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The condense, high quality and equalized broad-
band seismic network provided us to recognize the vari-
ety of seismic sources. The active volcanoes excite seis-
mic waves with various frequency characteristics. Some
cases show the long period seismic waves greater than
10 sec associates with volcanic activities. The tectonic
seismic events originated at the close to trench zone
are frequently lack of high frequency, greater than 1
Hz, seismic wave component. Meanwhile, the many
low frequency earthquakes and tremors whose sources
are not explicated are occurred in lower crust and sub-
crustal region. The subduction zone of Philippine Sea
plate in south-western Japan is actively genetic area
of low frequency earthquake group. The broadband
seismic array of Japan region observed unknown long
period ground motions. The seismograms are higher
amplitude between 10 and 30 sec period than ground
noise level. The earthquake JMA and USGS catalogues
The
arrival order of wave packet means that these events
locate subduction zone around Japan. The hypocen-
ters of unknown events are estimated by arrival times
of vertical peak amplitude using the assumption that
the ground motion dominates Rayleigh wave. The more
detailed determination of major events is performed by
combined technique for moment tensor inversion and
grid search. The moment magnitude of uncatalogued
event is greater than 3.5 because of the detection lim-
itation. The largest event is distributed to about 4.5
Mw level and special event is greater than 5.0. The
frequency characteristics show that source time is 7
to 20 sec by comparison with synthetic seismograms.
We call these uncatalogued events very low frequency
earthquake. The hypocenters are located to two kinds
of zones along the Philippine Sea subducting plate in
south-western Japan. The one zone is very close to the
trough. The seismicity listed by earthquake catalogues
is low level in the zone and hypocenters are distributed
in island arc side. The very low frequency earthquakes
The
is coincided with extended zone generat-
ing low frequency seismic events. Very low frequency
earthquake occurs intermittently in limited area. Fre-
quently, activity increases for some days and swarm
type activity generates occasionally. To evaluate in-
tegrated seismicity for anomalous events, same class
magnitude, greater than 3.0, events occurred in same
and surrounding area are picked up from JMA earth-
quake catalogue.
of very low frequency earthquakes is comparative with
one of normal earthquakes in background activity. We
concluded that very low frequency earthquake is one of

don’t list about these long period seismograms.

occur in outer area of seismic gemeration zone.
other zone

The analysis shows that seismicity

factors playing seismically important role.
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The composition of the lower crust in Archean cra-
tons is a matter of debate. Felsic to intermediate gran-
ulites (with relatively low Vp and low Vp/Vs ratio)
have been proposed by Mooney and Durheim (1991)

Cite abstracts as: Fos.

Trans.

based on seismic refraction profiles. On the other hand,
worldwide estimates of Vp/Vs from receiver functions
(Zandt et al., 1995) seem to show high Vp/Vs ratios
in Precambrian regions (>1.78). It is not yet clear if
the Archean crust has any typical value or not (Ni and
James, 2003). Determination of Vp/Vs ratios from re-
ceiver functions tend to have high uncertainties due to
the weak amplitudes of the multiple reflected phases
and interference effects after the first Ps conversion,
and this difficulty may have prevented the determina-
tion of a "typical” value for the Archean crust. A new
method is presented here for enhancing the multiple
reflected phases (P2ps and Pp2s) in receiver function
seismic sections. Slant stacking of receiver functions
is carried out in the time x slowness-squared domain
(instead of the usual time x distance domain) which al-
lows a better alignment of the converted phases and im-
proves the identification of their arrival times. Phase
weighted stacking is also used to remove uncoeherent
noise. The picked arrival times can then be used to
estimate the average crustal Vp/Vs ratio. Several sta-
tions located in the Archean block of the southern Sao
Francisco craton and adjacent fold belts yielded Vp/Vs
ratios ranging from 1.66 to 1.77 with an average value
of about 1.72. This is consistent with the regional aver-
age value of 1.71 determined by a Wadati diagram from
small local earthquakes. The low Vp/Vs values found
for the Sao Francisco craton favour a less mafic com-
position for the lower crust, more in agreement with
the Archean/Proterozoic crustal evolution proposed by
Mooney and Durheim (1991).
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A new group velocity tomography is presented for
the South American continent including additional sta-
tions deployed in the northern and northeastern part
of the continent, which had not been covered by pre-
vious works. More than 10,000 seismograms were ex-
amined with paths principally propagating across the
continent of South America. 4000 Rayleigh- and 2270
Love-wave dispersion curves with good quality were re-
trieved in the period range of 10-150s for Rayleigh wave
and 20-70s for Love wave. Single-station group ve-
locities were determined using multiple filtering tech-
niques. 2D group velocity tomography was applied
to fundamental-mode Rayleigh and Love waves on a
regular geographical grid using a conjugate gradient
method. Checkerboard tests showed that our data set
permits a lateral resolution of about 300km in the
central part of the continent with denser paths cov-
erage. Regionalized dispersion curves have been then
inverted for 1D S-velocity profiles inside each block,
which have been used to construct the final 3D S-
velocity model. Both the 2D group velocity and the
3D S-velocity maps showed good correlation with the
major geological provinces like cratons, Andean range,
shields and sedimentary basins etc. The lowest veloc-
ities are found in the Andean region and the highest
velocities in the Amazon craton. The two flat sub-
duction slabs in the western coast of South America
were well resolved. Our 3D shear-wave velocity model
not only showed general similarity to the results from
Partitioned Waveform Inversion and body-wave travel-
time tomography, but also improved the resolution in
the northern and northeastern part of the continent not
covered by previous works.
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An investigation into crustal structure
of South America; the continent that
is missing some of its Moho
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Knowledge of the large-scale crustal structure of the
South American continent is currently very sparse. In
order to improve this situation we collected data from
available permanent broadband seismometers in the
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GSN, GTSN, and Geoscope networks in South America
to learn about crustal structure at each station. Data
was obtained from 15 stations spanning South America
from as far north as Venezuela to southern Argentina,
and across the entire east-west extent of the continent.
Five stations are located along the western coast of
South America near the subduction zone in the forearc
region west of the high cordillera of the Andes. Seven
stations are located in the non-deformed shield part of
the South American continent. Three stations are lo-
cated in the actively deforming region of the Andes.
The stations in the nearby Galapagos and Falkland Is-
lands were also studied. We collected data from each of
these stations for a time period between 1996 and 2002
and calculated nearly 1000 high quality receiver func-
tions with the amount of data at each station ranging
from less than ten to over 150. The receiver functions
from these stations were investigated as a function of
ray parameter and backazimuth to identify P-to-s con-
versions from the Moho and crustal multiples. The
most striking observation we find is that we do not de-
tect a clear Moho arrival at any of the five stations in
the forearc region. This observation may be due to per-
vasive hydration of the forearc mantle resulting in the
reduction of the shear velocity contrast at the base of
the crust. We do however find a strong conversion that
appears to occur at a depth corresponding to the top
of the subducting slab in the range of 60-80km at these
stations. The Moho under the stations in the cratonic
crust can be clearly seen in the depth range of 34-47
km and Vp/Vs values are in the range of 1.63 to 1.88.
We do not detect a clear geographic pattern in changes
in crustal thickness and Vp/Vs across the continent,
but we are currently comparing crustal properties and
surface geology to find additional correlations.
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Using a receiver function stacking procedure and
data from 37 broad-band seismic stations installed
along a 3000-km EW profile across central South Amer-
ica, we have determined crustal Poisson’s ratio (o) and
thickness across the entire continent along 20-degree
South. Similar to previous studies using various tech-
niques/datasets, we have found a thick crust beneath
the central Andes. In addition, we have found that
the crustal Poisson’s ratio in this area is higher-than-
normal (0.27), suggesting a mafic average crustal com-
position. In contrast, the two sites located on the
immediate east of the surface expression of the An-
des are found to have low o (about 0.23) and normal
crustal thickness (36 km), suggesting a felsic compo-
sition. Under the assumption that the pre-shortening
crust beneath the present-day Andes was similar to
that beneath those two sites, the dramatic contrast in
o suggests underplating of mantle-derived mafic mate-
rials. Such an underplating could be achieved by ther-
mal thinning of a weak basal lithospheric layer. Ob-
viously, simple tectonic shortening of the felsic crust
would not be able to form the inferred mafic Andean
crust. This conclusion is consistent with geothermal
and geochemical observations, which suggested the ex-
istence of mantle-derived rocks in the crust. Crust be-
neath the Parana basin and the Sao Francisco craton
are found to have a normal thickness (38-44 km) with a
medium-to-high o (0.26). Possible correspondence be-
tween the observed spatial variation of crustal thickness
and o with the occurrence of the extensive flood basalt
and other major tectonic events will be presented.
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The analysis of local earthquake data from the tem-
porary seismological ANCORP network allowed the cal-
culation of 3D attenuation (Qp) tomographic images of
crust and upper mantle beneath the southern Bolivian
Altiplano around 21° S. The tomographic images show
a low-Qp middle and lower crust and a moderate-Qp
upper mantle beneath the southern Altiplano. Beneath
the recent magmatic arc, Qp is not significantly de-
creased at this latitude. The continental forearc and
the downgoing Nazca plate generally show high Qp.
The distribution of crustal Qp coincides with the vari-
ation of electrical resistivity, which limits the possible
mechanisms causing the anomalies. Our results support
the hypothesis that partial melts in middle and lower
crust beneath the Altiplano are present on a large scale.
‘We see no evidence for a shallow asthenosphere beneath
the southern Altiplano.
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Within the scope of the GEOPECO (Geophysi-
cal Experiments at the Peruvian Continental Margin)
project, active seismic investigations along the Pacific
margin of Peru were carried out using ocean bottom
hydrophones (OBH) and seismometers (OBS) record-
ing marine airgun shots. The structure and the P-wave
velocity of the oblique subducting Nazca and overrid-
ing South-American plates from 8°S to 15°S were de-
termined by forward modeling and tomographic inver-
sion of the wide-angle seismic data combined with the
analysis of reflection seismic data. The region south of
12°S has been influenced by the southward migration
of the aseismic Nazca Ridge the past 11 Myrs. Men-
dana Fracture Zone (MFZ) on the oceanic Nazca plate
marks a transition zone of a different crustal age of ap-
proximately 28 Ma in the north to 38 Ma in the south
at the Peruvian trench. The oceanic crust of the Nazca
plate, with a thin pelagic sediment cover, has an av-
erage thickness of 6.4 km. An intracrustal layer can
be observed across the entire Peruvian margin. The P-
wave velocities of the upper crustal layer displays val-
ues from 4.7-6.1 km/s and the refractions of the lower
crustal layer show velocities from 6.4-7.3 km/s. The P-
wave velocity of the mantle is overall 7.9-8.1 km/s. The
steep lower slope of the continental margin is associated
with the frontal prism of 12-15 km width, displaying
low seismic P-wave velocities of 1.9-2.0 km/s. These
frontal sediments accrete against a backstop structure
which is defined by higher seismic velocities of 3.5-6.0
km/s. Basal erosion is inferred by the low seismic ve-
locities of the frontal prism, the large variations in the
surface slope and the bending of the subducting slab.
A subduction channel cannot be resolved by forward
modeling of the refraction data but amplitude model-
ing indicates a low seismic velocity layer on top of the
subducting slab.
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The Cordillera Blanca in the Andes of central Peru
is located along a segment of modern flat-slab sub-
duction. The range is bounded to the west by a
NNW-striking, moderately WSW-dipping normal fault
that persists for approximately 100 kilometers along
strike. The fault has been active for the past 4-8
million years and has resulted in footwall exhumation
of the Cordillera Blanca batholith, producing some of
the highest peaks in the Andes. Miocene to Quater-
nary extension has been contemporaneous with sub-
parallel shortening to the east in the Subandean fold-
thrust belt. Initiation of extension may be related
to the onset of flat-slab subduction or gravitational
collapse. Sedimentary basin analysis and 40Ar/39Ar
thermochronology have been undertaken in an attempt
to reconstruct the evolution of the Cordillera Blanca
normal fault. The Callejon de Huaylas extensional
(supradetachment) basin forms the hanging wall of the
Cordillera Blanca fault. Evidence of the unroofing his-
tory of the Cordillera Blanca is preserved within the
late Miocene-Pliocene Lloclla Formation. A tuff at the
base of the Lloclla Formation yields a 40Ar/39Ar age
of 6.4 Ma. Measured stratigraphic sections in the Llo-
clla Formation have thicknesses of 1300 meters and
are interpreted to have been proximal alluvial and flu-
vial environments and distal lacustrine facies. We at-
tribute initial basin subsidence to slip on the Cordillera
Blanca normal fault. However, the only exposure of the
Lloclla Formation extends approximately 20 kilometers
along strike of the fault while the fault itself is over
100 kilometers long. We have analyzed over 25 potas-
sium feldspar, biotite, and muscovite samples from the
central and southern Cordillera Blanca batholith that
were collected along two transects perpendicular to the
Cordillera Blanca normal fault. Mica results along both
traverses yield consistent bulk cooling ages from 5 Ma
next to the fault to 7 Ma in the core of the batholith.
Preliminary analysis of potassium feldspar 40Ar/39Ar
step-heating results reveal that rocks proximal to the
Cordillera Blanca normal fault cooled from > 300°C at
5-6 Ma to below 150°C by 2-3 Ma. Rocks far-removed
from the Cordillera Blanca normal fault exhibited a
similar cooling history but began cooling about 1-2 Ma
earlier. We interpret these results to reflect basement
exhumation along the Cordillera Blanca normal fault
and are in the process of constraining its slip history
with the new thermal history results and with samples
from a northern transect of the batholith.
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Subducting plates affect the characteristics of the
deep seismic discontinuities in the mantle. The ef-
fects can be observed seismically when P-waves are con-
verted to S-waves at the discontinuities. We studied the
subduction zone beneath South America, analyzing re-
ceiver functions from the permanent station LPAZ and
from 19 temporary stations in the BANJO network.
Data were obtained from the IRIS Data Management
Center. To achieve more robust signals, we stacked
events from stations located in similar positions rela-
tive to the subducting plate. Multi-station stacks show
clear conversions from the 410- and 660-km discontinu-
ities in the transition zone oceanward of the subduct-
ing slab. Further east, stacks no longer show signifi-
cant P-to-S conversion signals around 410 and 660 km.
Discontinuity conversion points for station LPAZ are
tightly clustered within the slab, while those for the
multi-station stacks are more scattered. Sampling the
slab interior at LPAZ shows a transition zone thick-
ening to nearly 300 km. The transition zone progres-
sively thins to the west, with the westernmost stations
showing a normal transition zone thickness of about
250 km. The thickness variability agrees with predicted
shallowing of the 410-km discontinuity and deepening
of the 660-km discontinuity within a cool subducting
slab. Further, both deep disontinuities exhibit a high
likelihood that signal amplitude increases with decreas-
ing frequency in most groups of stations, with lower
probability for frequency dependence in the west. This
dependence would imply either that the phase transi-
tions take place across a greater depth interval or that
the signal is scattered by relief on the discontinuities.
Because we do not see the discontinuities even at long
periods in the east, the phase transitions would have
to be implausibly thick to explain these observations.
Seeking an alternative explanation for frequency depen-
dence, we employed a synthetic model with a Gaussian-
shaped discontinuity (with a width of 60 km and ampli-
tude of 50 km) for the slabs interior to monitor effects
of discontinuity relief on the P-to-S signal. The relief

can explain frequency dependence on the order we ob-
serve. The explanation based on topography is consis-
tent with our findings of a laterally varying transition
zone thickness. The topography model also would ex-
plain less frequency dependence on the oceanward side
and the lack of P-to-S signal in the east where the pres-
ence of the slab causes the greatest changes in relief.
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We use guided waves traveling up-dip along the sur-
face of the Nazca slab to image subducted oceanic crust
at the Chile-Peru subduction zone. Observed P on-
sets of intermediate depth events near 21°S in North-
ern Chile reveal wave guide behavior: with growing
focal depth, low frequency energy (< 2 Hz) becomes
more and more dominant, higher frequencies arrive de-
layed, sometimes resembling two distinct phases. 2D fi-
nite difference (FD) simulations of complete P-SV wave
propagation along an up-dip profile of the subduction
zone are employed to shed light on several basic issues
regarding crustal wave guides: We show that the ob-
served guided wave energy must decouple from the wave
guide near 100 km depth to reach the deployed sta-
tions and that the observability of up-dip guided waves
in subduction zones is related to variations in subduc-
tion angle. The guided wave effect has considerable
influence on p-arrival times and thus is of major im-
portance for source location and tomographic methods
at subduction zones in general. Further, simulations
yield constraints on source locations relative to the low
velocity structure and wave guide thickness. The re-
sults indicate that a structure of less than 4.5 km av-
erage width and 7 % low velocity remains seismically
slow compared to the surrounding mantle down to a
depth of at least 160 km. Further, only seismic sources
within or close to the low velocity structure (distance
< 4 km) are able to produce the effect. The layer is in-
terpreted as the unaltered lower part of the subducted
oceanic crust, suggesting that complete eclogite trans-
formation in the Chile-Peru subduction zone is unlikely
to take place until beyond the volcanic front.
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The continental margin off Northern Chile was stud-
ied by bathymetric mapping (von Huene et al. 1999),
multichannel seismic profiling, and sampling by piston
corers and dredges to investigate the intense tectonic
erosion of this convergent margin. Coccoliths and Sr-
isotopes were used to define the stratigraphic age and
depositional environment of sediments and related se
mic sequences. The slope sediments consists of Pleis-
tocene to middle Miocene siliceous hemipelagic silty
clay, turbiditic sequences and rare shallow-water car-
bonates . The combination of stratigraphic data and
sedimentological analyses reveal for two ridges on the
upper slope (off Iquique and Antofagasta) a sequence
of vertical movements around sea level comparable to
the late Miocene to present movements of the Mejil-
lones peninsula. A rapid subsidence of more than 1
mm per year affects the middle to outer slope. The
landward dipping of small piggy-back basins indicates
listric faulting probably related to large-scale slumping
along shallow faults affecting the upper section of sed-
iment. The main component of the rapid subsidence
is thought to be caused by tectonic erosion above the
descending oceanic crust causing the ablation of the
overriding continental plate.
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R/V METEOR Research Cruise M54/1 in summer
2002 from Balboa (Panama) to Caldera (Costa Rica)
aimed to image the near seafloor sedimentary struc-
tures of both the continental and oceanic plates of
the Costa Rican Subduction Zone with multi-frequency
seismo-acoustic methods (high resolution multichan-
nel seismics, digital echosounder). The cruise was in-
tended to supplement from Bremen University the ma-
rine geophysical, geological, geochemical and oceano-
graphic data collected within Special Research Project
574: Fluids and Volatiles in Subduction Zones of the
University of Kiel, and its objectives were to study
1) the volatile and material input into the sedimen-
tary system on the oceanic plate, 2) the distribution
of gas hydrates within the sediments, 3) possible path-
ways and resulting structures of fluid/gas escape and
4) the nature of shallow sedimentary deformations at
subduction zones. Our poster contributes to the gen-
eral understanding of fluid circulation and sedimen-
tary processes in subduction zones. It addresses ques-
tions of sedimentology and tectonics at different seg-
ments of the continental and oceanic plates of the
Costa Rican Subduction Zone, as seen from high res-
olution multichannel seismic and digital echosounder
data. The following issues are addressed: - Seismic
features of a proposed IODP transect; its sedimentary
structures, BSR, gas and gas hydrate distribution; in-
dications for massive subsidence and slope instability.
- Normal fault deformation of the sedimentary cover
of the oceanic plate and in the Costa Rican trench in
high resolution seismic and acoustic data. - Deforma-
tion patterns over subducting seamounts (Jaco & Par-
rita Scarps): a study of the different manifestations
of sediment deformation and fault patterns that result
from anomalous local compression, as seen in multi-
channel seismic data. - Geophysical indications of fluid
venting, mud diapirism, and gas hydrate occurrance on
the northern, smooth-floor continental domain (Mound
Culebra) from multi-frequency seismo-acoustic investi-
gations, indications of fluid pathways and consequences
on local tectonic characteristics.

1-3., Kiel
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The Chilean margin has been the focus of numerous
study investigating the subduction style of the Nazca
plate under South America. We present an analysis
of the bending of the oceanic lithosphere from north
to south, based on an original bathymetric compila-
tion. Our bathymetric database includes 169 cruises
with satellite navigation, digitalized bathymetric map
contours from Nazca Project and bathymetric predic-
tion grid (version 8.2) of Sandwell and Smith (1997).
After crossover analysis of the single beam sonar data,
only 124 cruises are kept. Prediction data are used to
fill gaps where no other data are available. Our fi-
nal 250m resolution grid presents a smooth transition
between high and low resolution bathymetry. The re-
sulting grid is used to characterize the bending of the
lithosphere prior to subduction. From 17S to 4483, seg-
ments of 1 degree wide in latitude are extracted. Only
those with high resolution data are kept to carry out
a modal analysis, where depth is given as a function
of distance to the trench. For each segment, the mode
depth/distance contour map provides the geometrical
characteristics of the bending: The amplitude of the
bending along the Chilean Margin ranges from 850m at
208, to only 25m near 26S and 36S. We built universal
flexure profiles that best fit the maxima of the modes.
The elastic thickness (Te) of the lithosphere is directly
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computed from each profile. The obtained Te for each
segment is compared with the one corresponding to the
age of the lithosphere. Large variations exist, which
mainly correlate with the transition from flat slab to
normal subduction. In this zone, an increased by more
than 50% to a decreased by half elastic thickness occurs
in only 2 degrees of latitude from north to south.
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Gravity measurements were carried out during RV
SONNE cruise SO-161 (SPOC) in late 2001 between
28°S and 44°S offshore Central Chile along a total
length of about 17500 km. The mean accuracy of the
data measured with the seagravimeter system KSS31M
of BGR is better than 1 mGal. Further foreign marine
gravity data were not included due to their consider-
able lower accuracy. Additional marine gravity data
derived from satellite altimetry are needed to augment
our data from the survey area. The SPOC data set was
compared with 3 different satellite gravity data compi-
lations. The data set with the best statistical results
for the gravity differences was used for further gravity
map compilations. The map of the freeair gravity is
dominated by the anomalies of the main topographic
features in the survey area. In the W the oceanic crust
of the subducting Nazca Plate is characterized by weak
positve gravity anomalies. Landward the anomalies
decrease rapidly to less than minus 150 mGal in the
Chilean trench. Further towards the coast extends a
broad zone of alternating positve and negative freeair
gravity anomalies. These could be interpreted either in
terms of morphology of the continental slope or hetero-
geneous density distribution in the upper crust. Ad-
ditionally Bouguer gravity anomalies were calculated.
The anomalies on the Nazca Plate are strongly positive
with a clear south - north trending increase of values,
which reflect the increasing age of the oceanic crust.
The effect of isostatic compensation was calculated as-
suming Vening-Meinesz models with different parame-
ters. The gravity effect of the isostatic compensation
root was eliminated from the Bouguer gravity anoma-
lies and serves as a residual field. The interpretation of
isostatic residual fields in this complicated tectonic en-
vironment leads to the detection of a series of offshore
basins. In the N and the centre of the survey area the
distribution of the profiles is rather uniform. For these
areas 3D density models were developed. The mod-
els consider the results of the multi channel reflection
seismic and especially the refraction seismic lines. The
models show the density structure of the accretionary
wedge which expands from N to S, the continental slope
and various basins near to the coast. The possibility of
a subduction channel in the southern area is discussed.
The effect and trace of fracture zones before and after
subduction were investigated.

URL: http://www.bgr.de
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Seismic Investigations of the O’Higgins
Seamount Group: Aseismic Ridge
Emplacement and Hydration of Hot
Spot Modified Lithosphere
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The segmentation of the South American continen-
tal margin has been linked to the subduction of bathy-
metric elevations on the oceanic plate. Offshore Val-
paraiso, Chile, the subduction of the hot spot gener-
ated aseismic Juan Fernandez Ridge correlates with the
southern segment boundary of the Chilean flat slab. A
causative relationship has been attributed to the en-
hanced buoyancy of anomalous crust and the shallowing
of the Wadati-Benioff zone. In 2001, the SPOC project
set out to investigate the effects of subducting aseismic
ridges on the seismicity and structure of the Chilean
margin. A seismic study along the easternmost extent
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of the Juan Fernandez Ridge reveals a magmatic ori-
gin dominated by extrusive processes for the O’Higgins
Seamount Group. Hot spot magmatic processes have
only moderately added to the crust of the Juan Fer-
nandez Ridge. Thus only limited increased buoyancy
may be expected from crustal thickening, insufficient to
cause the shallowing of the subduction zone in the flat
slab segment.
causes a flexural bending of the upper crust underneath
O’Higgins Guyot, but does not affect the trend of the
crust-mantle boundary. The off-axis aseismic ridge em-
placement caused deficiencies of the lithosphere. These
syngenetic structures are reactivated in the outer rise
setting and evolve to ridge-parallel fracture zones with
vertical offsets exceeding 800 m. Tomographic inver-
sion of seismic mantle phases reveals reduced upper-

The modest size of the volcanic edifices

most mantle velocities indicative of mineral alterations
in the hot spot modified lithosphere. Uppermost man-
tle hydration is solely limited to the flawed lithosphere
of the Juan Fernandez Ridge and is linked to the reac-
tivation of hot spot induced fractures. Enhanced buoy-
ancy due to crustal and upper mantle hydration may
represent an important additional mechanism for shal-
low subduction.

URL: http://www.geomar.de/projekte/spoc/
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In South America, the most energetic earthquakes
are mainly generated along the seismogenic interface
between the Nazca and the South American plates.
However, there is a place in the Central Chile seis-
mogenic zone, between latitude 31°S and 31.6°8S,
where almost no earthquake occurs, even using locally
recorded data or from International Centre catalogues.
Hence, the estimated rupture zone of the last great
magnitude event of 1943 reported in the area (Illapel,
Ms=7.9) should be reconsidered. In addition, this seis-
mic gap region acts like a barrier for the propagation of
seismicity. On the northern edge of the gap, a seismic
swarm composed of mainly earthquakes of magnitude
5, propagated to the South between July and August
1997 but was stopped by the gap. This seismic activity
was followed by the Punitaqui mainshock (October 15,
1997), an unusual normal event downdip to the gap,
but in spite of its numerous aftershocks, none was lo-
cated into the gap. To the South, the gap is limited
by the Juan Fernandez Ridge which subducts under-
neath the South America plate. Tomographic results
for Vp/Vs ratio, VpVs product and Qp quality factor,
stress tensor analysis and bathymetric features show an
EW anomaly between the coast and the trench, on the
northern edge of the gap. This anomaly is likely related
to a highly fractured zone with the presence of fluids
where stress is not able to facilitate the propagation of
a rupture.
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Termination of a Central Andean arc:
The Chemical Evolution of the
Bonete-Incapillo Volcanic Complex,
Argentina
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The Bonete-Incapillo Volcanic Complex is situated
near 28°S at the southern termination of the Central
Volcanic Zone (CVZ), where the more steeply-dipping
segment of the subducting Nazca Plate to the north
intersects the amagmatic flatslab to the south. Dom-
inated by the Pissis (6882m), Bonete Chico (6759m),
and Bonete Grande (6436m) centers and the Incapillo
Caldera, this complex includes some of the highest Plio-
Pleistocene volcanoes on Earth. K-Ar ages indicate
that volcanism in this region began at 6.5 to 3.5 Ma as
the Miocene magmatic arc to the west broadened and
eventually died out. During this period, the subducting
Nazca Plate shallowed, initiating eastward broadening
of the arc. The arc front migrated 50km to the east be-
fore terminating at this latitude with the formation of
the Incapillo Caldera at 2.9 to 1.1 Ma. Nearly 80 major
and trace element analyses from the Bonete Complex
and the associated Pircas Negras andesitic lavas com-
bined with 35 new 57Sr/86Sr analyses allow for inter-
pretation of the regional geochemical evolution. Prior
to arc migration, the Miocene Dona Ana Formation
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lavas that erupted in this region have 87Sr/868r ra-
tios (0.7047-0.7056) that positively correlate with SiOg
content (56-74 %), suggesting that MASH-style crustal
contamination was a dominant process in magma evolu-
tion. In contrast, the Late Miocene to Pliocene magmas
from the Bonete Complex and Pircas Negras units show
a range of 878r/863r ratios (0.7057-0.7073) in samples
with uniform SiOg contents. Unlike the older Doifa
Ana magmas and <3 Ma CVZ magmas further north,
these migration-stage magmas exhibit steep adakitic’
REE patterns (La/Yb = 40-70) indicating equilibra-
tion with garnet-bearing crust. These steep REE pat-
terns and elevated 87Sr/868r ratios are consistent with
source region contamination by forearc subduction ero-
sion that resulted in transport of the missing Mesozoic
igneous and forearc suites along the Chilean coast into
the melt zone of the mantle wedge. A model invoking
only lower crustal contamination cannot explain flatter
REE patterns (La/Yb <35) in CVZ lavas to the north,
as there is no obvious way to decrease crustal thick-
nesses beneath the CVZ arc. As magmatism waned,
the Incapillo ignimbrites and domes (SiOg = 67-71;
875y /868y = 0.7064-0.7067; La/Yb = 40-80) represent
the final stages of a residual source-enriched magma
that equilibrated with garnet-bearing thickened lower
crust.

2003 Fall Meeting
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Central Andean Backarc
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In the last 20 years almost 500 earthquakes with
depths less than 50 km and magnitudes over 4.0 have
occurred in the Andean cordillera and backarc region
between 29-34S as a consequence of the compression
between the Nazca and South American plates. Many
of these earthquakes as well as large (M>7) damag-
ing shallow earthquakes in 1861, 1894, 1944, 1952 and
1977 are associated with the Precordillera and Sier-
ras Pampeanas, characterized by a thinn-skinned fold
and thrust belt that contrast with the thick-skinned
basement cored uplifts deformation, respectively. This
high level of crustal seismicity corresponds to a seg-
ment of flat slab subduction beneath Argentina. Very
few crustal earthquakes occur in the high cordillera in
the volcanic arc region that shut off approximately 10
Ma ago when the subducting slab became flat. We have
used regional broadband seismic waveforms recorded
on the portable CHilean Argentinean Geophysical Ex-
periment network to determine focal mechanisms and
depths for 22 crustal earthquakes (M > 3.6) during
2001 and 2002. We first located the earthquakes and
then used a least squares moment tensor inversion tech-
nique to match 3-component data to determine the
best focal mechanism and depth. A simple crust and
upper mantle velocity model was used in the inver-
sions (crustal thickness 45 km, crustal Vp=6.2 km/sec,
Vp/Vs=1.70). Our results indicate that 20 of the
events have predominately thrust fault focal mecha-
nisms with an average P-axis azimuth orientation of
97°. More than 85% of the earthquakes had locations
in the Pampean Ranges and focal depths between 18
and 40 km, corresponding to mid to lower crust. The
furthest east crustal earthquakes occur inland nearly
800 km from the trench. Five of the events are con-
centrated near the oldest part of the Pampean Ranges
(Sierra Pie de Palo), which was also the site of the
most recent large damaging crustal earthquake (1977
San Juan earthquake). We identified only one shal-
low strike-slip event (depth=7 km) near the Sierra de
Cordoba (Eastern Pampean Ranges). The depths of
the crustal earthquakes in the mid to lower crust im-
plies that brittle faulting associated with the basement
cored uplifts in the Sierras Pampeanas extends to deep
crustal levels. This implies the Pampean crust is very
cold, perhaps a result of the refrigeration effect of the
flat subduction of the Nazca slab that insulates the
South American lithosphere from warm asthenosphere.
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Crustal Thickness Beneath the
South-Central Andes and Sierras
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Apparent Phase Velocities
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The south-central Andes and Sierras Pampeanas at
30°S represent a unique environment where the major
tectonic units evolved predominantly since the Miocene
as a result of the flat subduction of the Nazca plate and
its associated processes. In this context, we developed
a methodology to obtain a crustal thickness model in
this area to constrain some aspects of the evolution of
this orogenic system. We used Pn arrivals of 9 crustal
earthquakes to obtain apparent inter station Pn phase
velocities along an E-W trending transect consisting of
8 broadband stations deployed as part of the Chile Ar-
gentina Geophysical Experiment (CHARGE) project.
The apparent velocities are defined as the ratio of the
distance between two consecutive stations and the dif-
A two stage inversion scheme
was used to match the observed and synthetic appar-
ent phase velocities for a crustal model consisting of 8
Moho depths along the profile assuming homogeneous
P-wave velocities in the crust and upper mantle. In the
first stage, an initial crustal model was found by trial
and error. The second stage consisted of a refinement
of the optimal solution by a random search in model
space. Our preferred model shows a crustal thickness
of 65km beneath the High Cordillera and Precordillera
and 45-60km beneath the western Sierras Pampeanas.
A progressive shallowing is observed towards the east,
where a 36km thick crust is observed 700km east of the
trench. These crustal thicknesses are consistent with
earlier results based in part on gravity modeling and
deep reflection surveys. However, isostatically compen-
sated Moho depths computed along the profile for a
range of reasonable density models appear to be sys-
tematically shallower than our preferred model. This
discrepancy is particularly acute (up to 15-20km) be-
neath the western Sierras Pampeanas, where low topo-
graphic elevations and only minor surface crustal short-
ening apparently contradict such deep Moho depths.
This deep rooted crust might be explained by a combi-
nation of an unusually dense lower crust or upper man-
tle, or by lower crustal flow induced by dynamic forces
caused by to the flat slab.

ferential travel time.
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2002 to March 2003, the CHARSME
project (CHile ARgentina Seismological Measurement
Experiment) took place in Chile and Argentina in or-
der to analyze the regional seismotectonic character-
istics and to map the change of the subducted Nazca
plate from a flat-slab to an inclined geometry. Local
seismological and gravimetric data were collected. A
seismic network of 30 portable broadband stations, con-
tinuous recording, was deployed between 31.5°S-34°S
and 71° W-67°W, in addition to permanent stations on
the Chilean side belonging to the University of Chile
network. About 7200 earthquakes were detected dur-
ing the experiment, however, only about the 50% have
been located till now. Most of them are related with the
subduction of the Juan Fernandez Ridge which takes
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place at the southern part of the flat-slab zone. There
are also several crustal shallow events with well con-
strained focal mechanism, mainly located in the Andes
Cordillera. These focal mechanisms confirm that most
of the superficial deformation is compressive and due
to shortening. Some effort has to be made to corre-
late this shallow activity with geological features. With
the available located seismicity, we still can not have a
precise image of the transition zone between the two
subduction geometries, but we hope that with a local
tomography we can achieve this goal. In parallel with
the seismological experiment, two NS gravimetric pro-
files of 500 and 300 km long were performed with 2
portable gravimeters and 3 bi-frenquency GPS stations.
These profiles crossed the transition zone of the slab ge-
ometry. From preliminary data, we found a variation
of the gravity field between points situated above the
flat-slab and inclined subduction. This variation can
be generated by an asthenospheric wedge present un-
derneath the inclined geometry and absent in the case
of the flat one.
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The relationships between the sinistral Magallanes-
Fagnano continental transform fault (MFS), a major
segment of the boundary between Scotia-South Ameri-
can plates, and the northern flank of the western Sco-
tia Sea, characterized mostly by compressional struc-
tures, have not been yet clearly identified. From data
processing, depth seismic-migration modeling and in-
terpretation of 800 km of seismic reflection profiles,
this study presents one morpho-structural analysis of
these two main tectonic elements. In the offshore part
of the Malvinas fold-and-thrust belt, five main seismic
units have been recognized. Steeply dipping (mainly to
the south) reverse faults cut through the folds. Some
of these faults represent old extensional faults of the
Middle-Mesozoic Rocas Verdes marginal basin rifting,
which have been subsequently inverted by compres-
sional stress fields. A noticeable fault system is rec-
ognized in the seismic profile, which involves both the
sedimentary cover and the acoustic basement. This
fault is interpreted as the result of shear stresses pro-
duced along the transcurrent South American-Scotia
plate boundary. In the SW border of Malvinas Basin,
four major discontinuities were recognized. Each dis-
continuity represents important changes in the regional
geodynamic evolution: Barly-Late Jurassic rift; Ther-
mal subsidence (Late Jurassic-Late Cretaceous); Tran-
sitional stage, to Foreland basin (Late Cretaceous-
Eocene) and Foreland (since Eocene).
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