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Abstract

Local Earthquake Tomography (LET) is a useful tool for imaging lateral heterogeneities in the upper crust.
The pattern of P- and S-wave velocity anomalies, in relation to the seismicity distribution along active fault
zones, can shed light on the existence of discrete seismogenic patches. Recent tomographic studies in well
monitored seismic areas have shown that the regions with large seismic moment release generally correspond
to high velocity zones (HVZ’s). In this paper, we discuss the relationship between the seismogenic behavior of
faults and the velocity structure of fault zones as inferred from seismic tomography. First, we review some re-
cent tomographic studies in active strike-slip faults. We show examples from different segments of the San
Andreas fault system (Parkfield, Loma Prieta), where detailed studies have been carried out in recent years.
We also show two applications of LET to thrust faults (Coalinga, Friuli). Then, we focus on the Irpinia normal
fault zone (South-Central Italy), where a M = 6.9 earthquake occurred in 1980 and many thousands of after-
shock travel time data are available. We find that earthquake hypocenters concentrate in HVZ’s, whereas low
velocity zones (LVZ’s) appear to be relatively aseismic. The main HVZ’s along which the mainshock rupture
has propagated may correspond to velocity weakening fault regions, whereas the LVZ’s are probably related
to weak materials undergoing stable slip (velocity strengthening). A correlation exists between this HVZ and
the area with larger coseismic slip along the fault, according to both surface evidence (a fault scarp as high as
1 m) and strong ground motion waveform modeling. Smaller wave-length, low-velocity anomalies detected
along the fault may be the expression of velocity strengthening sections, where aseismic slip occurs. Accord-
ing to our results, the rupture at the nucleation depth (~ 10-12 km) is continuous for the whole fault length
(~ 30 km), whereas at shallow depth, different fault segments are activated due to lateral heterogeneities in the
sedimentary cover. This finding confirms that the rupture process is controlled by lithologic and structural dis-
continuities in the upper crust, and emphasizes the contribution that LET can make to the study of fault
mechanics.

Key words  seismic tomography — fault structure — frictional properties along fault zones. If the
seismogenic behavior occurrence of different scales of seismic strain
release (as large events, aftershocks, microseis-
micity) depends on fault rheology and material

1. Introduction properties, we can predict the seismogenic be-
havior of a fault from crustal velocity images.
The aim of this paper is to discuss the con- Large crustal earthquakes (i.e., M > 6.5) are
tribution of local earthquake tomography generated by faults with dimensions of some
(LET) to the understanding of earthquake tens of kilometers, a size that can be well im-
source mechanics. We are motivated by recent aged by LET, which has the resolution of a
hypotheses regarding the control of rheologi- few kilometers (typically, 2-5 km).
cal heterogeneities on faulting behavior The identification of faults and tectonic pro-

(Boatwright and Cocco, 1994, and references cesses has been a central goal of tomographic
therein), and the heterogeneous distribution of studies in several seismic areas (e.g., Eberhart-
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Phillips, 1993, and references therein). In this
paper, we review some. examples and conclu-
sions achieved by these studies, emphasizing
the relation between velocity anomalies,
slipped fault patches during large events, and
cluster of aftershocks. We also use the tomo-
grams to infer the presence of different fault
patches (and fault heterogeneities) character-
ized by different frictional stability properties
that control different types of seismic release.
The main perception derived from most tomo-
graphic studies is that high and low velocity
zones represent the expression of fault seg-
ments characterized by strong and weak behav-
ior (Zhao and Kanamori, 1992; Foxall et al.,
1993).

Sharp velocity contrasts are often observed
across major faults and are generally inter-
preted as lithological discontinuities (Michelini
and McEvilly, 1991; Amato et al., 1992; Eber-
hart-Phillips and Michael, 1993). A strong gra-
dient maps the location of the fault at depth,
where aftershocks are clustered. However, we
note that the presence of velocity gradients
rather than discontinuities in a tomographic
image may be linked to the model parameteri-
zation and to the definition of velocities within
the volume (linear interpolation between nodes
of a three-dimensional grid), or to smoothing
constraints applied to resolve the inverse prob-
lem. Thus, the velocity gradients commonly
modeled may be a shadow of stronger velocity
contrasts across the faults.

Along the fault, high velocities commonly
delineate the extent of regions with brittle be-
havior, in which most of the coseismic slip
concentrates. Conversely, low velocities char-
acterize areas with deficit of coseismic slip and
aftershocks (Michael and Eberhart-Phillips,
1991; Amato et al., 1992; Foxall et al., 1993).
We relate the brittle HVZ’s to fault segments
characterized by a velocity weakening mecha-
nism, whereas in the LVZ’s a velocity
strengthening behavior is more likely.

In addition, the fluid saturation and pore
pressure in the rocks lead to variations in seis-
mic velocities. This phenomenon affects P-
and S-wave velocity differently. Thus, the
presence of fluids, which play a fundamental
role in rock mechanics and rheology (Byerlee,

1990; Scholz, 1990; Rice, 1992; Hill, 1993;
Chester et al., 1993, among many others), can
be evinced by tomographic studies that include
the S-wave data. The large uncertainty associ-
ated with S-wave arrival times and the inver-
sion for the S-wave model, however, is still a
serious limit for seismic tomography. Thus, we
are still not able to determine if the variation of
the friction coefficient or of the pore pressure
is responsible for the shear resistance varia-
tion.

After the review, we present our tomo-
graphic study of the Irpinia 1980 normal fault-
ing earthquake. Our aim is to develop a synop-
tic representation of the seismogenic zone, in-
cluding all the available observations together
with the tomograms. We are mainly interested
in the relation between velocity anomalies and
earthquake characteristics, rather than a partic-
ular model for that earthquake. We select the
Irpinia event because several aftershock arrival
times are available and because the robustness
of the 3-D inversion has been established (Am-
ato et al. 1992). Furthermore, Irpinia is one of
the few normal faulting events in the world for
which many kinds of geologic and seismologic
data are available.

2. Local Earthquake Tomography (LET),
where, why, and how

The primary benefit of using LET in earth-
quake source zones is the possibility of model-
ing an area with seismological significance.
Because larger events often occur with evi-
dence of «characteristic behavior» along pre-
existing structures (Allen, 1981; Schwartz and
Coppersmith, 1984), refined images of the
crustal structure in these areas seem to be a
powerful tool for delineating their seismic po-
tential. Our aim is to image the local hetero-
geneities along the fault that may control rup-
ture nucleation and stopping. The apparent cir-

- cularity of our logic, in needing earthquake ar-

rival times for tomography, and then identify-
ing the internal structure of seismogenic zones
that already experienced a large event, is ex-
ceeded considering that tomographic experi-
ments can be executed in seismic areas largely
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before earthquakes (with artificial sources or
background seismicity, for instance).

Another advantage of LET is that in seismic
areas we can use numerous «low-cost» cross-
ing raypaths due to the large number of after-
shocks usually recorded after large events. The
target volume is well sampled by the rays close
to the fault, allowing us to reach a fine defini-
tion of heterogeneities. The high-frequency
characteristic of aftershock waveforms at LET
distances (generally > 5 Hz) ensures a high
resolution capability of the data. The resolution
of modeled anomalies is mainly limited by the
station spacing, rather than the signal fre-
quency content. Generally, the maximum
achievable resolution is of 1-2 km, although
the ray geometry and the inversion procedure
smear the velocity computation over larger
volumes.

The goal of LET in seismic areas is the def-
inition of crustal velocity structure of fault
zones. Identifying the deep geologic structure
is fundamental to characterizing tectonic pro-
cesses, the geometry and extent of faults. This
applies particularly to thrust events, where the
faults often do not break the surface (blind
thrusts) and are therefore difficult to investi-
gate (Eberhart-Phillips, 1990; Stein and King,
1984; Stein, 1993). ‘

Two major questions arise: can different
Jault segments (such as asperities or barriers)
be resolved via LET?, and is the rheologic be-
havior of rocks directly related to seismic ve-
locity? We believe that lithological hetero-
geneities yield variations in the frictional prop-
erties in fault zones and may have a strong in-
fluence on fault slip and earthquake dynamics
(Foxall et al., 1993; J. Boatwright personal
communication, 1994). These heterogeneities
can be recovered with LET (Eberhart-Phillips
and Michael, 1993; Amato er al., 1992), be-
cause they are closely associated with seismic
velocity variation in the uppermost crust. Ma-
terial inhomogeneities behave like dynamic
heterogeneities during the seismic stress re-
lease. Therefore, we can try to infer the rheo-
logic behavior from material property varia-
tions (seismic velocity in our case).

LET is based on the inversion of P- and S-
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wave arrival times (Aki and Lee, 1976). The
basic idea is that differences in ray-path travel
times within a region are somehow related to
seismic wave velocities inside the travelled
volume. Thus, P- and S-wave arrival times at
an array of stations contain an (unfortunately
unknown) amount of information on the veloc-
ity structure (Thurber, 1983). More generally,
the arrival times are coupled to both earth-
quake hypocentral locations and velocity
model (Thurber, 1992). Their partition, obvi-
ously not known a priori, needs to be taken
into account while inverting the data. For this
reason we prefer the tomographic approach of
«simultaneous inversion» (see Thurber, 1993,
and references therein), with respect to the «to-
mography in sensu strictu» where the hypocen-
ters are kept fixed, and only the model velocity
parameters are inverted (Lees and Malin, 1990,
and references therein). Furthermore, simulta-
neous inversion remains a highly non-linear
problem, with an intrinsic trade-off between
earthquake location and velocity parameters
computation. This trade-off is resolved separat-
ing the medium parameters from the hypocen-
tral ones (Pavlis and Booker, 1980). After ob-
taining earthquake locations, the technique
computes the velocities averaging the values
over a (more or less localized) volume of the
medium. Velocities are defined with a discrete
number of points (in our case nodes of a three-
dimensional grid).

The non-linear inversion is solved minimiz-
ing a measure of the data misfit — the residu-
als — with an iterative scheme. In each iteration
a starting guess of model parameters is per-
turbed, and linearity is justified when applying
small perturbations. Thus, choosing the starting
model becomes fundamental to the conver-
gence of the problem toward the global mini-
mum.

The travel-time residual is defined as the
difference of the observed arrival time for an
event j at a station { as
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where m,; are the L parameters of the velocity

oT;;

model, —— are the variations of T with respect
Xy

to hypocentral coordinates and origin time,

aT;

— are the variations of T with respect to the
m

model parameters, and Ax;, Am; are the un-

known parameters. The computation of the

model parameters is performed using a

damped-least-squares inversion

Am= (M) M+ 0y M)+ (22

where r’ is the vector of residuals, M is the re-
solving kernel, 6% is a damping parameter
added to the diagonal of the medium matrix to
reduce the large velocity perturbations that can

occur for singularity in M (a similar damping
is imposed on hypocentral variables after pa-
rameter separation).

Several LET techniques have been devel-
oped, mainly differing in the treatment of
model parameterization, ray-tracing, hypocen-
ter-velocity parameters coupling, inversion
technique, evaluation of model resolution
(Thurber, 1993; Eberhart-Phillips, 1993, and
references therein).

3. Tomographic applications in fault zones

LET has provided three-dimensional struc-
ture images of several fault systems at seismo-
genic depths. Here, we present the results ob-
tained by different authors for some significant
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Fig. 1a,b. Parkfield: V, images (a) along and (b) across the fault (redrawn after Michael and Eberhart-
Phillips, 1991). Star indicates the 1966 mainshock hypocenter, dotted areas are clusters of background seis-
micity, solid lines delineate coseismic slip distribution according to Segall and Harris (1987).
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fault structures, in strike-slip and thrust faults.
Then, we describe in detail the application of
LET to the Irpinia region, where a M 6.9
earthquake occurred in 1980, in order to show
the relation between velocity structure of the
fault zone, nucleation, propagation and arrest
of the main rupture, and the aftershock distri-
bution.

3.1. Strike-slip faults

Because many active faults that have pro-
duced large events in recent years occurred
with strike-slip mechanisms, we start our re-
view from this kind of faults. One of the best
known such faults is the Parkfield segment of
the San Andreas Fault (SAF), which has
repeatedly produced earthquakes of M ~ 6
(Bakun and McEvilly, 1984). Here, the SAF is
imaged as a sharp horizontal V, gradient be-
tween higher velocity on the south-western
side and lower velocities on the north-east-
ern side (Lees and Malin, 1990; Michelini
and McEvilly, 1991; Eberhart-Phillips and
Michael, 1993). Below the surface fault trace,
the sharp gradient maps the fault extension at
seismogenic depth (see fig. 1a,b). Along the
fault, background seismicity, shown on the 3-D
tomograms (fig. 1a,b), marks the boundary of
the high velocity. Coseismic slip along the
fault (Segall and Harris, 1987) is dominant in
the HVZ, whereas it decreases toward NW in
the low velocity creeping section of the fault.
Michael and Eberhart-Phillips (1991) and
Eberhart-Phillips and Michael (1993) suggest
that a relation exists between high velocity and
»increasing ability of the rocks to store strain
energy and release it as brittle failure».

A second extensively studied area is the
Loma Prieta section of the SAF (Dietz and
Ellsworth, 1990; Oppenheimer, 1990; Segall
and Lisowsky, 1990; Beroza, 1991). A HVZ
trending SE-NW has been imaged by Michael
and Eberhart-Phillips (1991) and Foxall et al.
(1993) from 2 to 8 km depth beneath the SAF
trace. Although several explanations have been
proposed for the origin of this body (see Foxall
et al., 1993), we are mainly interested in the
concidence of the HVZ and the area ruptured

during the mainshock (Lisowski er al., 1990).
Across the fault, seismicity is associated with
the sharp velocity contrast (fig. 2a,b), and ma-
terial with V,, > 6 km/s experienced brittle fail-
ure. Foxall et al. (1993) propose that the high
velocity body is responsible for the stable to
unstable slip transition, due to variations of
frictional properties within the fault.

3.2. Thrust faults

Local earthquake tomography applied to ar-
eas of crustal convergence is an important tool
to investigate buried folds and blind thrusts
(Eberhart-Phillips, 1993; Roecker, 1993). The
combined interpretation of seismicity, fault
plane solutions, and velocity anomalies at
depth allows one to recover the geometrical
style of deformation of these complex geologic
structures. Here we describe two examples
of blind thrust faults that generated strong
(M ~ 6.5) earthquakes and a diffuse distribu-
tion of aftershocks. The two regions are at
Coalinga, California (Eberhart-Phillips, 1989,
1990), and in Friuli, Italy (Amato er al.,
1990).

The Coalinga earthquake sequence occurred
in 1983 and has been extensively studied by
Eberhart-Phillips (1989, 1990), who pointed
out the existence of a suite of southwest-dip-
ping blind thrusts at the base of a fold. The
fold is well imaged at depth by LET and has
its surface expression in the Coalinga anticline
(fig. 3). The nearly horizontal thrust faults,
which are imaged as LVZ, uplift blocks of
high velocity material. Conjugate faults are
also revealed by the seismicity pattern. Similar
to the tomographic images of strike-slip faults
(previous section) it seems that the extent of
the rupture area is limited by material hetero-
geneities: the upward termination of the main
shock rupture coincides with the boundary be-
tween Franciscan rocks and the Great Valley
sequence (Eberhart-Phillips, 1989). In this
case, the comparison of LET results with re-
flection studies has enhanced the ability of
seismic tomography techniques to study the re-
lationship between material properties hetero-
geneities and the faulting process.
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Fig. 2a,b. Loma Prieta seismic zone: velocity structure, 1989 main shock location (star), aftershocks, and
area of uniform slip distribution according to Lisowski et al. (1990). We show two vertical sections, (a) along
and (b) across the fault. Symbols as in fig. la,b (redrawn after Michael and Eberhart-Phillips, 1991).

The second example of LET studies applied
to thrust faults is the Friuli region, Northern
Italy, described by Amato et al. (1990). In this
area two M = 6.5 earthquakes occurred in 1976
(May and September) and several thousands of
aftershocks were subsequently recorded by a
local network. Fault plane solutions of the
strongest events revealed thrust faulting on
nearly horizontal east-west striking thrust
faults. LET results, shown in a north-south ver-
tical cross-section (fig. 4), depict the south-
ward thrust of «alpine» structures over the
Friuli platform. A gravity modeling along the
N-S profile provides further constraints to the
crustal section (Amato et al., 1990). Seismicity
is mostly concentrated in the HVZ and in the
transitional neighbouring zones. The shape of
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the velocity anomalies along the N-S profile
(fig. 4) suggests the presence of a southward
verging structure at a depth of about 5 km,
roughly limited by the 6.2 km/s isoline, consti-
tuted by a wedge of metamorphic rocks. This
structure is thrust southward over the metamor-
phic basement, which is characterized by
higher velocity (= 6.4 km/s). Most of the earth-
quakes occur in the volume limited by the 6.2
km/s isoline; the fault planes associated with
the strongest events are located at 6-9 km depth
at the base of this structure (fig. 4). Thus, the
seismogenic structure responsible for the frequent
seismicity of the Friuli region is constituted by
this high-velocity high-density body.

As pointed out by Stein and King (1984),
the reconnaissance of buried seismogenic
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Fig. 3. Coalinga: vertical section across the fault showing the three-dimensional velocity structure, aftershock
hypocenters, and main active faults (redrawn after Eberhart-Phillips, 1993).
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Fig. 4. Friuli: velocity structure, aftershocks, and hypothesized thrust faults in a N-S vertical section across
the blind seismogenic structure (redrawn after Amato er al., 1990).

structures is extremely important in order to 4. Irpinia-gate
evaluate the seismic potential of active regions,

particularly when these structures do not show The 23 November 1980, Irpinia earthquake
any surface evidence. In thrust fault regions, is one of the largest normal faulting events
LET studies may provide useful information to (M5 = 6.9), where several studies have been
this goal. carried out (Deschamp and King, 1984; West-
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away and Jackson, 1987). A 38 km long, NW-
SE surface rupture was mapped by Pantosti
and Valensise (1990), and the complex source
has been recognized as consisting of three
subevents (Bezzeghoud, 1987; Bernard and
Zollo, 1989; Giardini, 1990; Cocco and Pacor,
1993). The relation between source dynamics,
amount of observed slip, and geologic struc-
tures spurred us to further investigate the role
of lithological heterogeneities in rupture propa-
gation. Amato et al. (1992) demonstrated the
efficacy and robustness of the tomographic
study, inverting more than 9000 travel times

[N S I ST TS

from 612 local earthquakes which occurred be-
tween 15 days and 3 months after the main-
shock.

4.1. Irpinia: resolution

The aftershocks are spread in a 60 x 20 x 12
km® volume (fig. 5). This geometry mitigates
resolution artifacts (smearing of anomalies)
that affect LET for strike-slip events where
most of the rays travel away from a vertical
plane (the fault) towards the surface without
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Fig. 5. Interpretative synthetic model of the Irpinia earthquake (from Amato et al., 1992). Aftershocks, main
shock focal mechanism, and proposed fault segments are plotted (see Cocco and Pacor, 1993, for details). The
arrows indicate the direction of the rupture propagation, interrupted by two barriers (=) (a strong barrier to the
southeast, and a «relaxation» barrier to the northwest). The isolines are the elevation changes predicted by the
source model proposed by Pantosti and Valensise (1990).
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Fig. 6. Comparison between the recovered (left) and the synthetic (right) velocity model at the seismogenic

depth of 6 km.

criss-crossing. The Irpinia data are homoge-
neously distributed in space. Data homogeneity
is particularly important for inverting local
earthquake data. Amato et al. (1992) and
Malagnini er al. (1993) performed a careful
analysis of the model resolution and velocity
anomalies reliability, individuating a well re-
solved central volume from 3 to at least 9 km
depth.

In several LET studies a relation between
earthquakes and high velocity is observed, and
we investigate the relation between velocity
and hypocentral parameters. We performed a
simple synthetic test to evaluate whether the
trade off between event location (especially
origin time) and velocity structure could result
in an artificial velocity increase close to the
seismic source. This test was aimed at verify-
ing the reliability of high velocity anomalies
often found within the seismogenic zone. Syn-
thetic ray-paths have been traced through a
low-velocity region located at seismogenic
depths (6-9 km). Then, we inverted the syn-
thetic travel times with a homogeneous starting
model, adding random noise to the data. The
comparison between synthetic and recovered

models (fig. 6) shows that the low velocity
anomaly is reproduced at seismogenic depths
in the well resolved central volume, and event
mislocation does not affect the velocity com-
putation. In the periphery of the model we ob-
serve a degradation of the recovered images,
suggesting that one should not speculate on ve-
locity anomalies in these regions.

4.2. Irpinia: velocity images

Figure 7a,b shows the V, three-dimensional
images. In layer 1, at a depth of 3 km, we ob-
serve a slight HVZ beneath Mt. Picentini and
Mt. Marzano, separated by low velocity in the
Sele Valley. The station corrections used in the
inversion (see Amato ef al., 1992) mitigate the
shallow velocity contrasts previously found by
Amato and Selvaggi (1990). A second small
LVZ is present beneath S. Gregorio, at the
southern end of the main fault segment
mapped by Pantosti and Valensise (1990). A
strong positive anomaly is found at the north-
ern end of the fault segments. In layer 2, at a
depth of 6 km, the prominent feature is a sharp
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Fig. 7a. Velocity tomograms at 3, 6, 9 km depth. Earthquakes occurring within 1 km from each layer are rep-
resented. Solid lines indicate the fault traces.
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Fig. 7b. NW-SE vertical section along the fault (from Amato ez al., 1992).

contrast between high velocities in the south-
western region and low velocities in the north-
eastern area. The HVZ, striking NW-SE, ap-
proximately corresponds with the location at
depth of the fault that ruptured during the
mainshock. In layer 3 (9 km deep) we still find
a positive anomaly in the seismogenic region,
confined by low velocities in the surrounding.
The crustal structure appears more homoge-
neous than in the shallower layers.

4.3. Irpinia: velocity images and mainshock

At the depth of the mainshock nucleation
(~ 10 km, Westaway and Jackson, 1987), we
observe that the seismogenic structure lies
within the high velocity. The ruptured area is
confined by lower velocities, and is depicted
by the extension of the HVZ. We associate
high velocity with the presence of high
strength rocks that release energy with sudden
brittle failure, and are likely to produce large
events.

At shallower depth, the structural hetero-
geneities increase along the fault as shown by
tomograms (see fig. 7a,b). This is due to a
highly heterogeneous structural setting where
several thrust faults and folds developed during
the formation of the Apenninic chain. The up-
per crustal structure here is composed of car-
bonate units overthrusted on flysch sequences,

which are locally collapsed in shallow basins,
giving rise to a lithologic puzzle. The relative
homogeneity in the deep basement (8-10 km
depth) evident in layer 3 is interrupted at shal-
lower depth by the strongly deformed Apen-
ninic units. Thus, the heterogeneous distribu-
tion of materials with different frictional prop-
erties separates zones where unstable sliding
may occur from zones governed by stable slid-
ing. The former, characterized by high veloci-
ties, correspond to areas with large coseismic
slip on the fault (Cocco and Pacor, 1993), and
surface rupture (Pantosti and Valensise, 1990).
Conversely, the LVZ at 6 and 3 km depths be-
neath the Sele Valley and S. Gregorio can be
related to weak materials undergoing stable
slip. In these two zones a deficit of slip on the
fault, no or little surface rupture, and a weak
aftershock activity are observed.

4.4 Irpinia: velocity images and aftershocks
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The most obvious pattern is the concentra-
tion of aftershocks in the NW-SE HVZ. We
observe that almost no earthquakes occur in
the LVZ beneath the Sele Valley, or to a lesser
extent, beneath S. Gregorio. The stable sliding
mechanism invoked for these two regions im-
plies that the rocks here are not able to accu-
mulate stress and release it by brittle failure.
These two stable areas are probably examples
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Fig. 8. Synthetic sketch of the Irpinia seismogenic zone following the model of Boatwright and Cocco
(1994). Three different areas can be identified from velocity tomograms and other seismologic and geologic
data, representing rocks with different material properties and then rheologic behavior.

of the compliant behavior of Boatwright and
Cocco (1994), whereas the seismogenic zone
acts as a strong region, characterized by large
coseismic slip during large events, and after-
shock clustering. We observe that the largest
aftershocks concentrate at the tips of fault seg-
ments, where stress concentrations develop af-
ter the main rupture due to the heterogeneous
distribution of frictional properties along the
fault.

Figure 8 is a representation of the Irpinia
fault system following the model proposed by
Boatwright and Cocco (1994). A strong region
(S) characterized by large coseismic slip and
aftershocks is predominant at seismogenic
depth. In the uppermost crust (0-5 km) large
lithologic heterogeneities are evident. Two
brittle regions (W) are characterized by after-
shocks and rupture propagation through the

surface, separated by a zone with stable sliding
behavior (C). We hypothesize another compli-
ant (C) region in the southeastern end of the
fault zone. At greater depth (more than 12 km)
viscous (V) behavior characterizes the ductile
lower crust.

5. Conclusions

The review of LET studies in several seis-
mic zones together with the example of the Ir-
pinia earthquake reveals the tendency for seis-
micity to be associated with high velocity re-
gions. High velocities are the expression of
strong fault segments characterized by unstable
slip, whereas low velocities represent weak
rocks with stable slip. Thus, well defined
three-dimensional V,, images enable us to iden-
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tify zones with different rheologic and seismic
characteristics, with the possibility of predict-
ing their behavior. As a future direction, the
extension of seismic tomography to V,/Vs and
attenuation studies will greatly improve our
knowledge of the deep structures and their re-
lation with earthquake occurrence.

We used the Irpinia earthquake as an exam-
ple of how to derive fault heterogeneities from
tomograms. We suggest that lithologic and
structural heterogeneities that developed during
the Apenninic deformation are the main factors
responsible for variations in the seismogenic
behavior at shallow crustal depth. Thus, earth-
quake generation and propagation is controlled
by material property variations along the fault.
Along and across the fault, high velocity
anomalies indicate regions with unstable be-
havior, while low velocity zones are presum-
ably indicative of stable slipping areas. At seis-
mogenic depth, the fault segments character-
ized by high strength are imaged as high veloc-
ity features, enabling us to identify the fault
patches that are expected to generate large
earthquakes.
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