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The spectrum of primitive mafic magma compo-
sitions within the European volcanic province ranges
from melilite nephelinites and melilitites, through
basanites and alkali basalts to subalkaline tholeiites;
these are considered to be the products of variable de-
grees of partial melting of a relatively homogeneous
HIMU-like reservoir within the upper mantle, the Eu-
ropean Asthenospheric Reservoir or EAR. Variations
in the trace element and Sr-Nd-Pb isotopic character-
istics of magmas are consistent with mixing of par-
tial melts from both lithospheric and asthenospheric
mantle sources. A component geochemically similar to
the EAR also exists within the Icelandic plume sys-
tem; this is preferentially sampled by relatively rare,
small degree, partial melts (nephelinites and alkali
basalts). Thus both geophysical and geochemical data
can be used to support a geodynamic link between
the Paleocene-Recent activity of the Icelandic mantle
plume system and the magmatism much further to the
south in western and central Europe.
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For several decades the mantle plume hypothesis has
been the most prevalent model cited as the cause of
the geophysical and geochemical anomalies around Ice-
land. Recently the hypothesis has come under increas-
ing pressure as various workers argue that the apparent
anomalies are not particularly anomalous, and alterna-
tive models, operating entirely within the upper man-
tle, are presented as the causal mechanism.

Seismic tomography provides the only method of
”imaging” 3D mantle structure in situ, and three seis-
mograph networks have been deployed across Iceland to
collect the necessary data. Several velocity images of
the Icelandic mantle using traveltime delays recorded
by these regional networks have been published; all
use ray-theoretical tomographic inversion techniques.
To first-order they are consistent, showing a low ve-
locity anomaly with a horizontal width of a few hun-
dred kilometers, and extending from the surface to the
maximum depth of resolution around ~400 km. How-
ever, small variations in the structure imaged, and in-
herent distortions associated with the inversion tech-
niques, have provided for a range of interpretations.

Here we present constraints on the geometry and
amplitude of the low-velocity anomaly beneath Ice-
land. They are the results of tests using both ray-
theoretical and full 3D wave propagation methods de-
signed to test the extent to which the anomaly can be
bent and squeezed. Ray-theoretical tests to squeeze the
low-velocity anomaly both horizontally and vertically
show that low-velocities are required to at least 350 km
depth. They also suggest that the traveltime dataset
could be satisfied by a narrow low velocity column, 100
km in diameter. Using the Spectral Element Method
(SEM) we calculate synthetic waveforms and traveltime
delays for stations across Iceland given various anomaly
geometries. The SEM delay maps show a much broader
delay footprint than ray-theoretical calculations would
predict, implying that the Iceland anomaly could be
about half the width of the ray-theoretical tomography
results. However, the amplitude of the delays is also
significantly reduced for narrow anomalies. We con-
clude that the Iceland low-velocity anomaly must ex-
tent to at least 350 km depth, is 100 to 200 km wide
and does not extend laterally along the North Atlantic
Ridge.

URL: http://www.geology.wisc.edu/~rallen
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There is currently a disagreement within the geo-
physical community on the way earthquake energy
scales with magnitude. One set of recent papers finds
evidence that energy release per seismic moment (ap-
parent stress) is constant (e.g. Choy and Boatwright,
1995; McGarr, 1999; Ide and Beroza, 2001). Another
set of recent papers finds the apparent stress increases
with magnitude (e.g. Kanamori et al., 1993 Aber-
crombie, 1995; Mayeda and Walter, 1996; Izutani and
Kanamori, 2001). The resolution of this issue is compli-
cated by the difficulty of accurately accounting for and
determining the seismic energy radiated by earthquakes
over a wide range of event sizes in a consistent man-
ner. We have just started a project to reexamine this
issue by analyzing aftershock sequences in the West-
ern U.S. and Turkey using two different techniques.
First we examine the observed regional S-wave spectra
by fitting with a parametric model (Walter and Tay-
lor, 2002) with and without variable stress drop scal-
ing. Because the aftershock sequences have common
stations and paths we can examine the S-wave spec-
tra of events by size to determine what type of appar-
ent stress scaling, if any, is most consistent with the
data. Second we use regional coda envelope techniques
(e.g. Mayeda and Walter, 1996; Mayeda et al, 2002)
on the same events to directly measure energy and mo-
ment. The coda techniques corrects for path and site
effects using an empirical Green function technique and
independent calibration with surface wave derived mo-
ments. Our hope is that by carefully analyzing a very
large number of events in a consistent manner using two
different techniques we can start to resolve this appar-
ent stress scaling issue.

This work was performed under the auspices of the
U.S. Department of Energy by the University of Cali-
fornia, Lawrence Livermore National Laboratory under
Contract No. W-7405-Eng-48.
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Large and small earthquakes are generally believed
to be similar because of the ‘“constant-static-stress-
drop (Aocg)” scaling relation. Here, we address this
question in light of other seismological parameters.
First, is Aog really scale independent, as is generally
believed? The estimate of Aog depends critically on
the length scale of the source, L. For large events, L
is usually well determined, and the estimates of Aog is
probably reliable. For small earthquakes, however, L is
not determined directly, but is inferred from the corner
frequency or duration of an earthquake, with the im-
plicit assumption that rupture speed, V, is comparable
to S wave speed, 8. Although V is close to 3 for large
earthquakes, V is not known for small earthquakes. If
V is smaller (or larger) for small earthquakes, then Ao g
can be larger (or smaller) than generally believed. The
fast rupture speed for large earthquakes is in striking
contrast with the slow rupture speed, V < 0.4 3, mea-
sured for laboratory samples. The ratio, &, of radiated
energy, EpR, to seismic moment, Mg (this ratio mul-
tiplied by rigidity, p, is traditionally called “apparent
stress”) exhibits large variations among different data
sets. Estimates of €, especially for small earthquakes,
are subject to large uncertainties mainly because of the
difficulty in estimating E R accurately. Some variations
are attributed to inaccurate estimates of Ep, but ex-
isting data still seem to suggest that small earthquakes
have generally smaller & than large earthquakes. How-
ever, the ratio, &, alone does not necessarily represent
the dynamical property of earthquakes. A better pa-
rameter is the fracture energy, E(, or the radiation
efficiency, np = ER/(ER + Eg) = 2é/(Aos/n). For
large earthquakes, np and Eg can be estimated fairly
accurately from macroscopic source parameters such
as Ep, Mg, and Acg The values of np estimated
for most large earthquakes are larger than 0.3, which
means that the fracture energy, E, is smaller than,
or comparable to Ep. This is consistent with the ob-
served high rupture speed, V. For small earthquakes,
if V is smaller than that for large earthquakes, then
Aocs is larger, and np is smaller, even if & is about
the same between large and small earthquakes. In this
case, the slower rupture speed V is consistent with the
smaller np. These results, together with the various lu-
brication mechanisms that may work at large fault slip
and slip velocity, suggest that large earthquake rup-
tures are more likely to run away. Also, the dynamics of
faulting can be significantly different between large and
small earthquakes, which means that ground motions
of large earthquakes cannot be estimated from those
of small earthquakes by direct extrapolation. However,
this question is far from being resolved, and more pre-
cise determinations of rupture speed, source dimension
and radiated energy, are required to resolve it.
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Measuring reliable and accurate source parameters
for small earthquakes (M<3) is a long term goal for
seismologists. Small earthquakes are important as
they bridge the gap between laboratory measurements
of stick-slip sliding and large damaging earthquakes.
They also provide insights into the nucleation process
of unstable slip. Unfortunately, uncertainties in such
parameters as the stress drop and radiated energy of
small earthquakes are as large as an order of magnitude.
This is a consequence of the high frequency radiation
(> 100 Hz) needed to resolve the source process. High
frequency energy is severely attenuated and distorted
along the ray path. The best records of small earth-
quakes are from deep (> 1lkm) boreholes and mines,
where the waves are recorded before passing through
the near-surface rocks. Abercrombie (1995) and Pre-
jean & Ellsworth (2001) used such deep recordings to
investigate source scaling and discovered that the ra-
diated energy is a significantly smaller fraction of the
total energy than for larger earthquakes. Richardson
& Jordan (2002) obtained a similar result from seis-
mograms recorded in deep mines. Ide & Beroza (2001)
investigated the effect of limited recording bandwidth
in such studies and found that there was evidence of
selection bias. Recalculating the source parameters
of earthquakes recorded in the Cajon Pass borehole,
correcting for the limited bandwidth, does not remove
the scale dependence. Ide etal. (2002) used empirical
Greens function methods to improve source parameter
estimates, and found that even deep borehole record-
ing is not a guarantee of negligible site effects. An-
other problem is that the lack of multiple recordings of
small earthquakes means that very simple source mod-
els have to be used to calculate source parameters. The
rupture velocity must also be assumed. There are still
significant differences (nearly a factor of 10 in stress
drop) between the predictions of even the simple mod-
els commonly in use. Here I assess the uncertainties
in available estimates of source parameters for small
earthquakes and consider the implications that they
have for earthquake rupture dynamics and nucleation.
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The radiated seismic energy density of an earth-
quake is peaked around the corner frequency of the
earthquake. Since earthquake corner frequencies vary
with earthquake size, seismic energy is distributed over
a wide range of frequencies. It can be difficult to dis-
cern the nature of scaling of seismic energy because
seismic energy estimates must account for the wave
propagation effects this same wide range of frequen-
cies. Despite the difficulties, studies in recent years
have shown that many of the discrepancies between,
for example, regional and teleseismic energy estimates
for the same earthquake can be resolved if propagation
effects are properly accounted for. In some instances,
simply accounting for site response has resolved large
discrepencies between estimates based on regional ver-
sus teleseismic data. In others, accounting for propa-
gation effects empirically, either by empirical Green’s
function deconvolution or by spectral ratio analysis,
has greatly reduced previous discrepancies in radiated
energy.

Improved energy estimates should more clearly illu-
minate the nature of the scaling of energy with seismic
moment. For example, Ide and Beroza [Does apparent
stress vary with earthquake size?, Geophys. Res. Lett.,
3349-3352, 2001] suggested that the scaling of radiated
energy of microearthquakes reported in some studies
might be an artifact of magnitude-dependent biases in
the analysis. Better energy estimates should also help
shed light on a related issue of whether observed large

Cite abstracts as: Eos. Trans. AGU, 83(47), Fall Meet. Suppl., Abstract #####-#F, 2002.



variations in apparent stress for earthquakes of a given
size are real and if so, what these variations reveal
about the earthquake source.

URL: http://pangea.stanford.edu/ beroza/
energy.html
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Previous studies used seismic energy to moment ra-
tios for datasets of large earthquakes as a useful dis-
criminant for tsunami earthquakes. We extend this
idea of a ”slowness” discriminant to a large dataset of
subduction zone underthrusting earthquakes. We de-
termined estimates of energy release in these shallow
earthquakes using a large dataset of source time func-
tions. This dataset contains source time functions for
418 shallow (< 70 km depth) earthquakes ranging from
Mw 5.5 - 8.0 from 14 circum-Pacific subduction zones.
Also included are tsunami earthquakes for which source
time functions are available. We calculate energy us-
ing two methods, a substitution of a simplified triangle
and integration of the original source time function. In
the first method, we use a triangle substitution of peak
moment and duration to find a minimum estimate of
energy. The other method incorporates more of the
source time function information and can be influenced
by source time function complexity. We examine pat-
terns in source time function complexity with respect
to the energy estimates. For comparison with other
earthquake parameters, it is useful to remove the effect
of seismic moment on the energy estimates. We use the
seismic energy to moment ratio (E/Mo) to highlight
variations with depth, moment, and subduction zone.
There is significant scatter in this ratio using both
methods of energy calculation. We observe a slight in-
crease in E/Mo with increasing Mw. There is not much
variation in E/Mo with depth seen in entire dataset.
However, a slight increase in E/Mo with depth is ap-
parent in a few subduction zones such as Alaska, Cen-
tral America, and Peru. An average E/Mo of 5x10e-6
roughly characterizes this shallow earthquake dataset,
although with a factor of 10 scatter. This value is
within about a factor of 2 of E/Mo ratios determined
by Choy and Boatwright (1995). Tsunami earthquakes
suggest an average E/Mo of 2x10e-7, significantly lower
than the average for the shallow earthquake dataset. In
addition, we also examine several large shallow earth-
quakes with relatively low E/Mo in order to compare
these events with tsunami earthquakes as well as char-
acteristics of the subduction underthrust zone.
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We develop an algorithm quantifying the energy flux

of T phases recorded at island stations following major
teleseismic events, which we further scale by the seis-
mic moment of the earthquake, to define a T-phase ef-
ficiency, GAMMA. We apply this concept to a set of
six recognized tsunami earthquakes, which generated
tsunamis larger than expected from their conventional
seismic waves. Through comparison with nearby refer-
ence events whose T waves were recorded at the same
sites, we find that the tsunami earthquakes exhibit a
deficiency in GAMMA ranging from 1.5 to 2.5 orders
of magnitude. This result settles a 50-year old contro-
versy on the possible correlation between T-wave gen-
eration and tsunami genesis. The deficient character
of the T waves from tsunami earthquakes readily sup-
ports the proposed model of an exceedingly slow rup-
ture velocity for this class of events, and the close ex-
amination of T wavetrains supports the concept of a
jerky rupture in at least two cases. We also show that
T waves observed in Hawaii after the great 1946 Aleu-
tian earthquake are too late, by about 29 minutes to

be attributed to the mainshock, but rather were gener-
ated by anaftershock. This is in line with the extremely
slow character of the mainshock as a charter “tsunami
earthquake”. The computation of GAMMA is straight-
forward in real time, and could become a valuable con-
tribution to real-time tsunami warning in the far field.
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The seismic energy associated with an earthquake
has two representations: the work of the seismic waves
done against a distant surface or a fault representation.
For a fault subject to slip-weakening friction, the en-
ergy density is the difference between an elastostatic
work and a work density spent in fracture and relax-
ation. We apply this to a dynamic simulation of the
1979 Imperial Valley earthquake, whose initial condi-
tions are inspired by previous kinematic studies. A
large area of the fault has a negative energy density,
and the emission of energy is roughly confined to small
parts of the fault with large positive energy density. We
compute the work of the seismic waves against the sur-
face of a sphere enclosing the source, and we find the
same amount of energy. We produce a map of energy
directivity that shows that 40 % of the energy passes
through only 6.5 % of the sphere.
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‘We have developed a magnitude calibration method-
ology for sparsely distributed regional stations using
narrow band coda envelopes. This approach has most
recently been applied to IMS stations located in Is-
rael, Jordan and Egypt for events which span local
and near regional distances with magnitudes ranging
between Mw 3.0 to 5.0. Our preliminary results show
that a magnitude estimate from one station using the
coda is equivalent to a network average of roughly 9 sta-
tions when using traditional magnitudes (e.g., mb(P),
ML, Md). The stability of the coda comes from mea-
suring a long length of coda using a calibrated syn-
thetic envelope as an empirical metric. We relate the
non-dimensional coda amplitudes to an absolute scale
by tying them to independent moment estimates from
larger waveform-modeled events. Unlike most narrow
band magnitudes, this approach yields an azimuthally-
averaged moment-rate spectrum that is completely cor-
rected for path and site effects. The resultant mag-
nitudes from the spectra (e.g., Mw and mb) are fully
transportable and do not suffer from regional bias. For
small regional events (mb < 4.5), a stable, accurate
magnitude is essential in the development of realistic
detection threshold curves, formation of an Ms:mb dis-
criminant, and accurate yield determination. Our cali-
bration methodology is purely empirical. Rather than
rely on the numerous assumptions that are built into
the myriad of coda scattering models, we empirically
find the distance-dependent velocity and coda shape
factors. Since our events span both local and regional
distances there is good reason not to assume that coda
energy is homogeneously distributed in space, a com-
mon assumption in previous local distance coda stud-
ies. For the narrow band envelopes, we parameterize
the peak S (or Lg) velocity as a function of distance as
well as coda envelope shape factors. We find that for a
given source, the coda amplitude is virtually constant
for the first 100 to 150 km from the source but then
decays with increasing distance. This is likely a result
of the scattered waves transitioning from a 3-D (local
S waves) to 2-D waveguide (Lg coda waves). This ob-
servation is consistent with previous local distance (<
150 km) coda studies that concluded that the coda en-
ergy is homogeneously distributed in space behind the
direct wave front.

2002 Fall Meeting F1025

*This work was performed under the auspices of the
U.S. Department of Energy by the University of Cali-
fornia Lawrence Livermore National Laboratory under
contract No. W-7405-Eng-48. UCRL-JC-141977 Abs

S71E-09 1105h

Energy Budget of the 1999 Chichi,
Taiwan Earthquake

Jim Moril (81-774-38-4205;
mori@rcep.dpri.kyoto-u.ac.jp)

Hidemi Tanaka? (tanaka@eps.u-tokyo.ac.jp)

IDisaster Prevention Research Institute, Kyoto Uni-
versity, Gokasho, Uji, Kyoto 611-0011, Japan

2Dept.  of Earth and Planetary Sciences, Univ.
of Tokyo, Hongo 7-3-1, Bunkyo, Tokyo 113-8656,
Japan

We examined the energy balance of the 1999 Chichi,
Taiwan earthquake (Mw 7.6) using several estimates
of radiated and thermal energy. Estimates of radi-
ated energy from regional seismograms give a value
of about 1.0x1016 joules. The static stress drop from
the total moment and the fault area is about 3 MPa.
Temperature measurements from 2 shallow boreholes in
the northern and southern sections of the fault show
temperature profiles that increase across the narrow
fault zone. If we assume this temperature increase
was caused by frictional heating during faulting of the
earthquake, thermal modeling gives the results that
the fault generated 2.5 x10% joules per square meter
in the north and 4.5 x 10% joules per square meter in
the south. If these frictional values are extrapolated
to depth, using higher normal pressure, we estimate
that the earthquake produced a total of about 2 x 1017
joules of frictional heat. Adding the radiated and ther-
mal energy gives a total energy of the earthquake (ne-
glecting the fracture energy) of about 2.1 x 1017 joules.
This implies an average seismic efficiency is about 5%.

The average energy values for the earthquake can
be quite different from the energy balance on smaller
portions of the fault. For example, most of the radiated
energy is generated by a large asperity on the northern
part of the fault, which has an area that is about 20%
of the whole fault surface. For this region of large slip,
it has been suggested that the dynamic friction may be
very low. If we use a value of 0.2 for the coefficient of
friction, which is consistent with the borehole tempera-
ture data, the thermal energy for region of the asperity
will be about 3x1016 joules and the seismic efficiency
for the asperity is about 30%, which is much higher
than the average value for the whole earthquake.
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Mining-induced seismicity provides an important
link between the laboratory and natural tectonic pro-
cesses because it includes both fresh-fracturing events
and those dominated by frictional slip. We have studied
a dataset of such events that occurred between 1994-
1999 in the Far West Rand gold-mining region of South
Africa, approximately 80 km southwest of Johannes-
burg, at depths between 1.5 - 4 km. This depth range
is comparable to that of borehole studies in Califor-
nia and to the target depth of the SAFOD experiment.
These mining-induced events were recorded by five net-
works of 109 three-component geophones installed at
depth throughout the active mining environment.

Using the method of Andrews (1986), we calcu-
lated source parameters for 228 mining-induced events
in the range of —0.7 < M < 2.8 in which M is
moment-magnitude. We find that fracturing and fric-
tional events have distinctly different source scaling
properties. The apparent stress of fracturing events de-
creases with seismic moment, and the apparent stress
of friction-dominated events scales as Ml/6 up to
M =~ 5. From these observations of apparent stress
and of “apparent” stress drop, we develop a qua-
sistatic model of earthquake nucleation and rupture
for friction-dominated events in which fracture energy
scales with stress intensity factor at the crack tip. As-
suming slip weakening conditions and constant stress
drop, this model predicts an increase in rupture veloc-
ity with event size, which is corroborrated by measure-
ments of maximum particle velocity in the near field.
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Slip models developed for major earthquakes are
composed of distributions of fault slip, rupture time,
and slip velocity time function over the rupture sur-
face, as divided into many smaller subfaults. Using
a recently-developed technique, the seismic energy ra-
diated from each subfault can be estimated from the
time history of slip there and the average rupture ve-
locity. Total seismic energies, calculated by summing
contributions from all of the subfaults, agree reason-
ably well with independent estimates based on seismic
energy flux in the far-field at regional or teleseismic
distances. Two recent examples are the 1999 Izmit,
Turkey and the 1999 Hector Mine, California earth-
quakes for which the NEIS teleseismic measurements
of radiated energy agree fairly closely with seismic en-
ergy estimates from several different slip models, de-
veloped by others, for each of these events. Similar
remarks apply to the 1989 Loma Prieta, 1992 Landers,
and 1995 Kobe earthquakes. Apparent stresses calcu-
lated from these energy and moment results do not
indicate any moment or magnitude dependence. The
distributions of both fault slip and seismic energy ra-
diation over the rupture surfaces of earthquakes are
highly inhomogeneous. These results from slip mod-
els, combined with underground and seismic observa-
tions of slip for much smaller mining-induced earth-
quakes, can provide stronger constraint on the possi-
ble scaling of apparent stress with moment magnitude
M or seismic moment. Slip models for major earth-
quakes in the range M6.2 to M7.4 show maximum slips
ranging from 1.6 to 8 m. Mining-induced earthquakes
at depths near 2000 m in South Africa are associated
with peak slips of 0.2 to 0.37 m for events of M4.4 to
M4.6. These maximum slips, whether derived from a
slip model or directly observed underground in a deep
gold mine, scale quite definitively as the cube root of
the seismic moment. In contrast, peak slip rates (max-
imum subfault slip/rise time) appear to be scale in-
variant. A 1.25 m/s slip rate for one of the mining-
induced earthquakes was estimated by dividing the cor-
responding slip observed at depth by the duration of
the seismically-recorded slip pulse. Peak slip rates de-
termined from the slip models for the major earth-
quakes are similar, ranging from about 0.8 to 4.8 m/s.
Thus, for earthquakes in the moment magnitude range
4.4 to 7.4, the peak slip rate shows no dependence on
M. Whatever variation there is in slip rate is proba-
bly due to factors related to the strength of the seis-
mogenic rock mass such as depth.
support the idea that apparent stress does not vary sys-

These observations

tematically with seismic moment inasmuch as the ap-
parent stress is determined by slip rate. Indeed, our
finding that fault behavior of M4.4 earthquakes can be
scaled readily to events of M greater than 7 with slips
up to about 8 m suggests, quite persuasively, that the
source physics for crustal earthquakes is much the same
over this magnitude range. Interestingly, the mining-
induced earthquakes involved brittle failure across very
old pre-existing faults for which the cohesive strength
is high and the pore pressure is zero, due to mining
operations.
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Estimating the energy released by an earthquake is
a difficult problem because reliable data for the en-
tire frequency spectrum of the source are generally not
available. This difficulty is often circumvented by mak-
ing various assumptions about the source and its spec-
trum, the most common being that stress, slip, and
hence energy release are rather uniformly distributed
over the fault surface. However, recent empirical and
theoretical studies of small and moderate sized repeat-
ing earthquakes have raised questions about this gen-
eral assumption of a homogeneous earthquake source.
Observations that the repeat times for small repeating
earthquakes along the San Andreas fault near Parkfield
and Stone Canyon scale with the scalar moment to the
1/6 power can be explained by an asperity model of an
earthquake based upon the analytical solution to the
exterior crack problem. A characteristic of this asperity
model is a very heterogeneous stress field, one that can
not be described by a single parameter such as stress
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drop. This asperity model has been extended to include
an estimate of energy release and it has been found
that energy scales with the scalar moment to the - 1/3
power. This appears to argue for nonconstant scaling
of apparent stress with moment, although the scaling
of energy release could be offset by an opposite scal-
ing of seismic efficiency, a parameter not constrained
by our approach. Another interesting possibility sug-
gested by the asperity model is that the moment and
energy observed in the far field may have derived their
major contributions from rather different parts of the
fault.
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In the present study seismic reflection techniques
and high resolution seismic tomography are combined
to determine location and geometry of shallow low ve-
locity anomalies. Underground cavities (mines), wa-
ter flows (formation with loose sand), etc. are geo-
logic features characterized by slow seismic velocities
and are targets of considerable social interest. Theo-
retical considerations (Snell’s law) suggest that low ve-
locity anomalies are undersampled and therefore badly
resolved by ray tracing methods. A series of synthetics
simulations have been carried out to asses the resolv-
ing power of the different methodologies. A 400m X 50m
two dimensional velocity model consisting of a back-
ground velocity gradient in depth from 3000 to 4000
m/s which included a rectangular low velocity anomaly
(300 m/s). This anomaly was placed between 10m and
30m in depth and between 180m and 220m in length.
The synthetic data calculation and the tomographic in-
version have been done with absolutely independent
programs. The data has been created using a 2D finite
differences wave propagation acoustic algorithm. The
tomographic inversion has been performed using two
different software packages. The first one uses a combi-
nation of ray tracing a finite differences schemes to es-
timate the forward problem and an iterative conjugate
gradient matrix solver to calculate the inverse. The
second software package uses a modified Vidale scheme
(Eikonal equation) to solve the forward problem and
a LSQR to solve the inverse problem. The synthetic
data were used for the inversions and for the genera-
tion of a conventional stacked section simulating a high
resolution seismic reflection transect along the velocity
model. The conventional stack images the diffractions
caused by the velocity anomaly, which provided the lo-
cation and extent of the low velocity anomaly. The
inversions schemes provided estimates of the velocities,
however, the tomograms and the ray tracing diagrams
indicated a low resolution for the anomaly.
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Wave equation datuming was used as a substitute
to conventional refraction static corrections. This re-
sulted in improved 2-dimensional high resolution seis-
mic reflection images. A high resolution seismic reflec-
tion data set forms a multi-seismic data acquisition ex-
periment in southwestern Iberian Peninsula that was
used to test this processing scheme. The data was ac-
quired with the aim of characterizing and mapping the
fracturation of a granitic body (Albala pluton). An
accurate near surface velocity model was derived from

high-resolution seismic tomography using the travel-
times and the locations of sources and receivers as ini-
tial parameters. The tomographic algorithm uses a for-
ward travel time calculation based on a finite difference
algorithm and solves the linearized inverse problem by
iterative conjugate gradient matrix solvers. The advan-
tage of using wave equation datuming over refraction
statics it properly propagates the recorded wavefield to
the new datum, instead of applying vertical time shift
to the data traces. This fact improves the signal-to-
noise (S/N) ratio of the shot gathers and restores reflec-
tions and diffractions, providing better seismic images.
The study area is characterized by strongly variable
near-surface velocities and rugged surface topography.
The stacked sections show a prominent dipping reflec-
tor that correlates with the main structure of the study
area, North Fault. The diffractions correlate with sub-
vertical structures (i.e.dikes) identified at surface.
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MITI Research Well 'Nankai Trough’ was drilled at
offshore Tokai Japan in 1999/2000 and the existence of
gas hydrate was confirmed by various proofs through
borehole measurement or coring. It gave so big im-
pact to the view of Japanfs future energy resources
and other scientific interests.The METI, Ministry of
Economy, Trade and Industry, has started the national
project ”Methane Hydrate Exploration study” in Japan
since the fall 2001.

Bottom Simulating Reflectors (BSRs) were widely
found on the marine seismic data acquired offshore
Japan especially in the shelf-slope near Nankai Trough.
BSRs are thought to be the bottom of gas hydrate sta-
bility zones, we cannot, however, get the information of
gas hydrate bearing zones, such as the height of those,
the porosity, the gas hydrate saturation etc, only from
BSRs. In order to estimate the amount of gas hydrate
accurately, we have to get those reservoir parameters
of gas hydrate bearing zones from marine seismic data.
The velocity of these zones is greater than that of the
surrounding sediment, because pure gas hydrate has
high velocity that is more than 3,000 m/s. This means
the interval velocity is the key for exploration of gas
hydrate.

First, we have tried to image the gas hydrate bear-
ing zones from seismic stacking velocity analysis. After
the conversion to interval velocity from NMO velocity
by Dix’s equation, we imaged the P-wave velocity sec-
tion through 2D seismic line. We successfully imaged
high velocity zones above BSRs and low velocity zones
beneath BSRs on P-wave velocity section. But the res-
olution of the section from the velocity analysis is not
so high. Although we have only two adjacent well log
data on the seismic line, in order to make more detailed
map, we tried to execute the seismic impedance inver-
sion with MITI Nankai Trough Well data. We made a
simple initial model and inverted to seismic impedance
value. We got the good impedance section and delin-
eated the gas hydrate bearing zones through it. JNOC,
Japan National Oil Corporation, and METI conducted
three 3D seismic surveys at offshore Tokai Japan in
2002 and they will drilled some research well at the
same area from 2003 to 2004. We hope to image 3D
gas hydrate bearing layers from the 3D seismic data and
well results. To image the gas hydrate bearing zones,
we will try to detect interval velocities from seismic
data and to resolve much higher, we are planning to
execute the multi-seismic attribute analysis and AVO
inversion.
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