of the Oaxaca
earthquake using smoked
paper recorders and digital
event recorders. Geofisica
Internacional. 17(3): 341-349
p. (ID: 4664)

2011
Reyes Zamora, C. A., Sanchez
Rodriguez, J. C. y Nufiez Leal,
M. A. (2011). Sistema de
informacién en tiempo real de
la respuesta sismica del edificio
PCC-I, del STC-Metro. Reporte
técnico no. 1. d p. (ID: 15404)



https://www.cicese.edu.mx/investigacion/personal_academico/234

Se presenta a CFE el proyecto “Desarrollo de metodologias para la
exploracion del campo geotérmico de Cerro Prieto usando métodos pasivos

de microsismicidad”.

Con lo cual se crea la Red de Cerro Prieto (RESCEP) «1977-1983»

1980
Albores Ledn, A.,
Reyes Zamora, C. A.,
Brune, J. N., Gonzdlez
Garcia, J. J., Mendoza
Garcilazo, L. H., &
Sudrez Vidal, F. (1980).
Seismicity studies in
the region of the Cerro
Prieto Geothermal
Field. Geothermics, 9,
65-77.(ID: 6569
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Desarrollo de la Telemetria y estacion sismica digital

TreL |

Desarrollo del Software para recepcion de datos sismicos

MUPPET: PROGRAMA DE APOYO PARA

EL PROCESAMIENTO DE DATOS DE RESNOR
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Departamento do Hismologia
% ‘% @W gm Proyecto instrumentacion de edificio PCC

Lider de Grupo de Ingenieria Sismica — Instrumentacion
del edificio del Puesto Central de Control del Metro
“Edificio Bernardo Quintana”, en la Cd. De México.

Fundacion ICA

Lider de Grupo de Estudios Especiales- Se consolida el
proyecto en Cd. de México con Fundacién ICA, se

instalan 30 acelerdgrafos.
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Luis H. Mendoza Garcilazo
José G. Acosta Chang
Carlos I. Huerta Lopez
Fernando Favela Vara
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Personal técnico que le apoyé
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Josefina Rodriguez Jacobo
Guillermo Diaz de Cossio B.
Ernesto Rocha Guerrero t
Humberto Delgadillo Herndndez
César Ballesteros Borbolla
Guillermo Reyes del Angel
Barbara Uribe Martinez
Edith Fernandez Sinohue
Julia Sdnchez-Rodriguez
Diana Leticia Fong Mata
Hiroshi Natsu Cardenas
Alejandra Nufiez Leal

Proyecto
“Instrumentacion de Puesto Central de Control del Metro (PCC)”
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Article | Full-text available

Depth of the Moho in northern Baja California using (Pg-Pn) travel times

December 1999 - Geofisica Internacional 40(1)

Crottte Rebollar DBastamante T Souce ooas

. . . Luis M. Reyes - Cecilio J. Rebollar ‘ Radl R. Castro
. Primer Maestro en Ciencia (4 de mayo de 1977)

. Investigador, Profesor F L e i

° Jefe de RESNOR ‘M s C"‘,_\“' L‘!‘ £ “"h“l::-:‘:"::'l_& Overview Stats Comments Citations (7) References (8) Related research (10+)
ettt T PO 1O Ryl v

*  Fundador de RESBAN Rt bl s <ix i ST

G Tonan ebmin fare s
Prosadoits

m - Inedal Lasedd
Rebollar Bustamante, C. J. 5 L R
(1990). Estimates of
shallow attenuation of the
San Miguel Fault, Baja

Abstract and figures

Mean Moho depths along the axis of the Peninsular Ranges in northern Baja California are obtained from
refracted waves of events in northern Baja California recorded on an array of 9 breadband seismic stations
California. Bulletin of the across the northern Baja California Peninsula at about latitude 31°M. We used 35 events located with
Seismological Society of RESNOM (Red Sismica del Moroeste de Méxice) and RANM (Red de Acelerdgrafos del Norceste de

México) local data. Focal depths range from 3 to 15 km and magnitudes from 2.1 to 3.9. A 1-D velocity
America, 80(3), 743-746. model (Nava and Brune, 1982) was used to calculate theoretical travel times of Pg and Pn for different
(lDI 2369 2001 Maoho depths. The differences between observed and theoretical (Pg-Pn) travel times was minimized in an

iterative process in order to find the most likely Moho depth along the axis of the Peninsular Ranges
Rebollar BUStamante; C. J-; between latitudes 31.3° and 31.7°N. It was found that the average Moho depth is approximately 423 km in
Quintanar Robles, |_.' the western Peninsular Ranges, diminishing to 3123 toward the west along the Pacific Ocean and to 203
km toward the Gulf of California.

Castro Escamilla, R. R., Day,
S. M., Madrid Gonzalez, J. - 3 = o= = 2 = Askendan il @ @090 |
A., Brune, J. N., Astiz, L., & IE=E= ' i e e
Vernon, F. L. (2001). Source [ — A
characteristics of a 5.5
magnitude earthquake that
occurred in the transform
fault system of the Delfin e ey
Basin in the Gulf of California.
Bulletin of the Seismological
Society of America, 91(4), 781-
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Figure content uploaded by Raul R. Castro  Author content

Personal técnico que le apoyd

a Antonio Mendoza Camberos

Content may be subject to copyright.

O  Arturo Pérez Vertti Ramirez 791. (ID: 3004)
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Geophysical Research Letters

r5c
* Jefe de Departamento de Sismologia (1983-1991).
- Lider de RANM 1986 AR
1991 september 19, 19885 Michoacan e Gt i & e teat s SIS oL G o I 16 JFGRHR GF oot Fegioral Bt~
(1991). Local strong motion instruments. Geophysical Sois OE SEONE e
for earthquakes in
California, Mexico.
of America, 81(6),

= |nvestigador, Profesor (1979 — a la fecha).
, . . . , . o P ope s Aftershocks of the 8 July, 1975 Canal de las Ballenas, Gulf of California,
= Linea de Investigacidn — Riesgo Sismico: atenuacion, respuesta de sitio y zonificacion Earthquake
= Director de la Divisién Ciencia de la Tierra (19
. Jefe de RESNOR
3 . . AM; = 6.5 ear thq\nk( )f(ll” ed on 8 July, 1975 In the northern part of the Gulf of California. The calculated
Munguia Orozco, L., Simila, G. W., Mcnally, 2= 1074 dyne.cm. This event occurred n a reglon of partcula interest snce the positon of
K. C., & Thompson, H. (1986). The S g e S A 0k N e o R Tl e e
Vidal Villegas, J. A., & earthquake: aftershock ac.:celeratl'on data
Munguia Orozco, L. recorder by a temporary installation of
in the Mexicali—Imperial Valley region
magnitude and Research Letters, 13(6), 581-584. (ID: 4668
source parameters
the peninsular
ranges of Baja
Bulletin of the
Seismological Society
2254-2267. (ID:
2366)

Personal técnico que le apoyd

U Tito Valdez
U Miguel Navarro = ‘
O Manuel Luna ; s s — 15
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WDigpartamento do Dlsmologia

i, Javier Gongiley Garcia

. Investigador, Profesor

=  Linea de Investigacion — Sismicidad, sismotectdnica y sismologia computacional

. Jefe de RESNOM

1977

refraccidon de una zona de

Gonzdlez Garcia, J. J., & Flores Luna, C.
F. (1977). Evidencia sismica de

esparcimiento en la boca del Golfo de
California. Anales del Instituto de
Geofisica, 22-23,117-129. (ID: 5135)

1990
Gonzalez Garcia, J. J.
(1990). La falla imperial
en el Valle de Mexicali.
Revista de Ingenieria
Sismica, (40), 35-46.
(ID: 6571)

2019
Robles Avalos, J. C., Gonzalez Ortega, J.
A.(***), Gonzalez Garcia, J. J.(*) y Vidal
Villegas, J. A.(***) (2019). Coseismic
displacements and Mw estimation of the
El Mayor-Cucapah earthquake, Mexico,
from GPS source spectra. Geofisica
Internacional. 58(2): 169-178 p. doi:DOI:
http://dx.doi.org/10.22201/igeof.001671
69p.2018.58.2.1968 (ID: 23828)

Geophysical Research Letters

Solid Earth | (1 Free Access
Guadalupe Island, Mexico as a new constraint for Pacific plate motion

J.). Gonzalez-Garcia, L. Prawirodirdjo, Y. Bock i, D. Agnew
First published: 30 August 2003 | https://doi.org/10.1029/20036L017732 | Citations: 13

i SECTIONS

Tooor A Tools < cHaRE

Abstract

[1]We use GPS data collected on Isla de Guadalupe and in northern Baja California, Mexico, to estimate site
velocities relative to Pacific plate motion. The velocities of all three geodetic monuments on Guadalupe fit 2
rigid Pacific plate model with residuals of 1 mm/yr. Using the Guadalupe data and data from five IGS stations
on the Pacific plate (CHAT, KOKE, KW]1, MKEA, and THTI) we estimate an angular velocity for this plate that is
consistent with other recently-published estimates. Our results indicate that Isla de Guadalupe lies on the
Pacffic plate, and that GPS data collection on the island usefully constrains Pacific plate motion and rigidity.

1. Introduction

[2] Determining the motion and rigidity of the Pacific plate by geodetic means is difficult because most of the
plate lies under water. The most recent study of Pacific plate motion [Beavan et al., 2002] used data from 11
stations, most of them located in the central and western Padific. Unfortunately, stations on the California coast
and on the offshore islands are problematic because of possible tectonic activity in the continental crust.
However, Isla de Guadalupe, being on oceanic crust, can potentially provide an important additional constraint on
Pacific plate motion. As Morgan [1968] pointed out in the first paper on global plate motions: “If the distances
between Guadalupe Island, Wake Island, and Tahiti, all within the Pacific block, were measured to the nearest
centimeter and then measured again several years later, we suppose these distances would not change.” With the
Global Positioning System (GPS) we can now perform these measurements with even greater precision than in

Morgan's thought experiment.

10
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1991

* Luis Mendoza da inicio a su contribucidn con acciones de
prevencion de sismos (83 proyectos con financiamiento
externo).

* Apoyo a proyectos de forma colaborativa.
Investigador, Profesor .
Linea de Investigacion — Sismologia aplicada a la ingenieria
Lider de RAUBC

Dentro del Departamento de Sismologia se abre la linea de
investigacidon de “Respuesta Sismica en edificios”.

Jefe de RESNOM (2018 — a la fecha)

2015
Mendoza Garcilazo, L. H. (2015). Atlas de
Riesgos Naturales del Municipio de
Tijuana. Centro de Investigacion Cientifica y
de Educacion Superior de Ensenada. ISBN:
N/A. 1-117 p. (ID: 20308)

H. AYUNTAMIENTO DE TIIUANA

PROYECTO

7, RADILS 2

1991
Mendoza Garcilazo, L. H., Acosta

Chang, J. G., Huerta Lépez, C. I.,
Reyes Zamora, C. A., & Otero P.,
J. A. (1991). Mapa de periodos
dominantes de la vibracion
ambiental de los suelos blandos
del Valle de México. Revista de
Ingenieria Sismica, (43), 19-58.
(ID: 5788)

Japan International
Cooperation Agency

2018
Vidal Villegas, J. A., Munguia
Orozco, L., Gonzalez Ortega, J. A,
Nuiez Leal, M. A., Ramirez
Ramos, E. E., Mendoza
Garcilazo, L. H., Castro Escamilla,
R.R.y Wong Ortega, V. M.
(2018). The Northwest Mexico
Seismic Network: real time
seismic monitoring in northern
Baja California and northwestern
Sonora, Mexico. Seismological
Research Letters. 89(2A): 324-
337 p.
doi:10.1785/0220170183 (ID:
23131)
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Personal técnico y apoyo

Rogelio Reyes Serrano

Sergio Vazquez Hernandez
Orlando Granados Hernandez
Ignacio Méndez Figueroa
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WDpartaments do Hismologin 2001

Campos Enriquez, J. O.,

Chavez Garcia, F., Cruz
‘% W L%M % H., P., Acosta Chang, J.
G., Matsui, T., Arzate, J.

A., Unsworth, M.y
Ramos Lépez, J. I.
(2004). Shallow crustal
structure of Chicxulub

= Linea de investigacion — Estudios de fuente, efectos de sitio y atenuacion sismica impact crater imaged
with seismic, gravity and
magnetotelluric data:
inferences about the

. Investigador, Profesor

1991 central
Mendoza Garcilazo, L. H., uplift. Geophysical
Acosta Chang, J.G., Journal International.
Huerta Lépez, C. I., Reyes 157:515-525 p. (ID:
Zamora, C. A. y Otero P., 5722)
J.A. (1991). Mapa de
periodos dominantes de 2015
la vibracién ambiental de Ovando, E., Mussio, V.,
los suelos blandos del Rodriguez, M. y Acosta
Valle de México. Revista -
R Chang, J. G.
de Ingenieria Sismica. \ (2015). Evaluation of soil
(43): 19-58 p. (ID: 5788) ‘ : liquefaction from surface

analysis. Geofisica
Internacional. 54(1): 95-
109 p. (ID: 17226)

Personal técnico

=  Gustavo Arellano Zepeda
= Euclides Ruiz Cruz
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Sinse Douglers Frey Cairdenas

=  Investigador, Profesor

=  Linea de Investigacion - Sismicidad, sismotectonica y sismologia computacional

1989

Frez Cardenas, ). D. y
Gonzalez Garcia, J. J.
(1989). Sismicidad y
mecanismos focales en
el Valle Mexicali-
Imperial (1973-

1985). Geofisica
Internacional. 28(4):
643-691 p. (ID: 1723)

2000
Frez Cardenas, J. D., Alvarez, M.,
Gonzalez Garcia, J. J., Acosta Chang, J.
G., Nava Pichardo, F. A., Méndez
Figueroa, I., Carlos Villegas, J. y Garcia
Arthur, R. E. (2000). A detailed
microseismicity study and current
stress regime in the Peninsular ranges
of Northern Baja California, Mexico:
The Ojos Negros region. Bulletin of the
Seismological Society of America.
90(5): 1133-1142 p. (ID: 3183)

Jana Juracy Soares

. Jaime Carlos Villegas

u Guillermo Diaz de Cossio

Bulletin of the Seimdogical Society of America, Vol 100, No. 1, pp. 289297, Februsry 2010, doi: 10.175501 200901 3%

Source Rupture Plane Determination from Directivity Doppler Effect
for Small Earthquakes Recorded by Local Networks

by J. Frez, F. A. Nava, and J. Acosta

Abstract Fault plane solutions from first motion polarity of P-waves give two
nodal planes among which it is nol possible to distinguish the fauli plane from
the auxiliary ane. We found that, for earthquakes recorded by a dense local network,
it is possible to identify the mupture direction from the Doppler effect produced by
directivity. This principle was successfully applied, using three different simple tech-
niques (direct inspection and time and frequency domains analyses), to one M, 3.6
and six smaller (1.2 <M, <2.0) well-tecorded eanthquakes from northem Baja
Califoria, Mexico. The results indicate activity in fauls conjugate (o those currently

mapped in this region.

Introduction

Fault plane solutions determined by the sign of P-wave
phase arrivals, such as the example shown in Figure 1, define
two nodal planes, but it remains to detemmine which one is
the actual fault plane and then 1o identify the rupture direc-
tion in this plane.

To know the fault plane is quite important; a correct
identification is necessary to do a proper teclanic interpreta-
tion of hypacenter distributions.

Common methods 1o determine the fault plne are:

1. For the fault plane, choose the nodal plane that better fits
the orientation of the known local faults or of neaby
corthquakes for which the orientation is known.

. Search for slip along a surfice mpture in the feld.
Record and locate aftershocks, and use their spatial dis-
wibution 1o define the fault plane.

4. Model seismograms with synthetics o empirical Green's

functions

Although commonly used, method (1) is not justifiable
for the following reasons: A large part of the seismicity does
ot eccur along known faults; for example, the seismicity of
northern Baja Califomia (Fig. 2) shows that the epicenters
align in patterns not always following mapped faults; also,
a substantial portion of the epicenters are located in valleys
or hetween almost parallel fault segments; only a small part
of the seismicity is clearly comelated with mapped fault
traces (e.g.. Frez and Frias-Camacho, 1998). Additionally
there is evidence of eathquakes having rupture planes with
orientations that differ from those of nearby faults (e.g.. Hud-
mut er al., 1989; Nicholson ef al., 1986a, b). Hence, choos-
ing a fault plane on the basis of mapped fault traces may be
often wrong

Methods (2) and (3) are inappropriate for small earth-
quikes, those with M, < 3.7, say, which wsully have no

s

surface ruptur, are not recorded teleseismically, and either
do not have enough locatable aftershacks or the aftershock
area is too small to define a fault plane. Synthetic modeling
of local small earthquakes (¢.g.. Chen and Jordan, 2003) is
quite difficult because of the high frequencies fnvolved and
the way local structural features affect them. Using an ap-
proach different from that of Chen and Jordan (2003), several
authors (O'Neill and Healy, 1973; Boatwright, 1980, 1981

and 1984; Zollo and de Lorenzo, 2001; de Lorenzo and Zol-
lo. 2003, among others) directly compare pulse width
measurements with synthetics, almost always using a quasi-
dynamic source madel of a circular erack rupturing from the
center (e.g., Sato and Hirasawa, 1973: Madariaga, 1976:
Boatwright, 1980, 1984; Sato, 1994). Another approach is
the use of empirical Green's functions; here, rsults are
limited by the event magnitude, which must be large
enough in order that smaller events be appropriate Green's
functions (Mueller, 1985 Frankel er al, 1986; Mori and
Hartzell, 1990; Mori, 1996; Fletcher and Spudich, 1998;
Courboulex ef al., 1996; McGuire, 2004, among others).
I all these approaches, several source (and even structure)
parameters are 1o he determined which makes determining
the fault plane a difficult (and, possibly, overparameterized)
problem. Still another approach is 1o wse displacement, ve-
locity, or acceleration amplitules for determining the param-
eters of a finite source model: the earliest first motion
directivity functions for bady waves are given in Hirazawa
and Stauder (1965) and Savage (1965) and for surface waves
by Ben-Menahem, 1961). Recently, Boatwright (2007) de-
rived and applied an inversion procedure for rupture direc-
tion and rupture velogity, using residuals with respect to an
attenuation relation of bath peak ground acceleration and
selocity, cormcted for site effects: this procedure employs
a direetivity function similar to the one used here.

2016
Nava Pichardo, F. A., Quinteros Cartaya, C. B. M.,
Glowacka, E. y Frez Cardenas, J. D. (2016). A
Bayesian Assessment of Seismic Semi-periodicity
Forecasts. Pure and Applied Geophysics. 173(1): 197-
203 p. doi:10.1007/s00024-015-1056-3 (ID: 18242)



http://dx.doi.org/10.1007/s00024-015-1056-3

Investigador, profesor

Stolte, C., Mcnally, K. C., Gonzalez Ruiz, J. R., Simila, G. W,,
Reyes Zamora, C. A., Rebollar Bustamante, C. J., Munguia
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The Broadband Seismological Network
(RESBAN) of the Gulf of California, Mexico

by Raal R. Castro, Antonio Mendoza-Camberos, and Arturo Pérez-Vertti

ABSTRACT

The Red Sismolagica de Banda Ancha del Golfo de California
(RESBAN) is a regional broadband network that monitors the
scismic activity that occurs in the Gulf of California (GoC),
Mexico. This network is operated by Centro de Investigacion
Cientifica y de Educacién Superior de Ensenada, Baja Califor-
nia (CICESE) and at the present time consists of 17 stations
‘The first stations were installed in 1995 and between 2002 and
2008 addicional stacions, from Neowork of Autonomously
Recording Scismographs (NARS), were installed as part of
4 collaboration project (NARS-Baja array) among Utrecht
University, the California Instiute of Technology, and
CICESE. The Mexican National Seismological Service (SSN),
operated by the Universidad Nacional Autonoma de México
(UNAM), also installed new sations near the main cities in
the Baja California peninsula and Sonora. The database gen-
erated by these nerworks has permirred study of the seismorec-
tonics of the GaC in more detailed and to investigate the
velocity structure of this region. We present in chis arcicle a
description of the scismic network and a review of the main
resules that have been reporced using the data ser generared
with this regional permanent network.

INTRODUCTION

The Red Sismolégica de Banda Ancha del Golfo de California
(RESBAN) is a broadband seismological nerwork located in
the Gulf of California (GoC) region. This regional array
started operating autonomous stations in 1995 and comple-
mened the larger Neowork of Autonomously Recording Seis-
mographs (NARS)-Baja array ( Trampere ef af., 2003; Clayton
er al, 2004) that eperated in the GoC region between 2002
and 2008. Figure 1 shows the distribution of the stations of
these arrays. The typical instramentation of the RESBAN
stations consists of Giralp CMG-40T sensors, digital three-
channel recorders with Global Positioning System (GPS) for
time control, and 24-bit Giralp digitizers housed in conerete
shelters that provide protection from weather conditions
(Fig; 2). The NARS-Baja nerwork consisted of 19 broadband
seismic stations equipped with STS2 sensors, a passive data log-
ger, a GPS recciver, and a laptop with the dara acquisition and
timing systems (Trampert & af, 2003). This network consisted
of autonomously recording seismographs. Thus, the data had
t0 be rerrieved on site at least twice a year. Data from this array

338 Seismological Research Letters Volume 89, Number 2A

were stored by the Incorporated Research Instirutions for
Scismology Data Managemene Center and the Southern
California Earthquake Center at Caltech, The distribution
of the stations of these nerworks that surround the GoC
(Fig. 1) permits to constrain carthquake locations and the
faulting processes of this region.

‘The daca from these broadband nerworks also made it
possible for us to study che crust and upper-mancle structure
of the GoC region (Lopez-Pineda ef al., 2007; Persaud et al.,
2007; Zhang er al., 2007; Zhang, 2009) to constraint the seis-
micity {Castro, Pérez-Vertti, et al, 2011; Sumy et af., 2013)
and to learn about the dynamic processes of the mantle
through anisatrapy scudies (Obrebski et al, 2006, Obrebsky
and Castro, 2008; van Benthem e al,, 2008).

The NARS-Baja array was removed in November 2008,
leaving important instrumental gaps in the GoC region.
However, new stations from RESBAN were installed on the
NARS-Baja sites and the National Seismological Service
(SSN), operated by the Universidad Nacional Auténoma de
Meéxico (UNAM), also installed other new stations near the
cities of La Paz, Tijuana, and Mexicali, in the Baja California
peninsula and in Hermosillo, Sonora (Fig. 1). Two more
stations were also installed by the SSN in San Pedro Martir
(SPIG) and in Santa Rosalia (SRIG). At the present time, the
dara from the RESBAN stations BAHB, GUYB, and NES0 are
sent to the SSN in real time and retransmirted to Centro de

Investigacién Cientifica y de Educacion Superior de Ensenada,
Baja California (CICESE) wich the Earchworm Monitoring
System (Instrumental Sofeware Technologics Inc.). Since 2009,
the signals of these stations are reccived simultancously in the
SSN and in CICESE. The signals of the rest of the stations
encer inco che local Earthworm program via satellite or Internet
link,

We describe in this article resules obtained using chese daca
scts, reported on the scismotcctonics of the GoC region, on the
crust and upper-mantle structure and on the regional scismic
artenuation and anisotropy.

TECTONIC CONTEXT

When the Farallon subduction ceased beneath Baja California
at ~12 Ma, the GoC region underwent extension in the east-
northeast dircction. This basin-and-range type of extension,
together with dextral transform faulting, accommodated the
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Delayed Dynamic Triggered Seismicity in Northern Baja California,

Meéxico Caused by Large and Remote Earthquakes

by Raiil R. Castro, Héctor Gonzilez-Huizar, F. Ramén Zifiga,
Victor M. Wong, and Aaron A. Velasco

Abstract We analyze the seismicity in northern Baja California. Mexico, that
occurred one month before and one month after the 11 March 2011 (M, 9.1)
‘Tohoku-Oki, Japan, earthquake and for two other large and remote earthquakes, the
27 February 2010 central Chile (M., 8.8) earthquake and the 11 April 2012 northern
Sumatra earthquake (31, 8.6). The northern region of Baja California exhibits high

i ic activity and moderate-si ‘The seismicity in this region is
monitored by the seismic network Red Sismica del Noroeste de México (RESNOM)
operaed by the Centro de Investigacion Cientifica y de Educacion Superior de
Ensenada (CICESE). We use the RESNOM seismic catalog to search for changes in
local seismic rates that occurred after the passing of surface waves generated by the
three large earthquakes studied. When we compare one month of seismicity before
and after the M, 9.1 Japan earthquake. in the biggest of the three events analyzed, we
observe the ahsence of triggered seismicity in the northem Peninsular Ranges and an
increase of seismicity south of the Mexicali Valley, where the Imperial fault jumps
southwest and the Cerro Prieto fault continues south. We also observe an increase of
seismicity rate in the Cucapah fault and in the San Pedro Martir fault regions. The
Cucapah fault region. the most active of the three regions during the studied period.
shows an increase of seismicity several days after the 2010 Chile (M, 8.8) and the
2011 Japan (M, 9.1) earthquakes. This observation can be interpreted as evidence of
delayed seismicity and confirms the observation of Rubinstein eral. (2009) that earth-
quakes tend to be triggered in regions with high ambient seismicity rates. We observed
delayed triggering of earthquakes generated by two of the three remote earthquakes
analyzed. These observations can be explained by dynamic trigaering of prolonged.
fault creep as proposed by Shelly er al. (2011}

Online Material: Maps of selsmicity and M,
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Observaions of large carthquakes remotcly iriggering
smaller canhquakes huve been reporied since the 1992
M, 7.3 Landers, California, canthquake (Hill e al., 1993;
Anderson et al.. 1994; Bodin and Gomberg, 1994). Mon:

haku-OKki (M, 9.1) canthquuke generate large surface waves
that travel around the globe for several hours and may disturb
the state of siress near. fauls located far from the hy-
pocentral region. Gonziles-Huizar ef al. (2012) found evi-

recently, oher studies that
generated by lange carthyuakes can Urigger seismicity at lorge
007; Velasco e al., 2008: Gon-
. 2012; Van Der Elst and Brodsky, 2013

CGomberg and Sherrod, 2014). The iriggered seismicity can
oceur insanianeously during the passing of the seismic
waves (Hill and Prejean, 2007), but a significant increase of
! veral day afier the

passing of the waves (e.g., Pankow er al., 2004; Polliuz et al.,
2012). Mega-carthquakes such as the 11 March 2011 To-

dence of d ige associated lo the 2011
Tohoku-Oki earthquake. In particular, they detected small
carthquahes that occurrcd in the Gulf of California, Mexico,
during the pussing of the surface waves generated by that
megaquake. They also reported a seismic swarm, which in-
cluded an M, 522 carthquake that continued for two days
after the passing of the surface wanes.

In this article, we analyze the earthquake catalog from
the seismic network Red Sismica del Noroeste de México
(RESNOM) in northem Baja California, Mexico, for

1825

2001
Castro Escamilla, R. R., Mendoza
Garcilazo, L. H., Inzunza Romero, L.,
Rebollar Bustamante, C. J., Orozco
Ledn, L. R., Sdnchez Rodriguez, J. C.,
Galvez Valdez, J. O., Farfan Sanchez,
F.J., Méndez Figueroa, |. y Eaton
Montafio, R. (2001). Microtremor
observations from the seismic
network RESNOM of Baja California,
México. Bollettino di Geofisica
Teorica ed Applicata. 42(3-4): 245-
254 p. (ID: 6697)

Hullenin of the Selsmological Socery of America, Vol. 11, Na. &, pp. 3072 3080, Desessber 2001, dol: I0LI74801120110112

Short Note
Location of Aftershocks of the 4 April 2010 M., 7.2 El Mayor—Cucapah
Earthquake of Baja California, Mexico

by Rail R. Castro, José G. Acosta, Victor M. Wong, Arturo Pérez-Vertti,
Antonio Mendoza, and Luis Inzunza

Abstract A magnitude M,, 7.2 carthquake occurred on 4 April 2010 at approx-
imately 50 km southwest of the city of Mexicali, Baja California, Mexico. The

de icn Cientifica v de Edi

ional netwarks Red Sismica del Noroeste de México (RESNOM) that the Centro
Superior de Ensenada (CICESE) operates

and the Southern California Seismic Network {SCSN) located the main event between
the sierras El Mayor and Cucapah at the southeastern end of the Pescadores fault.
“Twenty-four hours after the origin time of the main event, a temporal seismic network
was installed sround the faults that ruptured during this event. We used body-wave
arrival times recorded by the first 14 stations installed to obtain precise hypocentral
Iocations of this important sequence of earthquakes. Most of the aftershocks located
on fi and 7 April are distributed near the traces of the Pescadores and Cucapah faolts,
particularly at the southern end of these faults. The spatial distribution of the epicen-
ters indicates that these faults and possibly others may extend southeast of Sierra
Cucapah where the faults were buried by sediments and were activated during the
seismic sequence. In this area, north of the Sierra El Mayor, where no faults were
previcusly mapped. the epicenters align in the norhwest-southeast direction.

Most hypocenters have depths |

s5 than 15 km, suggesting that an important portion

of the scismic slip was shallow. Based on the distribution of focal depths of the
aftershocks, we infer that the seismogenic zone must be between 5 and 10 km.

Online Material: Tables of station and aftershock lecations.

Introduction

El Mayor—Cucapsh cathquake of Bap California
My, 7.2) occurred neas the Laguna Salada rifit basin, ina
region where sheasing bewween the Nomh Ameiean and
the Pacific plates takes place {Floteher and Seplz, 2000}
Muost of the extension in that region is accommodated by
the Cafiada David detachment and the Laguna Salada fanlt,
which is an oblique high-angle nomakdexual faue tha
strikes mohwest (Flaeher and Seplz. 2009). Histical
canhquakes occurred in this fault system in 1892 (M, 7.0)
and 1934 (M 6.5; Hough and Elliow, 2004 ). However. ficld
work (Fletcher e al, 20000 indicates that the rupm
occurred on another two fault segments. one located o the
nowth of Laguna Salada, the Borego faul, and another w the
east, the Pescadores fault. The seismic sequence wiggered
By the 4 Aprl 2000 M, 7.2) canhguake oceusred on faulis
that do not secm w be pan of the Nonth America—Pacific
plate boundary. Hauksson et af. (20100 proposed thar E1
Mayor-Cucapah canhguake may have been controlled

by the bends in the plate boundary, similar to when the
1992 Landers and the 1999 Hecior Mine canhguakes
ocurred.

Twenty-four houss afier the main event occurred, 3 em-
poral seismic network was installed by the Centro de Tnves-
tigacin Ciemifica y de Educacién Superior de Ensenada
(CICESE) around the faults that suptured during the main
event. On6 April. the local network consisied of 14 recorders
Refiek RT130 with 3-component L-28 short period sensors
provided by the consortium Tneosporated Rescarch Instit-
tions for Seismology Program for Array Seismic Swdies of
the Cominental Lithosphere (IRIS-PASSCAL). Listing of
these siles is available as an clectronic supplement to this
paper (([E)Table $1). The aumber of staions ingalled in-
ercased afier 7 April and operated until 14 May 2000, The
distribution of the stations provided a very good azimathal
eoverage of the ruplure arca at short epicentsal distanees.
Thus, P- and $-wave asrival tmes from these local stations
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AN EARTHQUAKE-EXPLOSION REVERSED REFRACTION LINE IN
THE PENINSULAR RANGES OF SOUTHERN CALIFORNIA AND BAJA
CALIFORNIA NORTE

By F. ALEJANDRO Nava AND JaMEs N. BRUNE

ABSTRACT

An approximate reversed refraction profile has been obtained for the center
of the Peninsular Ranges of southern California and Baja California Norte using
arrival times from Corona blasts to obtain the NW-SE profile, and arrival times
from the welllocated Pino Solo earthquake of 17 July 1975 to obtain the
reversing SE-NW profile. The results indicate a relatively high-velocity crust,
with P velocities of 6.57 to 6.95 km/sec, similar to the high velocities found by
Hadley and Kanamori {1979). A crustal thickness of about 40 km was found for
the axis of the Peninsular Ranges, significantly greater than was found by Hadley
and Kanamaori (1972) for the average crustal thickness of the northern part of
the province. This suggests that the thick crust may be confined to a relatively
narrow zone along the axis of the province. The crustal thickness found here is
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appr 10 km less than found for the deeper crust of the Sierra Nevada
(Bateman and Eaton, 1967; Pakiser and Brune, 1980).

InTRODUCTION

One of the distinetive geologic provinces of southern California and Baja California
Norte is the Peninsular Range province (Gastil ef al, 1975). The province is
characterized by a batholithic crust of predominantly tonalite and granodioritic
composition. The Mesozoic batholiths are related to the subduction of the Farallon
plate (McKenzie and Morgan, 1969; Atwater, 1970} and are very similar to the
batholiths of the Sierra Nevada Province of California.

Only a few data are available on the crustal structure of the Peninsular Range
province, Shor (1955), using arrival times of reflections from a quarry blast near
Corona, California, estimated a crustal thickness of 32 km, with a mean velocity of
6.2 km/sec. Thatcher (1972) used arrival times at two stations in northern Baja
California Norte to determine a crustal model with a erustal velocity of 6.2 km/sec,
a mantle velocity of 8.00 km/sec, and a crustal thickness of 43 km. Kanamori and
Hadley (1975) used data from a Corona quarry blast to construct an average
southern California erustal velocity model with a mantle velocity of 7.8 km/sec.
Because of the limited number of recordings in these earlier studies, especially in
the F, range and because the profiles were not reversed, considerable uncertainty in
the crustal structure has remained.

In this siudy, we have increased the number of recordings from the Corona blast
site and measured travel times from the well-located Pino Solo earthquake of 17
July 1975 in northern Baja California to approximately reverse the profile.

DaTa

The Corona blasts considered here were recorded at permanent and temporary
stations in southern California and at temporary stations in northern Baja California
(Figure I). The portable station coordinates appear in Table 1, and the seismograms
appear in Figure 2, a and b. The arrival time data are presented in Tables 2 and 3,
Some of the data in these tables were taken from Thatcher (1872) and Kanamori
and Hadley (1975). The refraction line covered by these observations trends south-
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Abstract

The elastodynamics of a halfspace with a cylindrical hole belongs to a class of
problems which involve solving the elastic wave equation in a geometry that is
bounded by nonparallel surfaces. Integral transform techniques are not very
suitable for the solution of such problems because the transform approach yields
solutions in terms of wavefronts (or rays). For a nonparallel geometry one may need
a large collection of such terms and this may be an inconvenient description. So, we
have taken an approach to construct the eigenmodes (normal modes) for this
geometry for a given set of boundary conditions. A set of linearly independent
solutions, without any reference to sources or receivers, is developed and
completeness of this set is verified explicitly. Using this complete set of eigenmodes
the displacement field for any source problem in this geometry can be expressed

following standard mathematical procedures.
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