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Current tomographic models of the Earth display
perturbations to a radially stratified reference model.
However, if there is a chemically dense structure at
the base of the mantle with low thermal expansivity,
high conductivity, and viscosity, and low Rayleigh num-
ber (Anderson , 2002), it will develop enormous re-
lief, perhaps with boundaries closer to vertical than
radial (Davaille , 1999). Typically, we plot record sec-
tions of seismograms (data shifted in distance for align-
ment) when exploring for horizontal structure and in
azimuth (fan-shots) when searching for vertical struc-
ture. Such plots for various S-phases gathered from
the South African Array show more orderliness in az-
imuth than in distance indicating a preponderance of
vertical structure and can be explained with a large-
scale ridge-like velocity anomaly beneath Africa. Con-
ventional record sections show sharp jumps in slow-
ness when ray paths cross the structured boundaries
at right angles. Paths crossing at other angles usually
display multi-pathing (complex waveforms) which can
be modeled by 3D methods involving sharp boundaries.
The geometry for such paths control the multi-pathing
and dictates a preferred orientation of data assembling.
Vectors produced in this manner point towards the cen-
ter of the ridge-structure. The structure starts from the
southern Indian Ocean and extends a few thousand km
northwestward into the Atlantic Ocean, with its base
on the core mantle boundary rising about 1200km into
the mid-mantle. The structure has a 3% in shear ve-
locity, while the compressional velocity is PREM-like.
Sharp and vertical boundaries, anomalous P/S ratio,
possible increased density and huge volume all support
a chemical origin of the structure

T24A-04 1615h

The Evolution of Small, Cool Plumes in
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There has been significant debate recently over
the attributes and even existence of mantle plumes.
Among the arguments being raised against plume-like
upwellings are that models of both heads and tails sug-
gest plumes may be overly hot and volumetrically too
large to match surface observables. Results are pre-
sented from numerical experiments on the growth, rise
and dispersion of mantle plumes. We use a finite el-
ement method to solve for the conservation of mass,
momentum and energy, as well as chemical transport.
Models include distributions of eclogite and harzbur-
gite material within the plume source region (e.g. D′′).
This material is heavy and light with respect to am-
bient mantle at similar temperatures. The 670 km
boundary is represented as a phase and/or a chemical
interface. Results show the evolution of plumes with
distinct morphologies from the D′′ thermal boundary
layer. One mode involves the growth and rise of rela-
tively cool, small-headed plumes driven by the buoyant
harzburgite component. Results also show the 670 km
boundary may act as an efficient warm-pass filter for
rising plumes that also modulates the chemical mixture
within the plume as it passes through the upper man-
tle. Both a chemically heterogeneous source region and
filtering influence of the 670 km interface may result in
near-surface plumes that are relatively small and cool.
These features generate short, low-amplitude crustal
production events.
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Large Igneous Provinces (LIPs) result from local
catastrophically rapid dissipation of great quantities
of internal heat. LIPs are overwhelmingly of basaltic
affinity representing partial melting of the mantle at
shallow depths but whether any of the heat or ma-
terial involved in the generation of LIP rocks comes
from great depth has remained controversial. To ad-
dress this fundamental issue we restored 25 LIPs of
the past 200 My to their eruption sites using a new
global palaeomagnetic reference model. 90% of the

LIPs, when erupted, lay above low-velocity seismic-
shear-wave regions of the D” zone just above the Core-
Mantle Boundary (CMB) and 50% overlay CMB low-
velocity regions with delta Vs <= −1%. Considering
the modifying effects of plume advection, palaeolongi-
tudinal uncertainty and plate circuit errors, the major-
ity of the restored LIPs may in fact overlie regions with
delta Vs <= −1%. Because those low velocity regions
occupy only 27% of the D” zone, the concentration of
LIPs above them indicates that the low velocity (hot-
ter ?) regions are the sources of the mantle plumes
that generated the LIPs. We demonstrate that most
LIPs of the past 200 My owe their origin to plumes
that rose from low-velocity regions of the lower man-
tle, and that this long-term association indicates that
the low-velocity regions have been relatively stationary
with respect to the Earth’s spin-axis and the core since
the Early Jurassic.
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Geochemical evidence suggests that the Tertiary

basalts along the East African Rift were created by
two series of volcanic eruptions from separated man-
tle sources. The basalts in Tanzania, Kenya, and
southern Ethiopia were attributed to the Kenya man-
tle plume initiated 45 Myr ago, while the Ethiopia-
Yemen basalts were products of the younger (31 Ma)
Afar plume. We carry out numerical modeling to inves-
tigate how this double plume system, the Tanzania cra-
ton, and the African plate motion interplay to result in
the spatial-time pattern of magmatism observed. The
African plate motion and the Tanzania craton were im-
plemented as known physical parameters. The models
were then tuned on the locations and strengths of the
plumes and the range of rheology of the upper man-
tle against two critical observations: the coexistence
of basalts derived directly or indirectly from the two
plumes in southern Ethiopia, and buoyancy flux esti-
mation of the Afar plume. The confrontation between
plumes will generate an approximately stationary stag-
nant streamline between the plumes. Therefore, the
plume head material will not mix or underplate each
other, making the isolation of the mantle sources for
melting. With the plausible physical parameters, our
preferred model can generate a good match for the spa-
tial and temporal magma distribution in Ethiopia and
Yemen. The south-coming Tanzania craton and the ex-
panding flow front of the Afar plume together deflect
the Kenya plume material to the sense of asymmetry.
However, it is insufficient to explain the observation
in which the abundant magmatism along the eastern
branch vs. little on the western branch of the rift. The
plume has been eroding the cratonic root since 20 Ma.
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Fundamental understanding of how fluid-pressure
driven fractures progressively nucleate and propagate
is crucial to understanding a range of crustal weak-
ening processes. We report measurements of acoustic
emissions generated during formation and growth of
fluid-pressure driven fractures in cylindrical samples of
Darley Dale sandstone (100mm long x 40mm diameter)
that were co-axially pre-drilled with an 8mm hole in
order to allow an internal pressure to be applied. The
experiments were performed in a triaxial cell at a con-
fining pressure of 6.5MPa. A set of 3 to 6 fractures
initiate at the wall of the internal bore at a fluid pres-
sure around three times that of the confining pressure,
but only 3 propagate to the outer wall of the sample at
approximately 120◦ to each other. Time and spatial
distributions of acoustic emissions show two distinct
bursts of activity, associated with initiation and prop-
agation, respectively.A Particle Flow Code (PFC) has
been used to model the micro-mechanical behaviour of
hydrofracturing in sandstone. Micro parameters (par-
ticle stiffness, bond strengths, particle packing, etc.)
dictate the macro behavior of the material. The models
are fully dynamic, and an explicit calculation scheme
is used such that stored strain energy can be released
from contacts when bonds break and simulated AE can
propagate through the system. The numerical model
quantitatively reproduces the most important features
of the time and spatial distribution of AE observed in
the laboratory experiments. This suggests that, for a
relatively homogeneous rock in an axisymmetric stress
field, the propagation of three evenly distributed radial
fractures may represent the most efficient geometry for
energy dissipation.
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Previous DEM (Distinct Element Method) simula-
tions of granular shear have qualitatively reproduced
experimental observations of shear zone deformation
and also provided insight into the frictional behavior
of fault gouge. Gouge deformation, however, was ac-
commodated by grain rolling and sliding alone, with
no grain comminution. We examine the influences
of grain comminution on frictional behavior of simu-
lated fault gouge using DEM including breakable bonds
between adjacent particles. In this way, arbitrarily
shaped grains can be generated to reproduce more re-
alistic fault gouge, and grain size and shape can evolve
by grain fracture during shear. Two types of grains,
rounded grains composed of 7 close-packed spherical
particles and triangular grains composed of 6 close-
packed spherical particles were designed to generate
quartz gouge; Four different grain sizes were generated
using four different particle sizes. Both the rounded
and triangular grain have four breakable bonds and
can break down into two irregular-shaped subgrains
due to tensile and shear forces during shear, allowing
for a wide range of grain sizes and shapes. DEM ex-
periments were conducted by shearing identical gran-
ular assemblages composed of either the rounded or
triangular grains under identical boundary conditions
(i.e., wall surface roughness), over a range of normal
stresses from 5 MPa to 100 MPa. The results show
that the intensity of grain comminution is not only a
function of normal stress, but also strongly dependent
on grain shape. The triangular grains are much eas-
ier to break down at certain normal stresses than the
rounded grains, a result of the smaller number of inter-
grain contacts and higher contact forces. The proba-
bility of breakage of the smallest grains is much higher
than for the larger grains. The results support the con-
strained comminution mechanism in which the proba-
bility of particle fracture is strongly dependent on the
relative size of nearest neighbors. As a less expen-
sive deformation mechanism than rolling and sliding
at high stress, our results demonstrate that comminu-
tion itself weakens the deformed granular assemblage.
On the other hand, because comminution also changes
grain shape and size, it increases the frictional strength
of granular assemblage by increasing grain angularity.
Grain shape becomes the most important factor that
affects the frictional strength of fault gouge.
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Field observations and laboratory experiments have
recently documented the formation of compaction
bands in porous sandstones ([Mollema and Antonellini,
1996],[Olsson and Holcomb, 2000], [Besuelle, 2001a],
[Klein et al., 2001]). It has been observed experimen-
tally ([Wong et al., 2001], [Baud et al., 2003],[Fortin et
al., 2003] that under axisymmetric compression, com-
paction bands develop sub-perpendicular to the main
compressive stress which is predicted theoretically in
the framework of strain localization theory ([Bésuelle,
2001a],[Issen and Rudnicki, 2000]).
Volumetric strain, fluid transport and elastic proper-
ties are intimately coupled to one another, for they all
depend on few intrinsic parameters such as the poros-
ity, the crack density, and the matrix and fluid elastic
properties. On one hand, [Scott et al., 1993] showed
that elastic wave velocities were clearly affected during
the deformation of porous sandstones. On the other
hand, [Zhu and Wong, 1997] showed that the rela-
tion between the evolution of permeability and volu-
metric strain during compaction of sandstones was not
straightforward.
In this tudy, we present for the first time the simulta-
neous evolution of volumetric strain, elastic wave ve-
locities and permeability for a set of deformation ex-
periments of Bleuswiller sandstone. We show that, al-
though very coherent to one another, those three sets
are not systematically correlated. Indeed, inelastic
compaction, whether it is distributed or localized, is
accompanied by a drastic decrease of elastic wave ve-
locities due to grain crushing, a decrease of perme-
ability and porosity due to pore collapse. Using sim-
ple statistical physics concepts based on [Kachanov,
1993] and [Guéguen and Dienes, 1989], we try to un-
derstand and address the issue of coupling/decoupling
between volumetric strain (mainly sensitive to equant
porosity variations), elastic properties (mainly sensi-
tive to crack density) and permeability (theoretically
sensitive to both) during the formation of compaction
bands. Finally, we show that the mineral composition
of a sandstone is a key parameter controlling the ef-
fective pressure at which the onset of pore collapse P∗
takes place.
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Modelling
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Normal faults play a crucial role in modifying basin
stratigraphy. At the exploration scale, the internal de-
formation of tilted blocks is governed by the three-
dimensional geometry of large-scale faults which bound
these blocks. At the reservoir scale, the geometry and
growth of normal faulting control the deformation of
strata and the compartmentalisation of reservoir in-
tervals. Despite their importance, large-scale normal
faults are often difficult to image. The purpose of
structural validation is two-fold: to determine the 3D
shape of normal faults and to investigate the relation-
ship between fault geometry and deformed stratigra-
phy including the intra-block faults. We have devel-
oped methods for tackling structural validation at a
variety of scales in two and three dimensions. The cor-
nerstone of our approach is the use of geophysical in-
verse theory to calculate optimal fault geometries from
deformed strata. This approach allows us to focus on
key questions: does a solution exist? Are there several
possible solutions or just one unique one? In a com-
plex normal fault system, which part of the fault con-
trols the motion responsible for the deformation in the
hanging-wall? Traditional forward modelling cannot
answer these fundamental issues. We have applied the
inversion on seismic data in particularly complex areas
in the northern North Sea. The aims of this project are
to determine the geometry of the basin-bounding fault,
to assess the likelihood of out-of-plane motion as well
as understanding the mode of deformation leading to
the complexity of the present structure. Closely spaced
inverse models show that the basin-bounding fault on
the UK side is steeper and more planar than previously
thought. This method also helped us to have a better

view of what could have been the cause of the organ-
isation and density of the intra-block faulting where
it occurs. The North Cormorant study has shown how
inverse modelling can yield important, quantitative, in-
sights. Our quantitative approach can be used to de-
termine the geometries of major basin-bounding faults,
intra-block faults, and crestal slump faults.
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Satellite thermal imaging data indicate long-lived
thermal anomaly fields associated with large linear
structures and fault systems in the Earth’s crust but
also with short-lived anomalies prior to major earth-
quakes. Positive anomalous land surface temperature
excursions of the order of 3-4◦C have been observed
from NOAA/AVHRR, GOES/METEOSAT and EOS
Terra/Aqua satellites prior to some major earthquake
around the world. The rapid time-dependent evolu-
tion of the “thermal anomaly” suggests that is chang-
ing mid-IR emissivity from the earth. These short-
lived “thermal anomalies”, however, are very transient
therefore there origin has yet to be determined. Their
areal extent and temporal evolution may be dependent
on geology, tectonic, focal mechanism, meteorological
conditions and other factors.This work addresses the
relationship between tectonic stress, electro-chemical
and thermodynamic processes in the atmosphere and
increasing mid-IR flux as part of a larger family of elec-
tromagnetic (EM) phenomena related to seismic activ-
ity.We still need to understand better the link between
seismo-mechanical processes in the crust, on the sur-
face, and at the earth-atmospheric interface that trig-
ger thermal anomalies. This work serves as an intro-
duction to our effort to find an answer to this question.
We will present examples from the strong earthquakes
that have occurred in the Americas during 2003/2004
and the techniques used to record the thermal emission
mid-IR anomalies, geomagnetic and ionospheric varia-
tions that appear to associated with impending earth-
quake activity.
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The Philippine Mobile Belt is a rapidly deform-
ing region, sandwiched between two opposing subduc-
tion zones (the East Luzon Trough and the Manila
Trench), characterized by extensive strike-slip faulting
(Philippine Fault) and multiple volcanic arcs. We use
campaign-mode GPS observations from 1996 through
2002 to examine plate motions, microplate movements,
and internal deformation within the island of Luzon.
The orientation, extent, and activity of faults were
defined, in part, by analysis of LANDSAT imagery.
We used Karhunen-Loeve Transforms, band ratios, de-
convolution, and directional filtering to highlight im-
portant neotectonic and geomorphic features. Results
of image processing are correlated with GPS site ve-
locity vectors to provide better constraints on tec-
tonic deformation of the Philippine arc. Based on

our analysis, we can divide the island of Luzon into
five principal tectonic units separating the Philippine
Sea and Eurasian plates: (1) Ilocos block ( NW Lu-
zon, Cordillera Central); (2) Cagayan block (NE Luzon,
Northern Sierra Madre); (3) Central Luzon (W. Central
Luzon, Metro Manila); (4) Southern Tagalog block (SW
Luzon, southern Sierra Madre); and (5) Bicol block (SE
Luzon, Bicol Peninsula). Results of GPS analysis indi-
cate that Luzon island is rapidly deforming, with the
Cagayan block moving 30 mm/yr NW with respect to
the Central Luzon block, defined by continuous sta-
tions MMA8 and PIMO in Manila. This motion is acco-
modated by sinistral shear along the Philippine Fault.
The Ilocos block moves 8 mm/yr SW with respect
to Cagayan block, accomodated by shear along west-
ern splays of the Philippine Fault. Similarly, there is
NW motion of the Bicol block with respect to Southern
Tagalog ( 26 mm/yr), parallel to the southern Philip-
pine Fault. Significant relative motion ( 17 mm/yr
ENE) is also taking place between the Bicol block with
respect to the Cagayan block. Counter-clockwise rota-
tion is noted within the Southern Tagalog block, where
the ’Macolod Corridor’ is located, based from 10 to
18 mm/yr ENE-trending velocities for sites located in
southwesternmost Luzon and the Verde Passage, con-
sistent with the observations of the dense network of
Okhura et al. (2001). Internal deformation is observed
within the Central Luzon block, near the Central Val-
ley Suture, as evidenced by 10 mm/yr east-west strain
within the block. Geodetic strain in the central part of
the island is strongly dominated by elastic strain asso-
ciated with the Philippine Fault. Elastic strain accu-
mulation along the Philippine Fault is consistent with
an elastic half-space model with uniform slip below a
sub-surface locking depth, yielding a slip rate of about
40 mm/yr and a locking depth of 15 km.
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The anisotropic poroelastic response of
a granular fault gouge
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The undrained pore pressure changes accompanying
seismic faulting, used in estimates of stress-transfer,
can be assumed proportional to the mean stress change
according to isotropic poroelastic theory. However, ge-
ologic observations show that rocks, soils, and fault
zones typically have anisotropic and inhomogeneous
material properties. In addition, the high differen-
tial stress usually associated with seismic faulting can
induce elastic and poroelastic anisotropy in otherwise
isotropic materials. Significant elastic anisotropy has
been qualitatively accounted for in models of Coulomb
stress change by assuming pore pressure change pro-
portional to changes in fault normal stress (see Cocco
and Rice, 2002). However, in anisotropic materials
changes in differential stress as well as changes in mean
stress will induce changes in pore pressure when the
rock is undrained (i.e., no fluid flow into or out of the
pores), meaning that changes in both shear and normal
stress will induce changes in pore pressure. While an
anisotropic response can been predicted on theoretical
grounds, experimental verification has been limited. In
terms of earthquake occurrence, and triggered seismic-
ity, it is necessary to evaluate the importance of both
inherent and stress-induced anisotropy. We have be-
gun a laboratory and theoretical research program to
understand the role of anisotropy on the poroelastic
response of fault zones in the seismic crust. Prelim-
inary results, reported here, are measurements of the
undrained poroelastic properties of a granular, quartz
fault gouge at confining pressures between 5.0 and 50.0
MPa and differential stresses from 0 to 60 MPa. In pre-
vious tests reported by Lockner and Stanchits [2002],
bulk granular quartz is isotropic at hydrostatic stress
conditions but has stress-induced anisotropy which in-
creases with applied differential stress. Tests were
carried out under axisymmetric loading conditions so
that the aggregate has transverse induced anisotropy.
In the present study, the quartz fault gouge shows
stress-induced anisotropy in poroelastic response that
is somewhat different than the bulk granular quartz
at the same applied stress conditions, suggesting that
the stress state inside the fault gouge is different than
the applied stress state [e.g., Rice, 1992; Cocco and
Rice, 2002]. We measured the pore pressure response
to changes in mean stress (B), confining pressure and
axial stress over entire range of confining pressure and
differential stress. No comparable measurements have
been made previously for faults. In addition we directly
determined the pore space storage coefficient. Finally,
for application to stress-transfer calculations, we mea-
sured the sensitivity of pore pressure to shear and nor-
mal stress changes. As expected pore pressure depends
on both shear and normal stress for all conditions where
differential stress is greater than zero. At the highest
differential stresses, the normal stress coefficient is pos-
itive and approximately the same size as B while the
shear stress sensitivity is negative and roughly 1/2 of
the normal stress coefficient.
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A simple and rapid technique to determine the rel-
ative counts of Bi-214 in surface soils to locate active
fault traces of the El Pilar Fault in the state of Sucre,
Venezuela will be presented. The method employed 300
seconds of measuring time using a portable differen-
tial gamma ray spectrometer on site. Three transects
across the El Pilar fault that had very different geolog-
ical aspects were studied. The first two at San Miguel
and Guaraphiche showed clear positive anomalies at the
fault trace, while a large positive anomaly was seen by
radon-222 measurements at the San Miguel site and a
small negative anomaly at the Guarpiche site. At the
Las Toscanas site neither the measurements of the rel-
ative Bi-214 or the relative counts of radon-222 could
confirm the fault trace, it has been suggested that since
all the value of radon-222 and Bi-214 along this tran-
sect were high, that all of the measuring points were
over very fracture soils. One of the advantages of this
technique in respect to determining radon-222 in soil-
gas is that no soil-gas probes are required to be in-
serted in the soil and the problem to know which is
the appropriate depth. Finally, it has been suggested
that measurements of 1000 seconds would be preferred
rather than 300 seconds for future studies even though
this would limit the number of measurements to about
20 per day.
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DECONVOLUTION FOR
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Esh El-Mallaha area is located on the western coast of
the Gulf of Suez which is considered the main source
of hydrocarbon resources in Egypt. The main explo-
ration problem of the Gulf of Suez (and areas around)
is the existence of the Pre-Miocene salt that masks
the seismic energy and as a result, seismic method
is not usually able to provide information about the
subsurface structure. A solution may be existed us-
ing potential field methods such as magnetic which
is highly sensitive to basement and not affected by
salt. Herein, aeromagnetic data over Esh El-Mallaha
area have been interpreted to provide a new look on
the subsurface structure and tectonics of the area.
This interpretation includes the application of Euler
method which has been considered as a sufficient tool
in magnetic interpretation. Comparing the results of
Euler method with the available geologic data (wells,
geologic maps), Euler method facilitates in identi-
fication of new faults as well as mapping of known
faults from geologic information. Generally, the area is
characterized by two basins structure trending in the
NW-SE (parallel to the Gulf of Suez) direction. These
two basins are separated by a high topographic feature
(Esh El-Mallaha range) and bounded by faults of most
probably normal type.
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Typically, gravity observations are evaluated at the
surface for their geologic componenets such as iso-
static condition, crustal thickness, and subsurface den-
sity anomalies. However, when measured at the sur-
face the free-air gravity anomaly (FAGA) may contain
substantial terrain effects. We find the terrain grav-
ity effect is roughly 20% of the surface free-air grav-
ity anomaly for terrain compensated at 35 km depth.
However, the differential effects of the terrain and its
compensation at depth are substantially attenuated as
altitude is increased so that sensitivity for the regional
isostasy should be enhanced. Additional complications
in performing surface gravity analyses arise from un-
certainties in terrain gravity effects due to density and
elevation errors. We find the increase in elevation from
the terrain also increases the signal-to-noise ratio of the
terrain effects. The relative error in terrain gravity es-
timates may approach 28% for 500m bathymetry error
at the surface. However, at 20km elevation the relative
terrain gravity error is reduced by roughly 20%. Hence,
performing gravity field analyses at altitudes above the
source grid, while attenuating the relatively short wave-
length features in the observations, can greatly enhance
the sensitivity of the analysis relative to surface analy-
ses where terrain effects and their errors are more im-
portant.
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Explosive-source data from the Urals Reflection
Seismic Experiment and Integrated Studies (URSEIS)
seismic reflection profile were reprocessed over the East
Uralian Zone to improve understanding of the tectonic
history of the region. The East Uralian Zone is in-
terpreted as a Precambrian microcontinent of Siberian
affinity partially covered with a batholith of Late Car-
boniferous and Early Permian granites. Analyses of
the reprocessed data and the existing vibroseis source
image revealed several sets of previously unidentified
shallow reflections within this batholith. The reflec-
tions were observed in both the unmigrated and mi-
grated data at approximately 3.4 km depth at western
end of the zone, shallowed to 2.4 km depth 31 km far-
ther east where they abruptly terminated. The reflec-
tion pattern appeared to resume about 2 km farther
east where 10 km of reflections shallow from 3.8 to 2
km depth. Approximately 6 km of discordant reflec-
tions were imaged 46 km from the eastern end of the
East Uralian Zone. A final set of reflections was im-
aged between 2 and 3 km depth on the eastern-most
portion of the East Uralian Zone. Deeper reflections
commonly interpreted at the bottom of the Dzhabyk
batholith were imaged across the entire East Uralian
Zone. The newly identified reflections illustrated that
the Dzhabyk batholith is not transparent as is typi-
cally observed in such plutons. These shallow reflec-
tions have several possible explanations. They could
be due to previously unrecognized compositional vari-
ations. These variations may be a result of multiple
episodes of magma emplacement that trapped coun-
try rock. Entrapment of non-granitic materials would
provide the acoustic impedance needed to generate re-
flections. Compressional or extensional faults could
also create zones of low impedance that generate re-
flections. A deformation related model would be con-
sistent with documented deformation further west, the
apparent lack of widespread extension in the Urals and
the geometry of the observed shallow reflections.
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Anomalous crustal structure of the northern Juan
de Fuca plate is revealed from wide-angle seismic and
gravity modelling. A 2-D velocity model is produced for
refraction line II of the 1980 Vancouver Island Seismic
Project (VISP80). The refraction data were recorded
on three ocean bottom seismometers (OBSs) deployed
at the ends and middle of a 110 km line oriented par-
allel to the deformation front of the Cascadia subduc-
tion zone and immediately south of the Nootka fault
zone. The velocity model is constructed via ray tracing
and conforms to travel time observations of direct, con-
verted and reflected phases. Synthetic seismograms are
produced from calculated first-arrival phases for com-
parison with the recorded seismogram sections. Travel
time picks for turning ray phases with shot offsets of >
60 km indicate significantly different lower crustal and
upper mantle velocity structure toward each end of the
profile. The variation in travel times is modelled by
a pronounced increase in igneous crustal thickness of
the Juan de Fuca plate, from ∼ 7 km at the southern
part of the model to ∼ 10 km at the northern part (a
thickness increase of 43%). A complementary 2-D grav-
ity model using the geometry of the velocity model and
velocity-density relationships characteristic of oceanic
crust is produced. The densities required to match the
gravity field indicate the presence of serpentinized peri-
dotites rather than excess gabbroic crust. Anomalous
travel time delays and unusual reflection characteris-
tics observed from proximal seismic refraction and re-
flection experiments suggest a broader zone of serpen-
tinized peridotites that coincides with the trace of a
pseudofault. This correlation implies that the inferred
partial serpentinization of the upper mantle may be a
consequence of slow-spreading at the tip of a propagat-
ing rift.
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In 2002 high-resolution multi-channel seismic data
were collected off the west coast of Canada in the
Hecate Strait area of Queen Charlotte Basin. The pri-
mary targets were regions where shallow sediments were
known to be gas charged. The seismic data allow not
only a means to recognize whether this gas may have
originated from a deep source, but also an opportunity
to identify potential geohazards in the surveyed area.
A 120 cubic inch airgun seismic source was used, along
with a 64-channel, 300m receiver array. One 2-D grid
of data was collected on the western side of the strait,
and a second on the eastern side. The eastern grid con-
sists of 20 lines, 10 N-S and 10 E-W, yielding approxi-
mately 160 km of acoustic data. The seismic data were
processed to migration. Consistent stacking velocities
yield interval velocities that are reasonable for late Ter-
tiary sandstones, and consequently provide a means to
estimate lithological depths and thicknesses. Geologic
interpretation has yielded a late Tertiary & Quaternary
geologic history of the survey area. Important features
include folding and faulting of late Tertiary sediments,
with subsequent erosion of these sediments by incision
of paleo-channels.


