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Abstract

Seismic ground motion in central Mexico is amplified relative to ground motion observed at the same epicentral
distance along the Pacific Coast in a frequency band that includes destructive ground motion at Mexico City.
Although several hypothesis have been advanced, at present there is no generally accepted explanation of such
amplification. We have analyzed coda-length magnitude data reported by Servicio@jgmdlacional (SSN)

for events recorded during 1993 to increase our understanding of the spatial distribution of this phenomenon. Our
results indicate that regional amplification: (a) is detected by magnitude residual computed at each station, relative
to the average of SSN network; and (b) is likely related to the crustal structure under the central portion of the
Transmexican Volcanic Belt (TMVB). Finally, preliminary wave propagation modelling (using SH wave, finite
difference method) suggests that crustal heterogeneity is a possible cause of regional amplification. However, if
this is so, it is required that both geometry and velocity distribution vary between the coast and Mexico City.

Introduction attenuation curves. At 5 Hz, regional amplification has
disappeared. Such large amplification was later con-

Mexico City may be strongly affected by earthquakes firmed by similar analyses using data recorded during
occurring in the subduction zone along the Pacific a large scale refraction experimen&{@enas, 1993).
coast, more than 300 km away. A major factor is local Significant regional amplification is thus well doc-
amplification of ground motion generated by a very umented by independent observations. Some hypothe-
soft clay layer that covers the lake bed zone of Mex- sis that have been advanced in the literature are: very
ico City (e.g., Bard et al., 1988; @Ghez-Gara and large sedimentary valleys (Ordaz and Singh, 1992),
Bard, 1994). However, it has been shown that seismic lateral heterogeneities in the crustal structure of cen-
ground motion on ‘firm ground’ in the valley of Mexico  tral Mexico (Ctavez-Gar@ et al., 1994) and the pres-
is already amplified relative to a rock site at the same ence of melted material under the Mexico City valley
epicentral distance along a different trajectory (Singh (Rodiiguez et al., 1996). In a recent paper, Shapiro
et al., 1988, 1995). This amplification affects a large et al. (1997) propose that the hypothesis of Singh et
area in central Mexico, and has therefore been called al. (1995), an irregular low-velocity layer under Mex-
regional amplification. ico City valley, explains both the amplification and

In a systematic study of acceleration records from the increase in duration of ground motion. However,
8 large events of the subduction zone, Ordaz and Singhtheir model does not explain the amplification observed
(1992) quantified the regional amplification. These by Ordaz and Singh (1992) in station CUE. In order
authors showed that ground motion on firm rock in to confirm the hypothesis of Shapiro et al. (1997) a
Mexico City is amplified by a factor up to 10 in the more detailed knowledge of the spatial distribution of
frequency band 0.2 to at least 2 Hz, relative to average regional amplification is required.
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One of the purposes of this paper is to investigate Data analysis
the spatial distribution of regional amplification in cen-
tral Mexico. According to Ordaz and Singh (1992), Data acquisition
regional amplification affects ground motion in a fre-
guency range both below and above a 1 Hz. For this Servicio Sismdbgico Nacional (SSN) operates the
reason, we expect that it may be observed in the short- national earthquake observation network. We hypoth-
period (1 Hz seismometers) national network operat- esized that regional amplification can be detected by
ed by Servicio Sismdlgico Nacional (SSN). The SSN  this short period (1 Hz seismometers) network. Ordaz
network has over thirty stations distributed in Southern and Singh (1992) showed that regional amplification
Mexico, and records several hundreds of events eachis indeed significant for frequencies as large as 2 Hz.
year. Thus, if it is possible to detect regional amplifi- The network is not calibrated, thus it is not useful to
cation in the SSN network, we could have an idea of make absolute measurements of amplitude data distri-
its geographical distribution. The SSN network, how- bution. However, it may be possible to gain insight
ever, has not been calibrated, and its amplitudes arefrom relative measurements within the network.
not useful. For this reason, we have explored the pos-  We have chosen to analyze coda-length magnitude
sibility of using coda-length magnitude data reported (AM/;) data, reported in a daily basis by SSN, during
by SSN during 1993. We show that regional amplifi- 1993. SSN reportd/. for each event, which results
cation is indeed detected by such data, and that thisfrom the average of the individual values for all the
allows us to provide a first estimate of its geographical stations that recorded it. The formula used to compute
distribution. Coda-length magnitude data suggest that M. was proposed by Havskov and Mas (1983) who
regional amplification is related to the laterally hetero- followed the method of Lee et al. (1972) using data
geneous crustal structure resulting from the presencefrom Mexican stations. This formula is
of the Transmexican Volcanic Belt (TMVB).

The second purpose of this paper is to explore the M. = 0.09+ 1.85l0g,o(T") +0.0004D), (1)
likely causes of regional amplification. The critical fre- whereT is coda-length in seconds afis epicentral
guency range for Mexico City lies below 0.5 Hz, i.e., distance in km. The use of this particular equation
frequencies lower than those that can be observed withhas little effect in our results, since we will consider
a short-period network. This suggests that, from the only relative differences. We quantify these differences
point of view of destructive ground motion in Mexico defining the magnitude residual (MR) for each event
City, both the important wavelengths and the hetero- as the difference between observed magnitude at each
geneities that affect these waves are large. Besides,station and the reported magnitude for that event.
although it may be impossible to propose a model of During 1993 the bulletins of SSN reported data
the crust to compute ground motion in the short period from 34 stations, 30 operated by SSN and 4 (lil, IIT,
range, this is feasible in the long period range. For IIA, and 1IS) that are part of SISMEX, operated by
these reasons, we have explored in this paper SH wavelnstituto de Ingeniga, UNAM. All these stations are
propagation in simple 2D models. The reason we have located on competent rock. Data from seven stations
not tried to construct a model of the real geological were discarded because they recorded less than 30
structure of central Mexico is that there is not enough events during 1993. As we expect a large scatter, we
data on the shape, nor on the mechanical properties ofrequire enough data to compute a meaningful aver-
the crust between the Pacific coast and Mexico City age MR. From the remaining 27 stations, 9 form the
(e.g., Shapiro et al., 1997). Earthquakes in Mexico Guerrero subnetwork (GN). This subnetwork has an
are located using flat layers models. We have com- aperture of 90 km and forms a local array parallel to
puted results for smooth laterally irregular structures the coast, 40 km NW of Acapulco (station ACX in Fig-
that examine two possible changes to the flat layered ure 1a). During 1993, GN recorded mainly events from
structure: continuous lateral velocity changes and slow the subduction zone in front of Guerrero, at short epi-
layer thickness variations. We show that, if crustal het- central distances, and very few events from the rest of
erogeneity is to explain regional amplification, it is the subduction zone. The station distribution of GN and
required that both velocity distribution and geometry its recorded data are not at all suited to analyze effects
vary between the coast and central Mexico. related to propagation along large distances perpen-

dicular to the coast. For this reason, we restricted our-
selves to data from the 18 stations shown in Figure 1a.
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Figure 1 Data used in this study. Solid squares: SSN stations. (a) Distribution of stations of Servicicd8ismblacional (SSN). The heavy
dotted line shows the location of the trench, while the thin dotted lines indicate fractures of the subducting plate. (b) Location of epicenters
recorded by SSN network during 1993. Gray area shows the surface extension of Transmexican Volcanic Belt (TMVB).

Figure 1b shows the distribution of seismicity. A total Figure 2. This figure shows that MR does notdepend on
of 786 events were analyzed. Seismicity occurs main- magnitude of the events for most of the stations (CGX,
ly along the Mexican subduction zone, with additional MRX, UNM, ACX, OXX and TPX). The two excep-
activity in the isthmus of Tehuantepec. We analyzed tions are stations SCX and 1IS, where MR decreases
MR at each station for its dependence on four parame- with increasing magnitude. Most of the stations show a
ters: magnitude and depth of the event, and azimuth large uncertainty of the mean for small and large mag-
and distance between epicenter and station. nitudes. In Figure 3, we plot the data set used to com-
pute the average values of Figure 2. We observe that the
MR dependence on magnitude and depth of the eventdarge uncertainty of the average value at the lower and
upper limits of magnitude values is due to having too
Recorded events have coda-length magnitude betweerfew points. This does not explain the large scatter al low
2.6 and 5.5. We first investigated whether MR depend- magnitudes observed for ACX. This station recorded
ed on magnitude. An example of the results is shown in an unusual number of small magnitude events because
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Figure 2 Variation of MR with magnitude for eight stations. Solid circles show average MR for each magnitude. Error bars indicate the 95%
confidence limits of the mean. MR for two stations (SCX and 11S) show some dependence on magnitude. The rest of the stations (including
those not shown) show MR independent of magnitude of the events.
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Figure 3 Variation of MR with magnitude for eight stations. Each solid circle corresponds to one event.
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of its closeness to the subduction zone. Havskov and coast of Oaxaca, and between the coast and the station
Macias (1983) derived its formula without data from itself. Negative MR suggests larger than average atten-

epicentral regions and for events wf, > 4. Thus, uation. In fact,() values measured in the coast region
data for ACX may be less reliable than that for the of Oaxaca are lower than elsewhere along the subduc-
other stations. tion zone and have been interpreted as due to a more

We also studied, the possible dependency of MR on fractured crust, without tectonic stress accumulated in
the depth of the hypocenter. The depth of our data lies this region (Castro et al., 1994). Therefore, MR depen-
between 0 and almost 200 km. Our results showed thatdence on azimuth for OXX station is probably related
MR does not depend on the depth of the hypocenter to very local phenomena, and unrelated with regional
for any of the stations (Figure 4). amplification.

MR dependence on azimuth between epicenter and MR dependence on epicentral distance
station

We also analyzed the possible dependence of MR on
Next, we considered the possible influence of azimuth epicentral distance. It is clear that only larger events
between epicenter and station on MR. To evaluate this, are recorded at larger epicentral distances. However,
we considered for each station those events falling in as shown above, no significant dependence of MR on

different azimuth windows (generally 1@vide). Fig- magnitude was observed at most of the stations.
ure 5 shows, for example, these azimuth windows for Some results are shown in Figure 6 for the com-
station UNM. plete data set analyzed at some of the stations. In this

Our results indicate that for 12 of SSN stations plots, MR for stations MRX, CRX, UNM, and TPM,
MR does not depend on azimuth between source andsuggests some dependence with increasing distance.
station. As regards the remaining stations, 4 of them For example, for station MRX, MR is positive for all
(MRX, CRX, UNM and IlA, located at the center ofthe  observations at distances larger than 600 km. Howev-
country) present positive MR for epicenters located on er, the number of data points at large distances is small
the coasts of Oaxaca and Chiapas, while for all the oth- and the 95% confidence limits of the average values
er epicenters, MR is about zero. However, epicenters (not shown) cannot rule out that average values are
on the coasts of Oaxaca and Chiapas are those withindependent of epicentral distance.
largest epicentral distance for these stations. In fact, = The formula we have used to computé. may
given the geographical distribution of events, azimuth not be appropriate for the whole distance range we
between epicenter and station is coupled to epicentralhave investigated. However, in this case, we would
distance. This is clearly shown in Figure 5 for station find the same dependenceM§ with distance for all
UNM. A similar situation is observed at station CGX, the stations. Figure 6 suggests that the trend of MR
for which MR is negative for epicenters in the coast for large epicentral distances is not the same for all
of Michoadn (closer epicentral distance) and about the stations (compare MRX with Il in Figure 6, for
zero for epicenters on the coast of Guerrero (larger example). Thus, Figure 6 offers some indication that
epicentral distance) at slightly different azimuths. We MR increases for large epicentral distances, but only
conclude then, that the dependence of MR observedfor some stations.
for these five stations may not be real, as it may result
from a dependence of MR on epicentral distance. This
hypothesis is supported by the non-dependence of MR Summary
on azimuth for all the other stations, which have a bet-
ter coverage of the observed ranges for azimuth and Given the spatial distribution of our events, we have
distance. explored a different grouping of our data. Most of the

OXX is the only station that shows a clear depen- events occuralong the subduction zone. We have divid-
dence on azimuth, independently of epicentral dis- ed the subduction zone in four subzones, and analyzed
tance. For this station, MR is zero in average for events mean and the coefficient of variation (CV) of MR for
coming from all azimuths except between 150 and each station for all the events in each subzone. Each
210° (measured counter clockwise from the North), subzoneis bounded by fractures of Cocos plate (shown
range for which the average MR is negative. Thus, MR in Figure 1a) and presents different convergence rates
is negative for those events occurring in front of the between oceanic and continental plates (Pardo and
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Figure 4 Variation of MR with depth of the events for eight stations. MR is independent of depth of the hypocenters for all the stations used in
our study. Solid circles show average MR in a 10 km window. Error bars indicate the 95% confidence limits of the mean. Open circles indicate
that only one event was observed in that depth window.
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Figure 5 Example of separation of events in azimuth windows. Open circles: epicenters of all of the events recorded by station UNM (located
where all the lines converge) during 1993.

Suarez, 1995). Subzone 1 (104V to 102 W) is (OGFZ). Subzone 3 (98W to 95° W) is bounded to
bounded by Orozco fracture (OFZ) to the SE. Subzone the SE by Tehuantepec ridge (TR). Finally, subzone 4
2 (102 W to 98° W) is the Guerrero region, the most  extends from 95W to 91° W, and is the second most
active of all, bounded to the SE by O'Gorman fracture active.
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Figure 6 Variation of MR with epicentral distance for ten stations. Each solid circle corresponds to one event.

Figure 7 shows distribution of average MR and its
CV for each of the four subzones. Mean and CV for MR
were computed for all the events with epicenter within
the rectangles shown in each one of the four diagrams.
Results for subzone 1 (Figure 7a) show small MR in
all the stations except for IIS and PPM. We note that
some stations (LVV, LVM, SCX, PBJ, TPX, IlIA, and
[IT) did not record events from this subzone. MR is
positive in the central stretch of TMVB, except for
stations CRX and MRX. These two stations are those
for which whose epicentral distances are smallest.

Figure 7b shows average MR and its CV for events
whose epicenters fall in subzone 2. All the stations
in central Mexico show positive with small CV. The
largest average value is that of PPM (0.26). Along the
Pacific coast, average values are negative for ACX,
PIM, and CGX, while they are small and positive to
the East of subzone 2 (stations OXX and PBJ).

Results for subzone 3 are shown in Figure 7c. Aver-
age MR is positive only at the center of the TMVB.
For all the other stations for which CV was less than
2, MR is negative. This applies both for stations along
the Pacific coast and for LVV and LVM on the Gulf
coast.

Finally, results for subzone 4 are shown in Fig-
ure 7d. This figure shows positive average MR in the

TMVB, and negative MR outside it. We note that sta-
tion PIM, along the Pacific coast did not record any
event form subzone 4, while station MRX, at approxi-
mately the same epicentral distance, recorded 30 events
from subzone 4.

Figure 7 shows that MR is consistently positive in
the central stretch of TMVB. Station CGX, on its West-
ern edge shows negative MR (subzones 1, 2, and 3) or
too large CV (subzone 4). Outside TMVB, stations
OXX and PBJ show positive MR for subzone 2, but
negative MR for subzone 3. These results suggest that
duration of ground motion is increased relative to aver-
age on central TMVB, and decreased along the Pacific
coast. The differences between subzones 1 and 2 sug-
gest that this increase in duration is more important
when the waves travel obliquely to TMVB than when
they travel parallel to it. Regional amplification is about
a factor 5 to 7 in the 1-2 Hz frequency band (Ordaz
and Singh, 1992). This amplification could increase
the measured duration of a weak motion record, and
result in a positive MR relative to average. Figure 7
suggests that regional amplification in central Mexico
is detected by MR of the short-period SSN network,
and that it is related to lateral heterogeneity associated
with the TMVB.
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events from the corresponding subzone.

obtained from MR, this alluvial valley would be too
large, and cannot be identified in the geological map of
Our results shed some light on the spatial distribution Central Mexico. MR distribution suggests that region-
of regional amplification. They allow, for example, to al amplification is likely related to the crustal hetero-
discard the hypothesis of large alluvial valleys because, geneity caused by the TMVB (Transmexican Volcanic
given the spatial distribution of regional amplification Belt). However, our results do not have enough resolu-

Preliminary wave propagation modeling



349

tion and are insufficient to constrain a model that could
explain the observations.

Several studies have investigated crustal structure
in Mexico. Valdes et al. (1986) proposed an average
velocity model for the zone of Oaxaca. Campillo et al.
(1989) modified slightly this model to better explain
the relative arrival times of Lg waves and long peri-
od Rayleigh waves in Mexico City from the 9.19.85
Michoadn event. Cavez-Garta et al. (1995) showed
that this model allowed to correctly predict the aver- 05 ) :
age dispersion curves between 7 and 20 s between the 00 20 Time (g')o &0
Pacific coast and Mexico City, but some observations
suggested that lateral variations could be important.

Additional restrictions on the crustal structure 0.08 |
come from gravity data. Two recent models are
those of Molina-Garza and Urrutia-Fucugauchi (1994)
and Campos-Eiuez and Gardipo-Monroy (1995).
According to these authors, the thickness of the crust
increases from the coast (Pacific Ocean and Gulf of
Mexico) towards central Mexico, reaching between
47 km (Molina-Garza and Urrutia-Fucugauchi, 1994) 0.00 , :
and 38 km (Campos-Eiquez and Gardino-Monroy, "00 05 1.0 15
1995) under TMVB. However, both models show Frequency (Hz)
an anomaly under the central stretch of the TMVB.
Molina-Garza and Urrutia-Fucugauchi (1994) propose
a low density layer at the base of the lower crust,
which is involved in the isostatic compensation of the
volcanic-capped plateau of the TMVB. The top of the gram used was that by Moczo (1989) where the details
anomalous low-density layer is at about 30 km, where- of the finite difference scheme are given. One point
as its base reaches a maximum depth of about 47 kmworth mentioningis that Moczo (1989) uses an approx-
beneath the TMVB. Campos-Hguez and Gardio- imation called ‘heterogeneous formulation’, to rigor-
Monroy (1995) suggest that the central part of TMVB ously consider discontinuities of the material proper-
is an area of relative thinner crust. This crustal thinning ties thatdo not coincide with any grid point. This allows
is related to the extensional tectonics affecting, since to model accurately continuous lateral variations of
the Late Miocene, the western and central sectors of velocity and a perfectly smooth irregular interface.
the TMVB. The free surface is modelled using the vacuum formal-

This is still not enough to constrain a seismological ism, and a point source is included following Aboudi
model. We have chosen to investigate ground motionin (1971). The FD scheme by Moczo (1989) makes it
preliminary 2D models. In particular we will examine possible to consider anelastic attenuation, following
the influence of two factors: a horizontal velocity gra- the ideas of Emmerich and Korn (1987). However, as
dient between the Pacific coast and Mexico City, and a we are only interested in comparing different models,
smooth irregular interface, within the first 30 km of the  we have neglected anelastic attenuation throughout.
crust. Thus, we will explore whether regional amplifi- All the models consider a regular grid spacing of
cation can be explained by a gradual decrease in prop-150 m in the horizontal and vertical directions. The
agation velocity, a gradual decrease of the thickness of models are 450 km large in the horizontal direction

Amplitude

Fourier Amplitude

Figure 8 Ricker pulse and amplitude spectrum of the same, used as
the time function of the source in finite difference simulations.

the layer guiding surface waves, or both together. and 45 km in the vertical direction. The first 30 km
represent the crust. In the half-space the velocity is
Method 4.6 km/s and the density 3.0 g/énboth constant for

allthe models. The upper 30 km of the modelinclude an
We have used the finite difference method to model irregular smooth interface with an exponential shape.
ground motion, exclusively for SH motion. The pro- Velocity in the upper layer follows a linear gradient
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and goes from 3.05 km/s in the left edge of the model Results

down to 2.15 km/s at 450 km. The second irregular

layer includes also a velocity gradient, from 4.47 km/s Figure 10 shows an example of the results. We present
in the left edge down to 3.42 km/s. Thus, velocity con- synthetic seismograms for some chosen receivers along
trast between these two layers is kept approximately the free surface of model 1A. At close epicentral dis-
constant along the profile. Density is the same for the tances, direct arrival and some multiples are the only
upper 30 km and changes linearly from 2.85 glcm features of the synthetics. For epicentral distances larg-
at the left edge down to 2.55 g/énat the right edge  er than about 100 km, Love waves are established,
of the model. This basic model satisfies the require- guided by the topmost layer. At large epicentral dis-
ment of being, when averaged, the 1D model proposedtances, body wave arrivals have very small amplitudes,
by Campillo et al. (1989). The source time function while Love waves form a sharp pulse whose amplitude
we have used for FD computations is a Ricker pulse increases steadily with distance.

with a dominant period of 2.5 s (Figure 8). This pulse One way to compare all the modelsiis to plot togeth-
includes those frequencies that are affected by region-er peak ground displacement of the synthetic seis-
al amplification. The source is located 75 km from the mograms (smoothed with a boxcar window 18 km
left boundary. Mexico City would be at an epicentral wide) as a function of distance. This is shown in

distance of about 300 km. Figure 11. No normalization was applied, as all the
traces were obtained with the same source time func-
Models tion. From O distance (directly above the point source)

to 125 km we observe large variations and a sharp
The basic model (model 1) is shown in Figure 9a. It decrease of amplitude due to geometric attenuation of
includes the horizontal velocity gradient and an irreg- directarrivals, with some peaks where reflected arrivals
ular interface dividing the crust in two layers. Two become important. At larger epicentral distances we
possible source depths have been used in this model:observe different behaviors depending on the model.
10 km (model 1A) and 20 km (model 1B). We consid- Model 1A (including the irregular interface and the
ered two additional variations for this model. The first velocity gradient) shows a peak displacement increas-
one (model 1C) considers constant velocity and densi- ing steadily with distance. This contrasts sharply with
ty within the two irregular layers (3.05 km/s in the first  results for model 1B, whose only difference with mod-
and 4.3 km/s in the second layer, density is the same inel 1A is a deeper source. Peak displacement for model
both layers, 2.85 g/cf). the depth of the source was 1B decreases with distance and has the smallest ampli-
10 km. The second variation to the basic model (model tudes among the models at large distances. Difference
1D) kept the velocity and density gradients, but used between models 1A and 1B is a factor of 3 at 330 km
an irregular interface with a smoother lateral variation epicentral distance. Results for model 1D (Figure 9b)
(Figure 9b). The source depth was again 10 km. are similar to that for model 2 (flat layers), suggesting

The second model (model 2) consists simply of two that the smooth irregular interface is not significant-
flat layers, each one 15 km thick. Velocity and densi- ly different from a flat interface. Results for model 3
ty distribution correspond to those of model 1A. This (Figure 9¢) and model 1C (including the irregular layer,
model will allow us to quantify how much amplifica-  but with constant velocity) are similar, which indicates
tion is due to the irregular lateral structure of model 1. that the irregular interface of model 1C amplifies peak
In model 2 the source depth is 10 km. ground displacement as much as the lateral velocity
Finally, a third model explores the influence of the gradient and a linear thickness decrease together.

shape of the irregular interface. In model 3 (Figure 9c), Figure 11 suggests that an important factor in
the crust has two flat layers between 0 and 175 km from amplitude of motion at large epicentral distances is
the edge of the model. From 175 km to the right edge, the distance between the source and the nearest inter-
thickness of the crust decreases slowly to about 20 km face. If this distance is small, ground motion will be
at 300 km epicentral distance (roughly corresponding smaller (models 1B, 1D, and 2); if it is large, ground
to Mexico City). Velocity and density distribution are  motion will be larger (models 1A and 1C). In order to
the same as those for model 1A in the two irregular understand these differences we analyzed snapshots of
layers. Source depth is 10 km. ground motion in the models. Figure 12 shows absolute

amplitudes of displacement in part of models 1A and

1B, 62 s after onset of the computations. The only dif-
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Figure 9 Three of the models used for FD computations. (a) Basic model including lateral velocity and density gradients and an irregular
interface (model 1A). (b) Modification of the basic model. Velocity and density structure is the same, but the shape of the irregular interface
is smoother (model 1D). (c) Model with a linear decrease in crustal thickness for epicentral distances larger than 175 km (model 3). The star
indicates the position of the source. Mexico City would be at about 300 km distance.

‘ ference between these two models was the depth of the
o source. For this time level, Love wave propagation is
S ] well established. In model 1B, the largest amplitudes
300k - g are distributed in several maxima with de_pth. In con-
trast, model 1A shows the largest amplitudes at the
) ; surface (between 150 and 160 km epicentral distance),
[ e ] decreasing monotonically with depth. Thus, the main
200L ™ y difference between these two models is the Love wave
' d mode that has been most excited: the fundamental in
ot the case of model 1A, a higher mode in the case of
- model 1B.
100F " ] One interesting feature of observed regional ampli-
W fication is its frequency dependence. Ordaz and Singh
it - (1992) showed site amplification functions for eight
-~ sites in central Mexico from accelerographic data.
Uy They computed amplification relative to average atten-
- uation for all the network. We have read these ampli-
v fication curves (one for each of their eight events) and
T computed a geometric average for each station. We
0 50 100 150 200 left out stations CUE and MAD because they recorded
Time [s] only one event, and station TEA because the distance
from this station to the source is very different from the

Distance [km]

Figure 10 Synthetic seismograms obtained for model 1A.
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Figure 11 Peak displacement of the synthetics as a function of epicentral distance for all the models.
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Figure 12 Snapshots for models 1A (upper frame) and 1B (lower frame) at same time level (62 s). The difference between the two is only the
depth of the source (10 km for 1A, 20 km for 1B).

Table 1
Event Depth Ms  Stations
date (km) B18 B34 B74 CUE CU MAD TAC TEA
(d/mly)
19/09/85 16 8.1 X X X X
21/09/85 20 7.6 X X X
07/06/87 23 4.8 X X
08/02/88 20 58 Xx X X X X
25/04/89 17 6.9 x X X X X X
02/05/89 19 4.9 X X X
08/10/89 37 4.1 X

31/05/90 21 58 x X X X X X
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Figure 13 Comparison of the shape of spectral amplification observed in Mexico City with spectral amplification of theoretical models. (a)
Observed values, read from the figures of Ordaz and Singh (1992). (b) Theoretical values, computed relative to synthetic motion computed for
model 1B.

others. Epicentral distance for all these stations is com- the Ricker wavelet used at the source. Outside this fre-
prised between 300 and 340 km. Table 1 shows which quency band, the spectral ratio becomes unstable due
events were recorded by each station. The resulting to the small amplitude of the denominator. The results
average amplification functions for each of the five are shown in Figure 13a. We first note that observed
sites are shown in Figure 13b, in the frequency range amplification is larger than predicted. While observed
0.2to 1 Hz. Maximum amplification attains a factor 14 amplification attains a factor 10 in average for all the
at 0.3 Hz for station TAC. A significant feature of these stations, our theoretical transfer functions have much
curvesis that, for most of the stations, the largestampli- smaller values, between 2 and 4. However, there is a
fication occurs in a narrow frequency band, between definite similarity in the shape of both sets of curves.
0.3 and 0.5 Hz. Outside this band, amplification values Theoretical transfer functions show maximum ampli-
decay. fication in the frequency band from 0.3 to 0.6 Hz, with
We have made a qualitative comparison of these a decay of amplification outside this band. The ampli-
observations with the results of our models. To this fication decay at low frequency, however, is slower
end, we computed a theoretical transfer function for than observed. Another difference is that maximum
each receiver as the spectral ratio of Fourier amplitude amplification is shifted towards higher frequencies in
spectra between each model and a reference modelthe theoretical transfer functions, relative to observed.
We used 1B as reference model 1B, which showed the
smallest peak displacement values at large epicentral
distances. Before taking the ratio, we have smoothed Conclusions
Fourier amplitudes with a boxcar function of 0.07 Hz
width. Given that all the observations shown in Fig- Different studies have demonstrated the existence of
ure 13b are for epicentral distances in the range 300 to significant regional amplification of seismic ground
340 km, we averaged our theoretical transfer functions motion in central Mexico. Its amplitude as well as
for all of receivers in this distance range. Our results are the frequency band in which it appears make regional
reliable inthe band 0.1to 0.7 Hz, given the spectrum of amplification an important factor of the seismic hazard
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that threatens several large cities in central Mexico, Our results show that crustal heterogeneity is a pos-

including Mexico City. sible cause of regional amplification. However, if this
In this paper, we have analyzed coda-length mag- is so, it is required that both geometry and veloc-
nitude data reported by Servicio Sisrgico Nacional ity distribution vary between the coast and Mexico

(SSN) for events recorded during 1993. Our purpose City. Our models are able to reproduce the observed
was to increase our understanding of the spatial distri- dependence of amplification on frequency. However,
bution of regional amplification. We analyzed a mag- observed amplification values are larger than predicted
nitude residual (MR) defined as the difference between by our model. This may indicate that our models are
the magnitude computed for a given station-event pair too simple (for example, P-SV analysis is required). It
and the magnitude assigned to that event. The latteris clear that additional data is necessary on the crustal
was computed by SSN as the average of the magnitudestructure in central Mexico and that this will be impor-
estimates from each individual station. We showed that tant to further understand regional amplification.
MR does not depend on magnitude (in the range 2.6 to
5.5), depth of the event (in the range 0 to 150 km), nor
on azimuth between epicenter and station. MR shows Acknowledgements
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