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The January 22, 2003, Colima, Mexico Earthquake (Mw7.4)
Takeshi Mikumo

Abstract

A large earthquake (Mw7.4) occurred on January 22, 2003 off the Pacific coast of
the state of Colima, Mexico, which was felt strongly throughout the state and its
adjacent regions. The hypocenter was located near the suggested boundary between the
Rivera and Cocos plates both subducting beneath the North American plate, and close
to the southeastern rim of the source region of the 1995 Colima-Jalisco earthquake
(MwS8.0). From a centroid moment tensor (CMT) inversion of teleseismic waveforms,
the 2003 earthquake has been shown to have a thrust fault shallowly dipping toward
NNE. The ruptured source region estimated from the aftershock area with a radius of
about 30 km extended over part of the seismic gap left unbroken between the source
areas of the 1973 and 1995 previous large earthquakes, and overlapped the
southeastern part of the 1932 and 1995 source regions. The earthquake has been
recorded at various seismograph stations not only in Mexico but also worldwide. The
maximum ground acceleration recorded at hard sites during this earthquake exceeded
100 gals in the epicentral region, and was 2 - 3 gals at inland stations 800 km away
from the epicenter. The seismic intensity in the cities of Colima and Tecoman was
reported to be VIII on the modified Mercali scale. The state of Colima and the
adjacent states suffered extensive damage, including 15,000 damaged houses which
were mostly unreinforced masonry and brick structures. Landslides and liquefactions
were also reported near the epicentral region and along the coast.
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Table 1 Source parameters of the January 22, 2003, Colima, Mexico earthquake.
Source Origin Time | Latitude | Longitude | Depth, km | Magnitude | Mo, Nm | Strike | Dip | Rake
RESCO' 02:06:33.8 18.625 -104.125 10 - - - — -
SSN? 02:06:34.6 18.60 -104.22 93 Me7.6° - - - -
NEIC/USGS® |02:06:34 18.84 -103.82 24.0 Mw7.8 6.1x10%° | 269° | 8° | 50°
cMmT! 02:06:47.3 18.77 -103.89 32.6 Mw7.4 1.6x10%° 305° 17° | 103°
Yagi® - 18.625 | -104.125 20.0 Mw7.4 1.45x10% | 300° |20° | 93°

1 RESCO: Red Sismica de Colima, operated by University of Colima.

2 SSN: Sevicio Sismologico Nacional, operated by the Instituto de Geofisica, UNAM.

3 Preliminary NEIC/USGS location.
4 Harvard CMT solution.

5 From inversion of teleseismic body waves. The epicenter reported by RESCO was used in the inversion.

6 Me is based on radiated seismic energy estimated from seismograms at CUIG (Singh and Pacheco, 1994). It is tied to

Mw.
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Fig. 1

Tectonic map of the Mexican subduction zone located off the Pacific coast of Mexico (modified

from Kostoglodov and Pacheco, 1999 ). The zone is characterized by the oceanic Cocos and Rivera
plates subducting beneath the continental North American plate. Arrows indicate the direction and
rates of plate convergence. MAT; Middle America Trench, EPR; East Pacific Rise, F.Z.; Fault zones
located beneath the ocean bottom. EGG; El Gordo Graben, SCR; Southern Colima Rift. Elliptical-
shaped zones indicate the source regions of past, large subduction earthquakes in this zone.
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Fig. 2 Velocity seismograms (vertical component) recorded at some of the broadband seismograph
stations operated by SSN, during the January 22, 2003, Colima, Mexico earthquake. The recoded
times are 600 sec from the origin time of the earthquake (Servicio Sismologico Nacional, UNAM,

2003).
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Fig. 3 Accelerograms recorded at COIG station near the city of Colima, recorded during the 2003 Colima
earthquake. The station failed recording after 10 - 12 s. The maximum acceleration Amax on the
NS, EW and Z components are 48, 71, and 72 gals, respectively (Singh et al., 2003).
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Table 2 Peak accelerations on hard sites recorded during the Colima earthquake (Singh et al.,, 2003).

Station | Hypocentral Amax, gal

Code |Distance, km| NS EwW Z
COIG' 80 >47.8"  >70.5" >72.1°
CJIG' 138 38.8 16.2 15.9
CALE’ 159 28.1 27.8 14.7
VILE? 216 10.4 11.1 6.8
UNIO? 256 12.3 8.2 8.9
ZIG' 312 5.4 5.4 3.7
PET2? 333 3.7 3.6 3.7
CoYQ’ 353 49 3.4 3.7
CAIG' 453 1.4 1.5 1.2
ZAIG! 486 1.6 2.0 2.6
PLIG' 489 7.8 3.4 4.0
ACAJ 498 2.0 1.5 1.3
CUER’ 520 6.9 3.2 4.6
CNIG' 537 4.6 43 2.7
CUIG! 537 42 42 2.0
YAIG' 544 3.2 22 2.1
ESTS® 545 2.0 2.0 1.3
MAIG' 560 0.65 0.41 0.39
TPIG' 723 4.2 23 3.0
PNIG' 783 0.99 0.41 0.97
OXIG' 810 3.6 23 2.0
CMIG' 1002 1.2 0.42 0.62
CCIG' 1307 0.64 0.37 0.44

'Station operated by SSN

*GAA station operated by Instituto de Ingenieria, UNAM and University of Nevada, Reno

*Station operated by CENAPRED

*Peak value during P-wave group, hence a lower bound
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Fig. 4 Horizontal peak acceleration, Amax, as a
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Fig. 5 Isoseismal map shown by modified Mercali scales at the time of the 2003 Colima earthquake (Singh

et al., 2003).
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Fig. 6 Locations and focal mechanisms of the 2003 Colima earthquake (M) and two largest afershocks
(A1l and A2). A large circle indicates the approximate aftershock area (with a radius of about 30
km), estimated from aftershock locations by RESCO, University of Colima. For comparison, 1995
M, 1995F and 1995A show the locations and focal mechanisms of the October 10, 1995 Colima-
Jalisco earthquake (Mw8.0) and its foreshock and largest aftershock, respectively (modified from

Singh et al.,, 2003).
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