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magnetic susceptibility using a large number of discrete
samples taken from both reference sites were carried
out. Magnetic anisotropy across the proto decollement
zone increase its degree along the depth. Shape pa-
rameter of magnetic tensor ellipsoid indicates those in-
crease of the anisotropy degree reflects gradual increase
of compaction effect on sediments. As an important no-
tice, some characteristic spikes showing low magnetic
anisotropy were observed around the proto decollement
zone at both sites. These low anisotropy spikes in-
dicate magnetic particles keep random fabrics against
sedimentary compaction, and their depth are also cor-
responding with similar spikes on results of P-wave ve-
locity measured on shipboard. Based on these magnetic
and physical properties, hemiperagic mudstone unit at
Site 1177 initially has characteristic random grain fab-
ric, and possibly spans to the Muroto Transect. Then,
compressive strain during accretion causes destruction
of sediments like decollement zone easily within the
sedimentary sections consisting of random grain fab-
ric.
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Origin and evolution of a plate boundary decolle-
ment zone remain a big puzzle. Ocean Drilling Program
(ODP) Legs 190 and 196 performed coring and logging
while drilling near the toe of the Nankai Trough accre-
tionary prism. Here, the decollement zone is well ex-
pressed on seismic profiles. We examined the nature of
the decollement zone using samples and data collected
during Legs 190 and 196.

At reference site (Site 1173), structural features
on cores and resistivity-at-the bit (RAB) images of
the borehole show no clear evidence for the proto-
decollement zone. However, magnetic fabrics indicate
the age equivalent decollement is located at the bottom
of the domain marked by weakly developed compaction
fabric. Below the decollement horizon, the degree of
compaction increases with depth. Vertical anisotropy
data of P-wave velocity and resistivity reflects change
in compaction state across the decollement horizon

The decollement zone at the toe of the prism (Site
1174) is marked by the breccia zone in which the mud-
stone is broken into mm- to cm-scale coherent frag-
ments bounded by discrete slip surfaces. Based on mi-
crostructure, magnetic fabric, and vertical anisotropy
data of P-wave velocity and resistivity, random fabric
with small pore space characterizes coherent fragments,
while preferred orientations of clay minerals develop
along discrete slip surfaces. These features suggest
the unique deformation history and stress path of the
decollement zone: undrained deformation followed by
isotropic consolidation and shearing under drained con-
dition. Consequently, core samples from the decolle-
ment zone have lower porosities than those from above
and below.

RAB images at Site 808 located 1 km landward
of Site 1174 suggest dilated horizons in the decolle-
ment zone. Dilated horizons correspond to the hori-
zons where cores were not recovered during previous
leg. Dilated horizons may result from shear failure un-
der the critical state that is expected after shearing
under drained condition. Presumably, dilated horizons
are filled with high-pressured fluid, resulting in strain
decoupling across the decollement zone.
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Seafloor survey by submersible was conducted on
the slope of the Nankai accretionary prism off Ku-
mano. The Nankai Trough extends about 700 km
from the Izu-collision zone to the northern end of the

Kyushu-Palau Ridge. The eastern and western parts
of the Nankai Trough have been well investigated by
the KAIKO projects since 1984, dense seismic survey
and the deepsea drillings. In contrast, only few studies
have so far been made at the Kumano area located at
the central part of the Nankai Trough. The epicenter
of the 1944 Tonankai earthquake is estimated north of
this area. Our survey using submersible ”Shinkai 6500
(JAMSTEC)” was conducted to understand relation-
ship between fluid circulation, prism growth and seis-
mogenic zone development. Recent seismic reflection
studies off Kumano indicates development of a large
out-of-sequence thrust at the upper slope and two large
thrust faults at the toe and the middle slope of the
prism (Park, unpublished data). Chemosynthetic bio-
logical communities were observed along these major
fault scarps suggesting fluid expulsion along the fault
planes. The exposures of the scarp are mainly com-
posed of highly tilted siltstone, alternations of sand-
stone and siltstone, and light-colored tuff. These se-
quences are regarded as accreted trench-fill sediments
by offscraping based on the seismic reflection profile.
However, the rock collected from the toe has porosity
of 45 percent, which correspond to the deepsea drilling
sample off Shikoku at the depth of 500 meters below the
seafloor. It is inferred that the prism toe off Kumano
is suffered from active erosion after frontal accretion.
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Viscoelastic fluid theory suggests that Earth’s up-
per mantle and transition zone comprise a coherent
thermomechanical boundary layer. Based on the re-
markable correspondence between theoretical predic-
tions and observable seismic features in the upper man-
tle, this finding has important ramifications for global
tectonics. The theory, parameterized in terms of Weis-
senberg number (Wi) and scaled using the average
thickness of the mechanical lithosphere (about 100km),
is a logical extension of mantle convection theory based
on the Rayleigh-Benard problem. Wi is a dimension-
less measure of residual normal stress, assumed to be
inversely proportional to temperature. The theory pre-
dicts a significant potential component for mantle flow
above a depth of 693 km, with essentially dissipative
conditions below. Thus the terms potentiosphere and
rheosphere are coined for the mantle shallower and
deeper than 693 km, respectively. Also predicted is a
characteristic spatial dimension for inertial rupture, on
the order of 10 km. Together, these concepts provide
a simple physical explanation for the globally observed
seismicity cutoff at the base of the upper mantle, im-
plicitly tied to thermal state. Seismically observed re-
flectors in the mantle correspond to intrinsic bound-
ary conditions, either coupled or uncoupled. An en-
ergy minimum, associated with uncoupling, is predicted
at a depth of 666 km. This implies that the equilib-
rium phase change commonly associated with the 660-
km seismic discontinuity actually might be mediated
by localized shear near that depth. Similar situations,
although associated with coupled conditions, are pre-
dicted at 400 and 324 km depths. The latter might rep-
resent the X reflector observed in subduction environ-
ments. The theory also predicts a change in the charac-
ter of deformation from distributed and isotropic below
a depth of about 200 km to localized and anisotropic
above, generally consistent with the Lehmann discon-
tinuity. A fundamentally weak zone, associated with
uncoupling, is predicted at a depth of 173 km. Fi-
nally, another coupled flow boundary is predicted im-
mediately beneath the assumed mechanical lithosphere
at a depth of 124 km, consistent with the controver-
sial 125-km constant temperature boundary condition
of Parsons and Sclater (1977). Thus, the new theory
satisfies both seismic and thermal observations critical
for global tectonics.
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Viscoelastic single-layer folding theory predicts a
transition from distributed to localized deformation
at a specific normalized wavelength - transition wave-
length - as a function of the competence contrast at
the layer boundaries. This transition is independent
of stabilizing forces such as gravity and surface energy.
The effect of viscoelasticity, compared to the viscous
case, is to destabilize folds at wavelengths shorter than
the transition wavelength, and stabilize those at longer
wavelength. Transition wavelength theory, therefore,
not only provides an explanation for the common obser-
vation of thrust faults cross-cutting fold hinges in fold-
thrust belts, but also the generally short normalized
wavelengths of observed natural folds. Fold-wavelength
frequency distributions of natural folds, normalized to
layer thickness, display marked skewness, with an over-
all range from about 3 to 35 and modes in the range 4
to 7. Comparison of these data with the theory sug-
gests that competence contrasts attending deformation
in fold-thrust belts range from about 10 to 36. This
conclusion stands in contrast to those drawn from dom-
inant wavelength theory for both Newtonian and power
law viscous rheologies, which suggest competence con-
trasts in the range of 500 to 1000 or more. Note that
the predicted 10 to 36 range is consistent with the
classic analysis of Sherwin and Chapple (1968), and
well below those values at which Lan and Huddleston
(1995)demonstrated the formation of a finite neutral
surface in single-layer buckle folds using power law vis-
cous rheology. Observed natural folds generally lack a
finite neutral surface. These findings demonstrate the
importance of viscoelasticity for fold formation, and
raise the often ignored question of extrapolating empir-
ical relationships based on rock mechanics data to de-
formation at tectonic strain rates. While the power law
viscous and Maxwell viscoelastic rheologies are useful
for modeling observable time dependencies, mathemat-
ically they cannot capture deformation in deep time.
However, other more general constitutive models such
as used in the present theory can.
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On a single fault segment, geologic and paleoseismic
evidence from locations such as the Basin and Range
[Friedrich et al. JGR, submitted] and Dead Sea Trans-
form [Marco et al., JGR, 1996] indicate that occurrence
of major earthquakes in time is often extremely het-
erogeneous and may, in fact, exhibit temporal cluster-
ing. We consider major earthquake clustering as the oc-
currence of multiple event sequences with intra-cluster
inter-event times much shorter than the average time
between clusters. Many factors may contribute to tem-
poral clustering of major earthquakes. Over multiple
event time scales, time-dependent postseismic stress
transfer may play an important role.

After major earthquakes, time-varying deformation
transients occur. These transients result from diffu-
sion of stress away from zones of stress concentration
generated during the coseismic rupture. As a conse-
quence, the coseismic fault is reloaded at a rate that
is initially much higher than the background rate de-
rived from far-field plate motions. On a given fault,
earthquake recurrence intervals are moderated by vari-
ous sources of system noise, including stress perturba-
tions due to neighboring earthquakes, crustal hetero-
geneity, and fault evolution. Depending on the relative
timing and magnitude of earthquakes in a sequence,
therefore, the postseismic stress available for transfer
to the coseismic fault may be greater or less than aver-
age. This may lead to a situation in which postseismic
stress transfer becomes a significant factor in control-
ling the time to the next event.

To investigate these longer-term postseismic pro-
cesses, we develop a spring-dashpost-slider model of
time-dependent stress transfer in the earth. With this
tool, we gain an understanding of how variations in rhe-
ology, fault slip-rate, and system noise affect a fault’s
behavior. In tectonic environments with a weak lower
crust/upper mantle, we find that small random vari-
ations in the fault failure criteria generate temporally
clustered earthquake sequences. This effect is enhanced
as the geologic slip-rate on the fault decreases. By anal-
ogy, areas such as the Basin and Range are particularly
susceptible to clustering induced by long-term postseis-
mic stress effects.
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To estimate the precision and accuracy of an appa-
ratus built to measure mechanical damping in crustal
rocks, we have constructed a structure from aluminum
and high-Newtonian-viscosity silicone oil. This struc-
ture is similar in design to many shock absorbers, but
with no moving piston. Oil is forced from a reservoir,
through a capillary, by elastic deformation of the reser-
voir wall. Oil returns through the capillary as the de-
formation relaxes under diminished load. The struc-
ture can be modeled as a linear set of elastic and vis-
cous elements. The dynamic structural behavior of this
structure was analysed mathematically, and its damp-
ing as a function of frequency was calculated. Mea-
surements were made of the structure in the damping
spectrometer using frequencies in the range 1 mHz - 100
Hz, and both sets of results are compared. The Debye
peak predicted by calculation is well resolved in the
measurement, and, within uncertainty, experiment and
theory agree in the region of the peak. This confirms
that the spectrometer is useful in this range. Further
use of a calculated structure similar to this could aid
in mechanical damping measurements under less favor-
able conditions such as under confining pressure, and
possibly lead to the development of a low-frequency me-
chanical damping standard.
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Relative Sea-level Data (RSL) in the Hudson Bay
during the postglacial rebound are used to infer the
Earth’s mantle viscosity profile. These data are in-
verted by the Metropolis algorithm together with an
annealing schedule. The forward model is based on a
self gravitating multi-layered viscoelastic incompress-
ible planet. Preliminary results, computed by a five
layer model, suggest that the best fitting viscosity pro-
file is characterized by a shallow upper mantle with

viscosity of 3 × 1020 Pa.s and a lower mantle with

viscosity close to 1021 Pa.s. The main finding is the
presence of a stiff transition zone, with viscosity close

to 1022. This solution agrees with previous findings
concerning postglacial rebound observables and global
geodynamic signatures. The inversion can be improved
increasing the number of the viscoelastic layers to test
the sensitivity of the RSL data to more complex vis-
cosity profiles. The results of these inversions can be
interpreted as mean viscosities of the layers considered:
the linear viscoelastic rheology seems to provide a good
description of the relaxation process due to postglacial
rebound. However, experimental studies of the mantle
minerals suggest nonlinear relaxation mechanisms. A
step forward in the interpretation of the observed sea
level changes can be achieved by a more realistic rheol-
ogy for the lithosphere and mantle, and also consider-
ing the variations of crust and lithosphere thicknesses
beneath the Hudson Bay area. We present a finite el-
ement model to study the postglacial deformations of
the northern America, with a composite rheology for
the mantle, in which the transition between diffusion
and dislocation creep is self-consistently determined by
the deviatoric stress. Our aim is to provide an alterna-
tive fit to observed RSL data by a more realistic model.
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We investigate the effects of simultaneous shorten-
ing and cooling on fold wavelengths in a crust with
elasto-visco-plastic (EVP) rheology, in order to bet-
ter understand the interplay between rates of shorten-
ing and cooling on the anelastic response of the crust.
We apply our techniques to Venusian crustal plateaus,
which show ubiquitous, low-amplitude folds with a con-
tinuous range of wavelengths from < 100 m to > 30 km.
Previous studies have proposed that these folds (and
other characteristic crustal plateau structures) origi-
nated during crustal plateau formation by interaction
of large mantle plumes with the surface during a time of
globally thin lithosphere [1]. In this scenario, a plume
arriving at the lithosphere erases existing structures
and produces a mechanically homogeneous surface by
heating and/or melting the crust. Subsequent cooling
results in a surface layer that is capable of recording
strains and that thickens with time. We investigate
the conditions under which folds matching those ob-
served in Venusian crustal plateaus are created in a
finite element model simulating concurrent shortening
and cooling, as motivated by the tectonic scenario in
[1]. Our models are novel because a) the EVP rheology
more accurately represents the actual crust than vis-
cous or viscoelastic models; and b) other models gen-
erally specify a priori a folding layer thickness and ge-
ometry, with material properties different from those
of the surrounding rock, and this pre-determines the
resulting fold wavelength(s). By contrast, our mod-
els incorporate spatially uniform material properties
but temperature-dependent rheology [2], so that the
strength profile through the crust evolves with cooling.
This allows the thermal and stress conditions to deter-
mine the instantaneous effective folding layer thickness
at each time step, which in turn determines surface fold
wavelengths. We investigate conditions under which
short wavelength folds are initiated when the effective
folding layer is very thin, and the fold wavelength in-
creases with cooling and the resultant increase in layer
thickness. This progression requires a rather specific
set of conditions, and most notably may place con-
straints on the shortening rate, surface temperature,
and thermal gradient during folding.

[1] Phillips, R.J. and V.L. Hansen 1998. Geologi-
cal evolution of Venus: A geodynamical and magmatic
framework. Science, 279,1492-1497.

[2] Mackwell, S.J., M.E. Zimmerman and D.L.
Kohlstedt 1998. High-temperature deformation of dry
diabase with application to tectonics on Venus. JGR
103, 975-984.
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Numerous examples in Laurentia and Fennoscandia
of bedrock offsets that postdate late-Quaternary glacial
polish suggest faulting caused by postglacial rebound.
Over the past 5 years the theory of postglacial fault-
ing has witnessed some major advances. The effect of
glacial isostatic adjustment (GIA) on the faulting po-
tential of the Antarctic lithosphere is examined here.
Our application assumes an incompressible rheology,
permitting a semi-analytical theoretical development.
Our metric is the quantity, ∆F, defined by Wu and
Hasegawa [GJI Vol. 125, 1996] as the differential Coulomb
stress. In earthquake stress transfer theory this is
called the Coulomb failure stress change. One feature
of GIA in Antarctica is that substantial ice load change
has probably continued up to mid-Holocene times and
possibly at a reduced rate up to the present. This is in
contrast to most of North America and Fennoscandia,
where ice mass change ceased in early Holocene times.
A revision of the D91 Antarctic ice history of James and
Ivins [JGR Vol. 103, 1998] is used as input to calculations
of stress change in the Antarctic lithosphere. The re-
vised load includes recently developed constraints on
grounding line retreat in the Ross Sea, coastal Antarc-
tic Peninsula, and Weddell Sea regions, and new con-
straints on interior ice heights at Last Glacial Max-
imum (LGM). During the culmination of LGM, seis-
micity is suppressed relative to the ‘no-load’ reference
state although the suppression is limited in its spatial
extent. The relatively youthful deglaciation in some
parts of Antarctica produces large present-day values
of ∆F of 1 to 8 MPa at depths of 12 - 19 km within the
Antarctic crust. These ∆F values are a factor of 20 or
more larger than those computed recently for the post-
seismic stress shadowing effects in the Californian and
Anatolian interplate shear zones. This suggests that ice
loading effects in Antarctica are important in modulat-
ing and possibly generating seismicity. It will, however,
be important to evaluate the effect of possible values of

the poorly known background tectonic stress in future
studies, as the background stress also affects predic-
tions of the Coulomb failure stress change.
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Estimates on rock viscosities from fieldwork are dif-
ficult to obtain since potential field tools are not well
established. However, our fieldwork in pluton aureoles
of the Tuolumne Intrusive Suite (California) shows that
dramatic gradients in finite strain exist along pluton
margins. Further, different host rock types show a dif-
ferent viscous response to the plutonic heat source such
that some rock types are much stronger deformed than
others. Although our field data do not provide quan-
titative constraints on rock viscosities, from a quali-
tative point of view, our data suggest that host rock
viscosities may be subject to dramatic variation during
pluton emplacement. We design a simple model to test
this hypothesis.

Geodynamic modelers typically use generic viscos-
ity contrasts and assign a single viscosity to large re-
gions of the crust. Since studies of magma-host rock
systems occur on a much smaller scale than geody-
namic processes, we are primarily interested in vis-
cosity heterogeneity on the outcrop scale, or at least
magma-host rock boundaries. Hence, we take a dif-
ferent approach and estimate variations in effective
rock viscosities numerically to investigate deformation
along pluton boundaries. We construct a hypothetical
magma chamber, surrounded by homogeneous quartz-
rich rocks, whose growth results in pronounced spatial
and temporal variations of stress and temperature in
the host rock. Growth of the spherical chamber is fa-
cilitated by two different means: (1) A feeder dike with
constant filling rate, and (2) pervasive flow supplying
magma with chamber size dependent flux rate. We use
a power flow law calibrated experimentally for dislo-
cation creep of quartzite and calculate stress and tem-
perature as a function of time and distance to obtain
strain rates for any given point in the pluton aureole.
We use the strain rates obtained to calculate effective
viscosities using a stress/ strain relationship. Future
modeling will account for variable strength of the host
rocks.

Our results indicate that viscosities may vary from

105 to 108 MPas, which is in the range of the viscosity
of bitumen. Our study is intriguing and suggests that
aureole rocks may undergo dramatic changes in strain
rates and effective viscosities over extremely short time
periods during periods of active magmatism.
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The vast majority of previous studies of glacial iso-
static adjustment (GIA) consider the response of spher-
ically symmetric, viscoelastic Earth models. In the nor-
mal mode theory traditionally applied in these stud-
ies perturbations in gravitational potential are coupled
to perturbations in the density field through Poisson’s
Equation. Recently, an effort has been initiated by sev-
eral independent groups to develop numerical methods
to solve for the response of laterally varying Earth mod-
els. In these efforts it is advantageous to use the Cowl-
ing approximation. In this approximation the effects
of the zeroth order potential field on displacements are
included without simultaneously solving for the associ-
ated potential perturbation. In this poster, we inves-
tigate the effects of the Cowling approximation on a
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large suite of GIA predictions using spherically sym-
metric, rotating Earth models with Maxwell rheology.
We compare the solutions obtained with and without
the Cowling approximation both on global scale obser-
vations, such as J̇2, and on local observations, such
as relative sea level predictions. These results bound
the error introduced by the Cowling approximation and
thus serve as a guide to the development of numerical
methods for 3-D GIA.
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The initial-value (IV) approach to the modeling of
viscoelastic relaxation of spherical compressible self-
gravitating Earth models to loading processes was de-
signed as an alternative to the approach based on the
Laplace transform applied to the time variable. The
feature of overcoming the burden of inversion of Lapla-
cian spectra of complex models encouraged extensive
developments, including generalization for 2-D and 3-D
viscosity distribution. Whereas our original IV formu-
lation utilized the Euler scheme for integrating govern-
ing partial differential equations in time as an intrinsic
part of the theory and a series of boundary-value prob-
lems had to be solved, now we present a formulation, in
which the governing equations are discretized in all spa-
tial variables first (a technique known as the method of
lines). The obtained set of ordinary differential equa-
tions forms a linear IV problem in time, which can be
numerically integrated by optimized library routines.
Despite a high degree of numerical stiffness emerging
due to both underlying physics and applied discretiza-
tion, appropriate integrating routines reveal the time
evolution of relaxation curves of complex Earth mod-
els with outstanding speed and stability. It is an im-
portant feature of the new formulation that the pro-
cessed IV problem can be recast into the form of a ma-
trix eigenvalue (EV) problem. The resulting eigenspec-
trum covers the complete physical relaxation spectrum
and also allows us to appraise and alleviate the im-
pact of non-physical modes, which originate in spatial
discretization. We show outputs of joint employment
of the IV and EV strategies to the forward problem
of viscoelastic relaxation of Earth models with com-
plex spatial stratification, discuss applicability of vari-
ous discretization grids and display attained computa-
tional times. Two examples: our code based on the EV
strategy running on a Pentium III computes the entire
viscoelastic spectrum of a model discretized by 30 ra-
dial layers within 0.05 sec per angular order, the same
time of 0.05 sec is enough for the IV code to integrate
one time step for a model with 100 layers; the isostatic
equilibrium can be reached within few tens of adaptive
time steps.
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We use a combined set of 2-D numerical and 3-D
laboratory models to analyze the long-term dynamics of
an oceanic slab falling into a passive stratified, viscous
mantle. The aim of this study is to investigate self-
consistently the dynamic evolution of trenches and to
identify the factors that influence the subduction pro-
cess. We obtain self-consistency of slab dynamics using
no imposed kinematic input, i.e. the slab is driven by
gravity, only.

With the numerical experiment we analyze and re-
view the effect of a wide range of rheology presented
in earlier solid mechanical studies such as purely elas-
tic, linear visco-elastic, and visco-elasto-plastic slabs.
With 3-D laboratory analogue we focus on the interac-
tion of the slab with the induced passive mantle flow
by widely varying mantle volume flux boundary condi-
tions. The choice of rheological parameters is guided
by the validity field assessed in the numerical investi-
gation.

Assuming a one to one relation between trench re-
treat and back arc spreading, enigmatic observations of
episodic opening of back arc basins can be explained by
our experimental observations. An application of these
results is presented for the natural case of the Central
Mediterranean.
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Arc magmas are generally believed to be produced
when the mantle wedge melts as a result of fluxing of
a hydrous fluid from the subducting plate. Fluids lib-
erate from the slab at different P-T conditions; key to
understanding the fate of these fluids is the knowledge
of the thermal structure of the downgoing plate. Ear-
lier works have shown that this thermal structure is a
function of several variables like the age of the incoming
oceanic lithosphere, the convergence rate, and the dip
angle. However, the impacts of chemical reactions and
heat transport by fluid flow have yet to be thoroughly
explored.

Fluid fluxing from the slab results from metamor-
phic phase transitions which consume latent heat. La-
tent heats for the different reactions have been quanti-
fied in experimental studies. However, little is known
how this cooling effect changes the timing, location,
and intensity of fluid release. One way to explore this
problem is to use numerical models, as previously done
by Peacock et al. Here, we present results of a new self-
consistent, chemo-thermo-dynamical model for mantle
flow, melting, and fluid release. To solve the governing
equations of the model we use a combined finite ele-
ments, finite differences, and tracer particle advection
scheme. For proper internal consistency we include the
cooling effects of fluid release within the temperature
solution.

In this study we analyze the impact of the cooling
effect of metamorphic dehydration reactions on fluid
release at subduction zones and water recycling into
the deeper mantle. For this analysis, we divide the in-
coming plate into a crustal and mantle layer consisting
primarily of hydrated basalts and hydrated peridotites,
respectively. We then prescribe for each layer different
values for the latent heats released during dewatering.
In accordance to experimentally determined values, in
a series of model runs, we gradually augment the chosen
values for the latent heats from a minimal to a maxi-
mal cooling effect and analyze the impact of this on the
timing, location, and intensity of water release. These
numerical experiments provide new insight into the in-
teractions between fluid release and latent heat con-
sumption.
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The thermal, mineralogical, and buoyancy struc-
tures of thermal-kinetic models of subducting slabs are

highly dependent upon a number of parameters, espe-
cially if the metastable persistence of olivine in the
transition zone is investigated. The choice of starting
thermal model for the lithosphere, whether a cooling
halfspace (HS) or plate model, can have a significant
effect, resulting in metastable wedges of olivine that
differ in size by up to two to three times for high val-
ues of the thermal parameter (ϕ). Moreover, as ϕ is
the product of the age of the lithosphere at the trench,
convergence rate, and dip angle, slabs with similar ϕs
can show great variations in structures as these con-
stituents change. This is especially true for old litho-
sphere, as the lithosphere continually cools and thick-
ens with age for HS models, but plate models, with
parameters from Parson and Sclater [1977] (PS) or Stein
and Stein [1992] (GDH1), achieve a thermal steady-state
and constant thickness in about 70 My. In addition,
the latent heats (q) of the phase transformations of
the Mg2SiO4 polymorphs can also have significant ef-
fects in the slabs. Including q feedback in models raises
the temperature and reduces the extent of metastable
olivine, causing the sizes of the metastable wedges to
vary by factors of up to two times. The effects of the
choice of thermal model, inclusion and non-inclusion of
q feedback, and variations in the constituents of ϕ are
investigated for several model slabs.
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Subduction of the Cocos plate beneath Central
America and its associated processes cause a high seis-
mic activity in Costa Rica. Two separate seismic net-
works (OVSICORI-UNA and RSN) exist in Costa Rica
to routinely locate earthquakes associated with the
tectonic activity. We merged these two independent
datasets to achieve a high-quality and consistent earth-
quake data set for Costa Rica. From the merged dataset
we selected 3790 well locatable events with a GAP less
than 180 degrees and more than 6 P-wave observations
to invert for three-dimensional P-wave velocity struc-
ture and hypocenter locations.

Resolution of our tomographic model is good
throughout most of Costa Rica down to a depth of 60-
70 km. At greater depth, good resolution is limited to
a region parallel to the subducting slab and the over-
lying mantle wedge. Except for southern Costa Rica,
we identify the subducting Cocos plate as a dipping
high-velocity feature consistent with relatively cold and
mafic oceanic crust being subducted. In southern Costa
Rica subducting of the extremely thickened and young
oceanic crust of the Cocos Ridge, causes lower veloci-
ties. Based on seismicity and seismic velocities we are
able to trace the subducting Cocos plate down to a
depth of 150 km beneath northern Costa Rica. Seis-
micity ceases beneath central Costa Rica and we loose
the trace of the subducting Cocos plate at a depth of 80
km. A zone of very low seismic P-wave velocities and
high seismic activity is found at 60 to 80 km beneath
Central Costa Rica. We interpret these low velocities
and the abundance of seismicity at this depth as an in-
dication of ongoing dehydration and subsequent release
of fluids in the subducting slab. A zone of high seismic
P-wave velocities, possibly representing subducted cold
material, separates the mantle wedge underlying north-
ern and central Costa Rica. The position of this zone
coincides with a change in the dip of the subducting
Cocos plate with a steep subduction angle to the north
and a shallowed subduction angle to the south. It also
coincides with the transition in the geochemical signa-
ture of arc lavas showing a more depleted mantle source
in northern Costa Rica and southern Nicaragua and a
more enriched mantle source in central Costa Rica. We
interpret our results as more evidence that two different
kinds of mantle material underlie Costa Rica separated
by a zone of colder subducted material.
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