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M7.4 Oaxaca, Mexico Earthquake 

From IRIS Teachable Moments 



M7.4 Oaxaca, Mexico Earthquake 

March 20, 2012, Mexico City, Mexico - Workers inspect the damaged on 
the rail tracks of the subway caused by an 7.6 magnitude earthquake. 
Damaged in the structures and the tracks cause by the earthquake 
without victims have been reported by the authorities. 

(ZUMA24.com/Carlos Castillo) 

Fire!ghters work to remove a cement beam that fell from 
a pedestrian bridge onto a public bus after an 
earthquake"was felt in"Mexico City. There were no 
passengers in the mini-bus and the driver su#ered minor 
injuries, according to !re!ghters.  

(AP Photo/Alexandre Meneghini) 



!
Magnitude 7.4 OAXACA, MEXICO 
Tuesday,  March 20, 2012 at 18:02:48 UTC  

“Unusually long and strong” are words that 
dominate the news reports of this earthquake 
from Mexico City.  The shaking was widely felt in 
Mexico City and the duration of shaking was 
many seconds, despite the 322 km distance. This 
was fairly strong shaking for a magnitude 7.4 
earthquake at that distance, almost certainly due 
to the fact that portions of Mexico City are built on 
young unconsolidated sediments where seismic 
waves are amplified.  

Tenochtitlan- from The Broken Spears, Miguel León-Portilla 

 
The capital of the Aztec empire 
was Tenochtitlan, built on an 
island in Lake Texcoco. Mexico 
City was built by the Spanish on 
the ruins of Tenochtitlan.  Both 
the Aztecs and the Spaniards 
extended the island; the Aztecs 
first to create fertile land for 
planting, and the Spaniards 
eventually draining the lake to 
allow the city to grow. 
 

Mexico City 

From IRIS Teachable Moments 



Preliminary Finite Fault Model 
by U.S. Geological Survey 

 

Figure 5. Surface projection of the slip distribution superimposed on GEBCO bathymetry. Red lines indicate major plate boundaries
[Bird, 2003]. Gray circles, if present, are aftershock locations, sized by magnitude. Gray dashed lines show slab geometry from the
USGS Slab1.0 model. Above the map, we show the source time function if the event, describing the rate of moment release with time
after earthquake origin.

Gavin's Comments:

This is an updated solution, based on improved depth constraints, slab structure, and bodywave alignments. The original solution can
be found here .
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M7.3 O#shore Honshu, Japan 
on March 9 2012 

M7.4 Oaxaca, Mexico Earthquake 

Mo (Nm) 1.55e20  1.45e20 

ES (Nm) 7.8e15 1.3e15 

Mw 7.4 7.3 

Me 7.7 7.2 



Figure 5. The computed energy-to-moment ratios plotted as a function of moment magnitude. The
different symbols show different types of earthquakes as described in the legend. It is observed that
tsunami earthquakes have the smallest energy-to-moment ratios, and crustal and deep earthquakes have
the largest energy-to-moment ratios.
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efficiency for these earthquakes and interpreted our results
in the light of differences in rupture mechanics.

2. Different Types of Subduction Zone
Earthquakes

[4] Depending on the location of the earthquakes relative
to the subducting slab, we classified subduction zone earth-
quakes as shown in Figure 1: Type 1, plate interface
(interplate) earthquakes, which occur at the interface be-
tween the overlying plate and the subducting plate (i.e.,
typical subduction zone earthquakes; e.g., the 1995 Chile
earthquake); Type 2, tsunami earthquakes, which occur at
shallow depths in the slab and produce tsunamis much
larger than are expected from their seismic moment (e.g.,
the 1992 Nicaragua earthquake); Type 3, downdip earth-
quakes—in this category we grouped earthquakes that
rupture downward along the dip of the subducting slab
(such as the 1994 Sanriku earthquake) and earthquakes that
rupture the bottom portion of the known seismogenic zone
(like the 1997 Kamchatka earthquake); Type 4, intraplate
earthquakes, which occur within the subducting slab at
depths less than 250 km (e.g., the 2001 Nisqually earth-
quake); and Type 5, deep earthquakes (e.g., the 1994
Bolivia earthquake), which occur within the subducting
slab at depths greater than 500 km [Gutenberg and Richter,
1938, 1939].
[5] In addition to these subduction zone earthquakes, we

included Type 6, crustal earthquakes (not shown in the
figure), which occur in continental crust (e.g., the 1999
Hector Mine earthquake); these were included because
many of them are well studied using regional arrays and
hence serve as useful and important comparisons.

3. Radiated Energy of Subduction Zone
Earthquakes

[6] To estimate the radiated energy from 23 well-recorded
subduction zone earthquakes that occurred between 1992

and 2001 (shown on the location map in Figure 2), we used
P wave teleseismic data recorded at broadband stations
around the world and archived at the IRIS Data Manage-
ment Center. Only the vertical component data (BHZ
channel) of stations at distances between 30! and 90! were
used in this study. We applied corrections for path and
radiation pattern [Boatwright and Choy, 1986], to determine
the moment rate spectrum ( _̂M ( f )) from the displacement
spectrum (û( f )) at a station using
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where at teleseismic distances the geometric spreading
factor 1/r is replaced by g(D)/RE, RE = 6371 km is the radius
of the earth, va,b is the P wave or S wave velocity, t* is the
attenuation factor (equal to the travel time divided by the
path-averaged Q factor), C is the free surface receiver effect,
and Î( f ) is the instrument response. By integrating the
squared moment rate spectrum determined at each station
we computed radiated energy, ER. Thus
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where r is the density, and a and b are the P and S wave
velocities of the medium. We refer to this method of
estimating radiated energy as the single-station method. The
first and the second terms in the parenthesis on the right-
hand side of the equation represent contributions from P and
S waves, respectively; the P wave contribution is about
5 percent of the S wave contribution. The mean value of
these single-station estimates is the total P wave energy of
the earthquake and the S wave energy is determined from
the P wave energy, using the S to P wave energy ratio
[Venkataraman and Kanamori, 2004]. Figure 3 shows the
P wave energy spectral density for the 2001 India
earthquake. Most of the energy is around the corner
frequency (%0.05 Hz) and falls off rapidly with frequency
(best fit slope of displacement spectra %1.9). About 88% of
the energy is included in the frequency band of integration
(up to 1 Hz).
[7] The details of the path corrections applied to the

velocity spectrum are described by Venkataraman and
Kanamori [2004], but we briefly mention a few important
points here. For shallow events, the depth phases cannot
be separated from the direct phase, so the P wave group
(which includes the direct P, pP and sP) is used to compute
radiated energy; for deeper events, only the direct P wave is
used. The single-station estimate of energy does not account
for directivity effects resulting from source finiteness. The
effect of directivity on radiated energy estimates depends on
the slip time history and station distribution [Venkataraman
and Kanamori, 2004]. From our computations, we observe
that the directivity corrections for dip-slip earthquakes with
rupture along strike alter the teleseismic energy estimates by
less than a factor of 2; hence we do not include these
corrections in our final estimates of teleseismic energy from
subduction zone earthquakes. However, directivity could
have a significant effect on the teleseismic energy estimates
of crustal strike-slip earthquakes; for these earthquakes we

Figure 1. Cartoon showing the location of the different
types of subduction zone earthquakes relative to the
subducting slab.
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