


GPS can be used as a tool for the measurement of the active deformation providing a way of
monitoring active tectonics and the detection of relative movements when the recorded
deformation is only of cml/y, as is the case of the Iberia Peninsula.

A fundamental objective of this project involves the determination of the present day
deformation vectors of the crust. The aditional data acquired aims to constrain the present
causes of this deformation. This involves the determination of the surface movements and the
identification of areas with high stress which can involve an increase of the seismic risk for
the population and civil infrastructures.

The project plans to deploy a series of GPS grids, placed in a semi permanent network in
strategic areas (the estimated minimum duration of the deployment should be of 30 months of
continuous recording). Seasonal variations can be separated from the real displacement values
through the dayly analysis of the temporal series. The processing software packages that can
process such data include GIPSY-OASIS I1I, JPL, GAMIT or Bernese. This aspect of the
present project is similar to the PBO-EarthScope (http://pboweb.unavco.org/). This is a
research project which is acquiring GPS data along the plate boundary separating the Pacific
and NorthAmerican plates.

One of the objectives of this project is providing new information on the deformation within
the Iberia Peninsula and along its boundaries, including North of Africa. Hence, it is proposed
to deploy a network of 25 GPS for 30 months recording continuously. Such deployment will
cover several transects and strategic areas complemented by the existing instrumentation. In a
second half of the project, part of the GPS network will be desplaced covering other strategic
areas.
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Deployment of new GPS stations (red stars) during the first half of the project. Yellow diamonds refer
to the existing permanent stations

This type of studies will be complemented by the design of shorter duration localized
acquisition actions with additional instrumentation which can densify the network. Due to the
small predicted displacements, the localized measuring accions should be repeated
periodically in order to be able to get sensible statistical estimates. This will be initiated in
this project and the specialized research groups could continue this data acquisition effort
within the frame of the TopoEurope initiative which features longer duration.

Kinematic GPS measurements, GPS with ultra-fast sampling (1Hz or more), should provide
instantaneous movements for specific points. This provides the movements experienced by a
point in the case of a seismic event, for example. In this case GPS receivers can be considered
as a seismometer, actually with better stabilization parameters, while high amplitude movents
can overdrive conventional seismometers, GPS will record the actual movement of the point.

2.5.10. Determination of the velocity of formation of topographic relief.

Denudation and uplift velocities in surface exposed areas can be achieved by dating the
deposits and geomorphological surfaces. These structural elements in some cases can be
replaced in the area where they formed. The distribution of the shallow deposits since Middle
Miocene provides constraints in uplift estimates since the time of their formation. Precise
indicators of the position of the old coast line during the recent Quaternary, and the beach
deposits and “trottoirs” provide knowledge on active structures.

The “calcretas” within the alluvial fans and the fluvial terraces and “travertinos” on top of the
drainage network, are features of special interest for this velocity determination. Methods
commonly used for dating include cosmogenics in situ (*°Be), U/Th, and **C. Sampling for
dating needs to be planned accordingly to complement existing data and it would mostly be
done at the end of the first year and start of the second.
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2.6. Research Programme in the different Regional domains

The proposed research will be multidisciplinary and dedicated to advancing the understanding
of the processes and mechanisms that are, or where active from the surface into the
lithospheric mantle in the westernmost segment of the Alpine-Mediterranean orogenic system
over the last 30 Ma. It aims to integrate the geophysical and geological techniques described
in Section 2.5 over a range of scales to determine the tectonic evolution of the mantle and
crust, and the influence that these have had on rock exhumation and the formation of relief in
the Iberian plate.

This reseach will provide an important geological and geophysical database not only for basic
research into orogenic processes, but also for climate and hydrosphere reserch as well as the
preparation, prevention, and mitigation of geological risk in tectonically active and highly
populated areas.

; ) ECORS ;
Atlantic Ocean | PYRENEES / L p .
: T annonian
____,JJW""‘"—-—-.M A W o Basin
L B G .ﬂnultaw'f-‘- i |
P i h"‘f"‘ ﬂ-"F'CEII‘I £ LS gl
I. . / - . o " . - i -‘. h,
| P oot i -~ \ Dinarides
{ { o, ¥ S \H \:\
> '-%Herﬁ R K S " 5 Apennines | =
= o P N in 7o g=" Liguro- ti \
) )'-"—H g -CE'F(II’ F'ro%::-ngal VoE B \ MnatlcSca
' e . mglan Vatencna\ Basin \.C.omm b : o ¢
‘, ‘{.\_' & angg/ *{rDUg“ \PF : _.“'____.f '\,.. -.._...__l
h ;_ .. \ i \\ :: | . “y Y
JiiiiiiA | [
- 7 ESCIVT \\ Albadan. . - W ! Tyrmhenian Sea
Bat s asin S ]
l : - il . i
.~ =~/ Mediteranean Sea B
= =
3 T e
’ =/

0 4{1{} km
| b s |

|:| Basement massifs m Mountain ranges m Foreland basins
Offshore areas [ ] continental crust [ ] oOceaniccrust

from Vergés and Sabat (1998)

Tectonic map of the mountain ranges and foreland basins surrounding the Western Mediterranean.
The Iberian microplate is located between the Mediterranean and the Atlantic Ocean.
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2.6.1. Southern Region: Betic-Rif orogen.
Motivation

This area constitutes a natural lab which includes a particularly controvertial geodynamic
scenario. This includes the Betic-Rif orogen, with a so called accretionary prism of the Gulf
of Cadiz and the basins and margins of the Alboran Sea and southern Argelian-Balearic
basins. This area is a broad zone of contact between the Northern African and Iberian plates
which has been actively evolving for the last 30 Ma (since Neogene). The subcrustal
litosphere has a complex evolution within a scenario of relatively oblique convergence
between two continental plates. This area is the most seismically active one of the Peninsula,
thus it is a natural laboratory to study the intense seismic activity and how it affects the
present-day evolution of the relief.

This area has been the topic of interest for national and international Earth scientists for at
least the last 20 years and a large number of conceptual tectonic models have been proposed
and designed to explain the complex tectonic scenario. These conceptual models include:
crustal/lithospheric recycling, delamination, subcrustal mantle erosion, etc. These processes
correspond to key steps in the evolution stages of orogenic montain ranges.

Therefore this geodynamic scenario constitutes a unique natural laboratory in which such
dynamic processes and their implications can be studied. As well as the implications-
interrelation of these deep rooted processes and the surface evolution, for example relief
changes in natural coast line configuration. This area is and has been affected by relatively
important vertical movements for the last 10 My, which resulted in climate changes. The
international scientific interest over this area has promoted a demonstration project in the area
under the acronym of PICASSO (Program to Investigate Convective Alboran Sea System
Overturn). It is supported by the ILP (Internacional Lithospheric Program)
(http://www.ija.csic.es/gt/rc/HTLM/indexPICASSO.htlm ) and is part of the TopoEurope-
EuroArray research initiative. It is important to note that the extent of the processes is not
limited to the Alboran basin. DTM data shows a symmetry from the Central Iberian Orogenic
System in the Iberian Peninsula, to the Atlas mountain range in Northern Africa. Therefore,
the area of study extends toward Morocco. The PICASSO initiative includes international
grups (from UK, USA, Ireland, etc), that have already submitted proposals to their own
funding agencies to contribute to this initiative, covering different aspects of the
multidisciplinary data acquisition effort.

The Gibraltar Arc incorporates two slightly thickened regions under compression, the
southern margin of lberia (Betic Cordillera) and the northern margin of Morocco (Rif
Cordillera). The internal part of the arc corresponds to a thinned crust under extension
(Alboran Basin) overlying an anomalous mantle. The external part of the arc is characterized
by two foreland basins flanking the respective cordilleras (Guadalquivir-Betics, Rharb-Rif)
and a set of structures forming the accretionary prism of the Gulf of Cadiz. An extremely
important and peculiar aspect is the abrupt change in stress regime between 24 Ma and 8 Ma.
During this period, a rapid shift of structures in E-W direction is superimposed to the regional
NNW-SSE field associated to the convergence between Africa and Iberia. Most E-W tectonic
activity ends during Upper Tortonian, although some authors suggest it continues until
present. To explain this configuration, a variety of models have been proposed based on the
concepts of slab break-off, subduction, delamination, and convective mantle removal of a
crustal root. These geodynamic conceptual models aim to explain the genesis of the system
adopting different lithospheric evolutions: extensional collapse or convective removal of the
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negative-buoyant (cold and dense) lithospheric root, subduction of an Atlantic oceanic crust,
or asymmetric delamination of a continental lithosphere. In this way, some models are related
to plate tectonics, whereas others result from a previously thickened mountain belt.
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The present lithospheric structure is nowadays a subject of debate. Here, the main scientific
open question marks are to discriminate, based on solid evidence, the “geodynamic engine”
running the system from Neogene to present, and to establish the processes leading to the
recycling of a previously thickened continental lithosphere into the convective mantle. During
the last decade, many numerical and analogue models have popped-up showing that such
processes can occur under a wide variety of conditions, and the results are therefore not
conclusive. Likewise, existing tomographic models of the region (seismic velocity
distribution in depth), can be interpreted within both model types.
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Though existing data are up to now insufficient to discriminate between models, there are
evidences showing that the lithospheric architecture influences significantly on the processes
of delamination and mantle convection, as much in terms of lithosphere recycling as in
shaping landscape and relief. Such evidences can be summarized as follows:
-Seismic activity extends from the base of the crust to the lithospheric-asthenospheric
boundary.
-Seismic tomography suggests the presence of a piece of detached lithosphere under
the Betic-Rif Cordillera and the Alboran Basin, below 300 km depth.
-The observation of low seismic velocities at the base of the crust, suggests an
asthenospheric upwelling which is replacing delaminated lithosphere and leading to
decompressional melting and basaltic vulcanism.

Previous work accounting a wide participation of member of our Team indicates that both
crust and lithospheric mantle show a notorious thinning from the emerged areas (Gibraltar
Arc) towards the Alboran Basin, and also within this basin towards the East, towards the
contact with the oceanic crust of the Algerian-Balear Basin. However, the style of thinning
changes between segments of the south Iberian margin. The present crustal structure and
lithospheric mantle and its lateral variations, strongly control the relief and morphology of the
Alboran Basin margins, where a clear correlation is observed between abrupt thinning and the
presence of a narrow platform with abrupt continental slopes. Similarly, the existence of
recent volcanism and the uplift of the margins during Plioquaternary times, also changing
according to the segment, seem to be intimately related to lithospheric anomalies.

Results from tomographic experiments and integrated numerical models support an important
lithospheric thickening under the central and western Betics, Gulf of Cadiz and Rharb Basin.
Overall, there is a strain partitioning between crustal and lithospheric mantle deformation,
suggesting a strong decoupling between both. It is remarkable that the Gulf of Cadiz
constitutes the continuation of the Betic-Rif system in the Atlantic, extending, in a broad
sense, until the abyssal plains, where the plate boundary is less diffuse. The Gulf of Cadiz
concentrates a strong seismic activity with shallow and intermediate earthquakes (60-120 km
depth) and has recently been the scenario of important events of geological hazard (submarine
slides, tsunamis, etc.).

The Atlas cordillera can be understood as the southernmost product of the Iberian-Africa plate
boundary. A remarkable lithospheric thinning has also been described below these mountains,
although here not linked to crustal thickening but to mantle convective dynamics, relatively
independent of plate tectonics. The uplift of the Atlas and the adjacent plateaus has been
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caused both by crustal shortening and mantle upraise, although the chronology of both
mechanisms is still poorly constrained.

L5 N 1. RT3 1 &
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Lithospheric transects across the contact between the Mediterranean Sea and the Atlantic Ocean.
These models result from integrating a variety of regional data.

The present knowledge of the lithospheric structure is very uneven in the Betic-Rif/Alboran
system. Seismic refraction experiments starting on the 70’s, together with available
gravimetric and magnetic data provide only the first-order regional features of crustal
thickness and its structure. During the 90’s, the ESCI profiles contributed to improve the
knowledge of the crustal structures in the eastern Betic Cordillera and Alboran Basin.
Available geophysical data are clearly insufficient to determine the lithospheric architecture in
the region.

Quantitative information on the exhumation rate of the mountain belts is available based on
Zircon and Apatite fission track studies, mostly concentrated on the study of the last stages of
the extensional collapse of the orogen. Few studies have tried to find a relationship between
the present lithospheric geometry, the localization of active structures, and the formation of
relief and landscape evolution. There is a need to better understand the role of thermal
anomalies on the localization of recent deformation. It is also necessary to evaluate the
source-to-sink sediment budget between the Betic-Rifean mountains and the adjacent basins
since Neogene, as well as the possible paleoenvironments and their chronology, and to
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establish the tectonosedimentary relationships that are compatible with erosion/sedimentation
rates, and with paleogeographic and tectonic reconstructions.

Goals and tasks

The objectives of the research are based on an important set of hypothesis, results and existing
data, a relevant part of which have been obtained from previous results of the solicitants who
are now promoting an appropriate environment to perform integrated geological and
geophysical research and make a qualitative step forward in understanding the geodynamics
of the study areas.

The main specific objectives and corresponding tasks are:

- To establish the lithospheric structure of south Iberia and north Africa, and localize the
active structures in relation with the plate boundary through integrated analysis of
geological and geophysical data of continental and marine areas.

- To determine continuity of structural units of the Betic-Rifean system towards the Gulf of
Cadiz, and the nature of the crust and localization of the continent-ocean boundary in the
Atlantic margins of south Iberia and north Morocco, and in the Alboran and Algeria basins.

- To evaluate the role of crustal and mantle processes in the evolution of landscape and
relief.

- To map cinematic indicators including the strain patterns and its temporal and spatial
variations (Middle Miocene to present). Such map will allow testing a variety of numerical
and analogue models addressing the style of deformation of the Gibraltar Arc along its
different segments.

- To quantify the processes of uplift and subsidence in the Betic-Rif and Atlas cordilleras,
the Alboréan Basin, and the Gulf of Cadiz by establishing the thermal histories from Zircon
and Apatite Fission Tracks data and accounting for constrains from other geochronometers
(U-Th/He; *Ar- “Ar, U-Pb).

- To study the Quaternary evolution of relief in the Betic-Rif and Atlas cordilleras from the
calculation of geomorphological indexes, fluvial-network incision rates and Alboran
seafloor sediment transfer.

- To establish relationships between relief development and climate evolution in the
southern Iberian Peninsula and northern Morocco since Miocene to present.

- To relate active structures to instrumental seismicity through the localization of seismic
loci and inversion of the moment tensor, using the historical seismicity, the paleoseismicity
information, with the aim of obtaining seismic parameters of those structures.

- To analyze the evolution of relief associated to the mass movement produced by seismic
activity.

- To date the quaternary surfaces and calculate denudation rates with in-situ cosmogenic
isotopes.

- To determine the present velocity field of plate tectonic motions using GPS techniques to
constrain the characteristics of present deformation at regional scale in the Betic-Rif-Atlas
area, and to establish the areas of larger tectonic strain, and their effect on relief
development.
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- To contribute new data for the assessment of geological hazard (earthquakes, tsunamis,
landslides) in the region in relation to tectonically-active structures (detachments, folds,
faults).

2.6.2. Central Region: Central System and Iberian Chain

Motivation

The geodynamic setting of the central Iberian microcontinent includes deformed regions in
the plate interior such as the Central System and the Iberian Chain, together with their
associated sedimentary basins. This deformation, mainly of Neogene age, is very intense and
larger than in other regions of the Alpine foreland in Western Europe.

In the eastern sector (Iberian Chain) Cenozoic deformation took place on previously extended
crust during the preceding tectonic episode (Mesozoic Rift), but deformation was also intense
enough to strongly affect a region undeformed during the Mesozoic as the Central System.
However, intraplate deformation affects a large region whose different tectonic units have
suffered shortening of different characteristic styles according to the regional configuration
(orientation of the pre-existing Mesozoic extensional basins) and to the stratigraphic sequence
(very sensitive to the existence of a Triassic evaporitic layer that acts as a detachment level).
The Sierra de Altomira and the connection Iberian Chain-Betics form peripheral systems to
the larger chains. Likewise, the western edge of the Duero basin, formed by a Hercynian
basement, also experienced deformation and uplift during the Oligocene, closing the
sedimentary basin towards the Atlantic, and creating an endorheic basin.

These intraplate deformations converge to an Oligocene-Miocene age. The age of this
deformation is younger than the deformation that formed the Pyrenees and has been related
with the stress propagation from the plate boundaries (Pyrenees and Betics) towards the
interior. Accordingly, the uplift of the Central System and the location of the Duero and
Tagus sedimentary basins has been proposed to be formed by a great anticline located
between two lithospheric-scale synclines.

A very relevant feature for the Topo-Iberia program is that the average elevation of the central
region of the Iberian Peninsula is the highest of all the European continent, lacking an
appropriate geodynamic model that explains the mechanism that currently supports this
elevation. Topography in the interior of the Iberian Peninsula is very regular, and this has
been interpreted in terms of mechanically decoupled crustal- and lithospheric-scale folds. A
difference in the rheological properties is also observed between the East and the Center-East.

Excluding the eastern basins, related to the extension in the Valencia Trough, the chain-chain
contacts in the interior of the Iberian microcontinent are thrusts, with cumulative vertical
displacements during the Tertiary that in cases exceed 5000 m. Together with this intense
compressional deformation, significant strike-slip fault zones exist, with spectacular
transpressive structures and sedimentary basins associated to them.
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Geological maps and sections through the main segments of the Iberian Chain.

The weak deformation of the folded and faulted systems of the Iberian plate interior, together
with reliable dating of the sediments of the Tertiary basins has allowed very detailed studies
of Neogene paleostresses. The determination of the direction of these stresses, which have
remained relatively constant in the NW-SE to NNW-SSE direction, allows their comparison
with the paleoseismological results during the Quaternary and with the historical and
instrumental seismicity. In the Central System there is clear evidence of paleoseismic activity,
and paleo-thermo-chronometric analyses together with modeling of these data confirm a very
intense activity (uplift) since the Late Miocene-Pliocene, which is only exceeded in the
Iberian Peninsula by the Betic Chain. The incorporation of these data in thin-sheet numerical
models allows to define the regions susceptible to be deformed, their strain rate, and the best
fit with the location of the plate boundaries in the south of the Iberian Peninsula (diffuse plate
boundary).
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Tectonic, topographic and gravity maps of the Central System.

This morpho-tectonic and paleoseismic information can be integrated with available crustal
information to discriminate among the possible deformation mechanisms that took place
during the Tertiary, and those that are acting in the present-day situation. This crustal
information can be summarized using numerical models that combine geoid and gravity data,
and topography. This same type of analysis is currently being applied to the Mediterranean-
Atlantic transition.

For all these reasons, the interior of the Iberian Peninsula can be considered a natural
laboratory, where interactions between tectonic forces, their transmission from the plate
boundaries, erosion, sedimentation and final topographic expression can be studied. The
amount of available geophysical information in the region is significantly lower than in other
areas of the Iberian Peninsula. Therefore, the proposed integrated geophysical and geodetic
studies will be key in order to be able to develop models of evolution consistent with the
intraplate deformation. Finally, this region is originating a growing interest from international
groups to carry out multidisciplinary studies, and has been considered as a priority within the
Topo-Europe/EuroArray program.

Planned objectives and tasks

The planned objectives are justified by the high degree of knowledge of the geology and
evolution of the central region of the Iberian Peninsula, and also by the lacking knowledge of
the crustal and lithospheric structure, particularly when compared with regions such as the
Betics and Pyrenees. The study of the deep structure would allow to combine this new
information with the geology, and to formulate an appealing integrated formulation that
would improve the knowledge of the central part of the Iberian Peninsula.

72



The following specific objectives and tasks are proposed:

- Deployment of a permanent GPS network in the center of the Iberian Peninsula, along the
Duero and Tagus basins and the Central System, that would allow to establish a “stable”
reference for the other mountain ranges along the edges of Iberia. This network would be
included within the global baseline network for the entire Iberian Peninsula.

- Determine the horizontal deformation velocities in the active tectonic regions in the center
of the Iberian Peninsula using the measurements of the GPS network. These data will be
integrated with data of geotectonic activity and variations in the hydrographic network.

- Promote the study of the crustal structure in selected areas of this region by seismic
reflection profiling. To accomplish this task, complementary funding will be mandatory,
coming from specific projects of national or regional agencies.

- Determine the crustal structure of the Central System by means of magnetotelluric
soundings through the previously described deep seismic reflection profile. This
methodology would allow to corroborate and evaluate the consistence of the results
obtained by the seismic and magnetotelluric methods.

- Determine the deep structure using magnetotelluric profiles across the lIberian Chain
through a NE-SW transect coincident with an existing reflection profile.

- Determine the crustal structure at different scales through the computation of Bouguer
anomaly maps and gravimetric profiles.

- Determine the vertical evolution (uplift and erosion) through the chosen seismic reflection
profile using the analysis of apatite and zircon fission tracks, particularly along the large
faults that bound the different tectonic units.

- Study of the geometry of the Tagus and Duero foreland sedimentary basins in order to
obtain information about the sediment volume, and to perform estimates of the
sedimentation rates. These estimations have already been carried out for the Ebro and
Guadalquivir basins.

- Determine erosion estimates from reconstruction of topography in deformed regions and
sedimentary basins.

- Analysis on the river network in mountain ranges and sedimentary basins, particularly of
the distribution of fluvial incisions and their relationship with morpho-structural elements,
detection of anomalies along their track, quantification of incision values and slopes, and
chronological determinations of incision stages and associated sediments. Knowledge of
the fluvial incision in different locations of the central region of the Iberian Peninsula will
allow to reconstruct the evolution of uplift and erosion.

- Determination of paleotemperatures from measurements of the reflectance of vitrinite,
fluid inclusions, and cristalinity of illite.

- Absolute dating of mica associated to low-grade metamorphic facies.

- Dating of Quaternary surfaces, and determination of denudation rates using cosmogenic
isotopes in situ, with special consideration to valleys in the exit from the sedimentary
basins of the great rivers Tagus and Duero.

- Determine the evolution of the basin system in the central sector through numerical
modeling. This type of analysis has helped to improve our knowledge by constraining the
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evolution during the past 25 million years of the Ebro basin, and also allows to predict the
future evolution of erosion and fluvial captures, as in the case of potential storage sites of
radioactive waste.

- Development of a seismotectonic model of the center of the Iberian Peninsula as the basis
for the evaluation of seismic hazard in the region. Its relationship with paleoseismicity in
the region will allow to recognize changes in the orientation of tectonic stresses.

2.6.3. Northern region: Cantabrian-Pyrenean chain and Cantabric margin

Motivation

This region includes the Pyrenees and the elongation to the west to the Cantabrian chain and
the north Iberian continental margin, and it is related to the geodynamic interaction between
Iberia and Europe plates. The Cantabrian-pyrenean relief is connected to the south with the
northern ending of the Iberian chain and gradually terminates to the west with the Leon
Mountains and the Galice massif. These transitions are also included in the studied region, see
figure.

The Cantabrian-Pyrenean chain is a collisional orogen with double vergence, resulting from
the convergence of the Iberia and Europe plates since the late Cretaceous to the early
Miocene; the shortening is between 90 and 165 km, resulting in a significant crustal
thickening.

The northern and southern margins of the mountain chain are defined by several foreland
basins very well preserved, which have been filled by sediments resulting from the erosion
related to the uplift chain. In the southern flank, there are the Ebro and Duero basins, which
contain thick syn-orogenic sedimentary sequences up to 5 km, mainly continental. The
Aquitania basin is in the northern flank of the Pyrenees, and it has a thick succession over 5
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km of Palaeogene sediments, predominantly continental. Contrary, a considerable Cenozoic
syn-orogenic sequence of marine sediments is also accumulated to the north of the chain.

This mountain chain, extended 1500 km between the Alps and the Atlantic Ocean, presents
very different characteristics along the transect. On the easternmost zone, the compressive
orogen is superposed with the Neogene extensional tectonic related with the opening of the
Gulf of Leon and the drift of the Corso-Sardo block. The main Pyrenean chain, situated
between France and Spain, represents a collisional continental orogen developed on a thinned
continental crust, without involving oceanic crust between the plates (see figure).

Compensated geologic cross section and its restoration along the ECORS profile. From Beaumont et
al. (2000)

More to the west, the Pyrenees tectonism affects the north Iberian continental margin,
consequently the Cantabrian chain, the western prolongation of the Pyrenees, represents a
coastal mountain chain which involves the very thin continental crust and the oceanic crust of
the Bay of Biscay. Although part of the Bay of Biscay crust has been underthrustig
underneath the margin, the major deformation has been concentrated on the previously
thinned continental crust of the north Iberian margin (see figures).
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Crustal transects along the chain and Cantabric margin (I) and Basque-Cantabric basin (11).
From Gallastegui (2000) and Pedreira (2004).

The deep seismic reflexion profiles ECORS and ESCIN and other seismic profiles of vertical
reflexion and wide angle registered the last decade, together with other geophysical data,
show that the crustal structure is characterized by the northern subduction of the medium and
lower continental crust of Iberia, induced by the European crust indentation at the level of the
medium and upper Iberian crust. The surface expression is a double vergence orogenic

indentation between 150 and 200 km wide. The 3D crustal structure of the chain is shown in
the follow diagram.

Three-dimensional crustal structure scheme of the transition between the Pyrenees and the
Cantabrian chain. From Pedreira (2004)
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Although the deep crustal structure is very similar along the chain, the upper crust structure
(and the reflex on the present relief) shows important lateral variations which appear to be
related with the different original geometry of the Mesozoic sedimentary basins (intra-
continental basins to the east, and one oceanic basin to the west). However, it is not clear the
exact meaning.

The dimensions of the chain, the moderate magnitude of shortening, the quality of the
outcrops, the good preserved syn-orogenic sediments and the relative good knowledge of the
lithosphere structure make this chain a perfect natural laboratory to investigate the orogenic
processes and the tectonic forces involved on the formation of the intra-continental relief and
the costal chain. This chain has a very complete register of the tectonic processes involved on
the evolution of the orogenic relief from the initial stages to the present, and for the study of
the accretion crustal studies, erosion and sedimentation that occurs during the alpine cycle.

Currently, it is available a good general geological knowledge of the region and new
geophysical results from the deep structure, which show large crustal thickness variations, in
N-S and E-W, along the north Iberian margin, which in turn is observed on surface
topography. However, these data isn’t enough to define an accurate model of the interaction
between the lithosphere scale deformation processes and the formation of one of the higher
reliefs of the Iberian Peninsula. The Cantabrian-Pyrenean topography uplift has involved
important processes of mass transfer with the progressive erosion of the relief, incision of
deep drainage networks and the sedimentation on the surrounding foreland basins. Some
studies have been done, mainly in the central Pyrenees, including quantification of the erosion
and sedimentation rates with thermocronological dating and numerical modelling; however,
new data is necessary in order to have a better constrain of the final models. The
understanding of the uplift-erosion-sedimentation cycle is important for the knowledge of the
relief evolution, but also for a better comprehension of the sedimentary basins, which are
important natural reservoirs, and to understand and prevent geological risks, as seismicity,
landslides or fluvial floods. The Cantabrian-Pyrenean region has always been an attractive
area for many researchers and internationals institutions, and it is also a priority for the
presented European proposal EuroArray.

Preliminary thermo-mechanical modelling of the Cantabrian transect. From Pedreira (2004).
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Specific objectives and Tasks to do

The general objective of the proposal presented in this region is to characterize the
Cantabrian-Pyrenean relief, to find the interaction between the deep processes involved
during the alpine convergence and the resulting present relief. To do this, it is required to take
into account the interaction between the different styles of present deformation and the
influence of some factors as the inherited crustal heterogeneities, the convergence and the
surface processes.

The scientific objectives and the tasks to be done are:

Characterization of the lithosphere structure, north of the Iberian Peninsula and the
continental margin, and locate the main active structures related with this plate paleo-
boundary, using the actual geophysical data and the new data that will be obtained.

To find a tectonic evolutive model and its relation with the cantabrian-pyrenean relief,
including the continental margin, using integrated analysis of geological and geophysical
data from continental and marine zones. Therefore, several balanced geological cross
sections across the chain and the continental margin will be studied.

Elaboration of several crustal transects showing the deformation features and the temporal
space evolution (Mesozoic to present), then it will allow to test different numerical
modelling to reproduce the mode of formation of the Cantabrian-Pyrenean chain and the
north Iberian continental margin.

Study of the foreland basins structures in order to get information about the sediment
volumes and make estimations about the sedimentations rates.

Study of the western edge of the Cantabrian-Pyrenean chain and the transition to the low
relief of the galice massif and N Portugal.

Study of the transition between the relief of the Cantabrian-Pyrenean and the Iberian chain
and the Central System, and its connexion with the deep structure.

Resolve the geological processes which determine the sedimentary basins formation in the
continental margins from the alpine period to the present

Description of the transition from oceanic to continental crust in the Bay of Biscay.

Description of the morphostructural elements observed on the present Bay of Biscay
seafloor, with special attention to the abrupt relief of the submarine canyons and its
relation with deep structures.

Dating tectonic activity in faults, underthrusting and other major structures, studying the
relation between the structures and the syn-orogenic sediments in order to obtain
information about the ages and the tectonic accretion velocities.

Quantify the uplift and subsidence processes of the cantabrian-pyrenean chain using the
thermal history obtained from apatite and zircon fission tracks and taking into account
other geochronometers (U-Th/He; *Ar- “°Ar, U-Pb)

Description of the quaternary relief evolution of the Cantabrian-Pyrenean chain using
several geomorphologic indexes, incision rates of the drainage network and the seafloor
morphology of the Cantabrian Sea.
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- Analysis of the cantabro-atlantic fluvial network, studying the fluvial incisions distribution
and its relation with the morphostructural elements, quantify the incision and steepness,
and chronological description of the incision stages and related sediments.

- Three-dimensional geological modelling of the main geologic structures, integrating
surface and subsoil data, to obtain representative tectonic models using geological
modelling applications as Geosec 3D and 3D Move

- To find the interaction between the cantabrian-pyrenean relief evolution and the climate
change from Palaeogene to the present.

- Description of a seismotectonic model which relates the active structures with the
measured seismicity, the historical seismicity and the paleoseismicity to obtain the seismic
parameters.

- Study of the erosion surface of the Eastern Pyrenees and its interaction with the Neogene
extensional tectonics.

- Dating of the quaternary surfaces and calculate the denudation rates using the cosmogenic
isotopes.

- Obtain the present displacement velocity field using GPS techniques to know the
characteristics of the present regional deformation of the Cantabrian-Pyrenean chain,
Galice massif and Duero plateau, and establishing the areas with higher present tectonic
movements and the relation with the relief evolution.

- Integration of all data in an evolutive model for the different sectors of the Cantabrian-
Pyrenean chain and the Cantabrian continental margin, in order to be used as contrast with
the numerical model predictions,

- Analysis of the comparative influence of the deep processes (crust and mantle) and the
surface processes on the relief configuration.

- Construction of a seismotectonic model for the north Iberian Peninsula as a first step to
evaluate the seismic hazard of the region.

On the other hand, research on surface processes and its interaction with the tectonic activity
will have a strong impact on the georeferenced data. The geographic information systems
(GIS) offer the possibility to organize and manipulate the georeferenced data bases of big
dimensions. Therefore, a geodatabase GIS will be used in all tasks, which permits to do
analysis and calculus linking several variables and, therefore, it is a good way to test the
geological models and to develop new ideas.
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2.7. Deliverables

A fundamental milestone in Topo-Iberia is to establish and manage a geological-geophysical
database with unprecedented resolution, as well as to develop integrated interpretations and
evolutionary models that contribute to understand the earth dynamics, to mitigate geological
hazards and to exploration of natural resources. This database should also be considered in the
infrastructural and civil engineering performances in our country.

In general terms, this programme should provide:

1.
2.
3.
4.

5.

Information on the structure, evolution and dynamics of the Iberian Peninsula.

New data to reveal and validate the mechanism of active fault systems.

Key parameters of the interaction within the mantle-crust-atmosphere system: the
influence and impact of the lithospheric mantle and continental crust on the global
change, by integrating data from all disciplines of Earth Sciences.

Integration and management of a massive volume of observations and results, providing
tools for easy access, visualization and manipulation.

A framework to integrate other existing research teams in Earth Sciences.

More specific deliverables and results:

Deployment of the IberArray multi-instrumental, pluridisciplinary observation
platform.

New models on the structure and properties of the sublithospheric Iberian mantle,
based on the integration of geophysical observables, specially seismic tomography.
New maps on lithospheric thickness, strength and deformation rate in each thematic
area.

Updated map of Moho depth and crustal thickness.

Maps of physical properties in key areas of Iberia by integrating structural information
and 3-D models of geophysical parameters (thicknesses, velocities, density, electrical
resistivity, strength,...).

Paleogeographic maps showing the evolution of the Iberian drainage system,
sedimentary basins and topography in the last 20 Myears.

Regional neotectonic maps compiling rates of uplifting, subsidence and lateral
movements.

Seismotectonic maps and fault parameters to calculate the seismic hazard in the active
tectonic structures and description of the surface architecture of the active faults.
Quantification of subsidence rates in evolving basins and deltas, and identification of
controlling mechanisms.

Quantification of elevation rates in active orogens and identification of controlling
mechanisms.

Quantification of intraplate uplift/subsidence rates induced by lithospheric folding and
other processes.

New concepts on tectonic control in river systems.

Determination of sedimentary balance between orogens and basins.

Evaluation and analysis of new satellite databases on geodesy and gravimetry.
Geological-geophysical characterization of orogenic systems, deformation styles,
balances, internal architecture and dynamics.

Superficial and deep features of active fault systems.

Determination of a kinematic model of Iberia and North Africa taking into account the
mechanic behaviour of the active tectonic structures.
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- Determination of the thermal evolution and the exhumation rates of the rocks of the
Iberian chains and their basins.

- Quantification of the relative importance of the climatic-geomorphologic factors and
tectonics to the relief formation, from the drainage network incision rates and the
mountain front activity.

- Determination of relief uplift rates and paleo-climate changes from sedimentary data
(palaeontologic, mineralogic and geochemist) from Tortonian to the present.

- Comparative analysis of the evolution of uplift, erosion, sedimentation, sismicity and
river systems in lberia and other European areas strongly influenced by ongoing
processes of lithospheric delamination.

- Balance of the Quaternary crustal deformation and comparison with co-seismic
deformation rates from historical catalogues and paleoseismicity in very active areas
such as at the interaction between Iberian and African plates, or at the eastern
Mediterranean belt, in comparison with other European areas of moderate seismicity.

- Characterization of the vulnerability in the several regions to landslides due to
topography or seismic activity.

Dissemination of the results will be on international journals and meetings (see #4 for details
of the Evaluation Plan). Moreover, the official institutions (Civil Protection, Environment
department, civil engineering, and others) will be informed about all the results related with
the geological hazard.

2.8. Envisaged Actions and Working Plan

Of special relevance in the work plan below is the deployment of instrumentation of the
IberArray platform for new data acquisition, a fundamental, innovative aspect of this
programme. As seen in the methodology section, an optimal design of IberArray would have
as a basic component the deployment of an array of 50 km x 50 km on the Iberian Peninsula.
In the nodes of this array, broad-band seismic stations should be installed, continuously
recording global seismicity during a ca. 2 years period, as well as GPS instruments measuring
deformations that reveal the ongoing dynamics of the Iberian Peninsula. Other instrumental
measurements should also be performed, such as magnetotelluric transects. The existing
permanent instrumental networks will already cover some nodes of the array, and the
deployment of portable equipment will be addressed to fill up the holes and complete a
homogeneous array. Some of the institutions involved in this programme have already
portable equipment for this purpose, even though the total number of instruments is by far
insufficient, and an appropriate national pool should be available.

The research team of this programme is willing to promote the creation of such a national
pool of instrumentation of shared use. In this sense, it has been budgeted here the acquisition
of a first part of this pool, regarded as a basal instrumentation, and we will apply to
subsequent infrastructural calls to complete this equipment. In the time period of this
programme, and using the instruments available at present (including the new ones budgeted
here) we plan to achieve a significant sampling of the main areas of research. An optimum
coverage of the peninsula would require a continuation in time of this programme, or
alternatively to collect additional equipment through international scientific collaborations to
extend and enlarge the sampled area in each time period. The Iberian continental margins
should also be sampled in an analogous way with marine arrays of instruments (not detailed in
the figure). This would imply a serious technological challenge and, in a short term, would be
feasible only by a join international effort among the few institutions having such equipment
(BB-OBS, marine MT,..).
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Scheme of Tasks in the three domains of research (a: south; b: centre; c: north). Institutions with more direct implications in each of them are
reported, even though most of the groups will participate in the different tasks.

Num.

VI

VII.

VIl

Instituciones
Responsables

Tareas

Recopilation of existing geological and geophysical data. la: UG+HIGME
Creation and management of databases (compatibilization 1b: UCM+IGME
of networks, format unification, etc.) Ic: UO+IGME

Deployment of a portable network of seismic la: ICTJIA+UG
instrumentation, successively in each study area Ib: ICTJA+UCM
(coodination with similar international actions). Ic: ICTJA+UO

Deployment of temporary networks of geodetic/GPS Illa: ROA+UJ
instrumentation. [1lb: UCM+ROA
[llc: UB+UO

Field measurements of magnetotellurics, potential fields, IVa:UG+UB+UCM
paleomagnetism, etc. 3D modeling of geophysical 1Vb:UCM+UB
parametres. IVc: UB+UO+IGME

geology, Va:UG+UCA+UB
Vb:UCM+UCA+UO
Vc:UO+UB

Specific actions of high density data acquisition in zones V1a:UG+ICTJA+UCM
of special interest. VIb:UCM+ICTJA
VIc:UO+ICTJA+UB

Development of analysis and interpretation methods of Vlla: ICTIA+UG
geophysical data and of evolutionary numerical Vllb: ICTJA+UCM
modelling. Vlic: ICTIA+UO

Models of deep structure from seismic data, by using VIIa:ICTIA+UG
methods of tomographic inversions, receiver functions, VIIIb: ICTJIA+UCM
anisotropy, etc. Vllic: ITCJA+UO

Neotectonics,  geochronology,  structural

geomorphology, etc.
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Grupos Participantes

la: UG, UCM, IGME,UB,UAB,UCA,ROA, UJ
Ib: UCM, IGME, UB
Ic: UO, UAB, IGME, UB, ROA

lla: ICTJA, UG, UCM, ROA
[1b: ICTJA, UCM,
llc: ICTJA, UO, UCM

[1la: ROA, ICTJA, UJ, UB
I1Ib: UCM, ROA, UB, ICTJA,
Ilic: UO, UB, ROA, ICTJA

IVa: UG, UB, UCM, ICTJA, ROA, UAB
IVb: UCM, UB, UG, ICTJA
IVc: UB, UO, IGME, UCM, ICTJA

Va: UG, UCA, UB, UAB, UJ
Vb: UCM, UCA, UB
Vc: UO, UB, UAB

Vla: UG,UCM, IGME, ICTJA,UB,UAB, ROA
VIb: UCM, IGME, ICTJA, UB
Vic: UO, IGME, ICTJA, UB

Vlla: ICTJA, UG, UCM, UB, ROA
VI1ib: ICTJA, UCM, UB
Vlic: ICTJA, UO, UB, UCM

Vlilla: ICTJA, UG, UCM, ROA
VIlib: ICTJA, UCM
Vllic: ICTJA, UO, UCM



Num. Tareas Instituciones
Responsables

IX.  Seismotectonic models based on hypocentral parameters, 1Xa:UG+UCM
focal mechanisms, structural geology, neotectonics and IXb: UCM+UB

paleoseismology. IXc:UO+ICTJA+UB
X. Models of sedimentary balance and flow, basin Xa:UG+ICTJA
subsidence, etc. Xb:UCM
Xc:UO+ICTJA

XI Models of denudation and elevation of Iberian ranges Xla: UCA
from low-temperature geochronology (fission tracks, XIb:UCM

cosmogenics, etc.). Xlc:UO
X1l Joint modelling of the recent interrelations between Xlla: UG
tectonics, evolution of topography and climate change. XIb:UCM
Xllc:UO

X Models of structure and tecto-sedimentary evolution of Xllla: IGME+UCA
Iberian Atlantic margins from marine geophysical data Xlllic: IGME+UO
and correlation with emerged areas.

Abbreviations:

ICTJA: Institute of Earth Sciences CSIC

UG: University of Granada

UO: University of Oviedo

UB: University of Barcelona

UCM: University of Madrid

UCA: University of Cadiz

UJ: University of Jaen

UAB: University Authonomous of Barcelone
IGME: Spanish Geological and Mining Institute
ROA: Royal Institute and Observatory of the Navy
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Grupos Participantes

IXa: UG, UCM, UB, ROA
IXb: UCM, IGME
IXc: UO, IGME

Xa: UG, UCM, IGME, UCA, UAB
Xb: UCM, IGME
Xc: UO, IGME

Xla: UG, UCM, IGME, UCA, UAB, UB
Xlb: UCM, IGME, UCA, UB
Xlc: UO, IGME, UAB, UCA

Xlla: UG, UCM, UCA, UAB, UB
Xllb: UCM, UB
Xllc: UO, UB

Xllla: IGME, UCA, UG, ROA
Xlllc: IGME, UO, ROA



3 ESTRUCTURA FUNCIONAL DEL GRUPO

Se debe proporcionar una informacién detallada sobre la estructura funcional del equipo, los &mbitos de investigacion de
sus componentes y una explicaciéon del valor afiadido que la cooperacién entre ellos supone para el sistema de 1+D. En la
valoracion de este aspecto se tomara en cuenta el posicionamiento competitivo de los investigadores a nivel internacional, en
términos de los indicadores usuales (nimero de publicaciones en revistas ISI, nimero de citas recibidas, nimero de citas
recibidas de los 5 articulos mas importantes del investigador coordinador y de los investigadores principales de cada grupo del
equipo, numero de proyectos del Programa Marco de la UE y de éstos los proyectos que se han liderado, premios recibidos, u
otros elementos que demuestren la calidad del equipo). También se tomara en cuenta la disponibilidad y adecuacién de las
estructuras o elementos necesarios para la coordinacion y funcionamiento del equipo.

Se debera incluir una version en Inglés del mismo texto y en el mismo fichero

El equipo de investigacion de Topo-lberia esta compuesto por mas de 100 investigadores doctores de
10 centros distintos, de Universidades y centros publicos de investigacion de nuestro pais. Sus
miembros cubren una muy amplia gama de disciplinas teméaticas y metodoldgicas, y de ambitos
regionales de investigacion, segin se detallard a continuacion. La finalidad del programa es
precisamente integrar esas investigaciones en un marco comun de referencia: la problematica de la
relacion entre la topografia y la evolucién 4D de Iberia.

La productividad cientifica del equipo se puede sintetizar, a partir de los CV de sus componentes y
segun los datos disponibles en el ‘1SI Web of Knowledge’, en un total de 1698 articulos publicados en
revistas ISI, que han recibido un total de 18503 citas ISI. Si se consideran solamente los articulos sin
repeticiones (eliminando las duplicidades entre investigadores y/o grupos) las cifras resultantes son de
1194 articulos y 12766 citas, con un promedio de 10.7 Citas/Articulo. A titulo de comparacion,
siempre segin datos ‘ISI Web of Knowledge’, en el periodo 1995-2005 el equipo investigador de
Topo-lberia ha publicado el 16% de los trabajos de toda la comunidad Espafiola en Geociencias, los
cuales han recibido el 20% de las citas totales correspondientes a dicha comunidad.

El Investigador Coordinador del proyecto es el Dr. Josep Gallart Muset, Profesor de Investigacion del
Instituto de Ciencias de la Tierra ‘Jaume Almera’ del CSIC. Su actividad cientifica se centra en
estudios de estructura y dindmica de la Tierra a partir de metodologias geofisicas, fundamentalmente
sismicas, efectuados en entornos geotectdénicos muy diversos, desde sistemas orogénicos (Pirineos,
Himalayas-Tibet, o Urales), margenes continentales, zonas de subduccién, sistemas volcanicos, etc.
Ha liderado una docena de proyectos de investigacion nacionales y 6 de la Union Europea. Su
productividad cientifica se refleja en 70 articulos publicados en revistas SCI, que han recibido un total
de 1267 Citas, con un promedio de 18.1 Citas/Articulo. Tiene un indice h (Hirsch) de 20. Cinco de sus
publicaciones més relevantes son:

- Daigniéres, M., Gallart, J., Banda, E. And Hirn, A. "Implications of the seismic structure for the
orogenic evolution of the Pyrenean range". Earth and Planetary Science Letters, 57, (1982), pp. 88-
100. Impact Factor (2004): 3.5. Times Cited: 80

- Hirn, A,, Nicolich, R., Gallart, J., Laigle, M., Cernobori, L. And The Etnaseis Scientific Group. "Roots
of Etna volcano in faults of great earthquakes”. Earth and Planetary Science Letters, 148, (1997), pp.
171-191. Impact Factor (2004): 3.5; Times Cited: 69

- Hirn, A, Jiang, M., Diaz, J., Nercessian, A., Sapin, M., Lu, Q.T., Lepine, J.C., -Shi, D.N., Sachpazi,
M., Pandey, M.R., Ma, K. And Gallart, J. "Seismic anisotropy as an indicator of mantle flow beneath
the Himalayas and Tibet". Nature, 375, (1995), pp. 571-574. Impact Factor (2004): 32.18. Times cited:
50

- Carbonell, R., Perez-Estaun, A., Gallart, J., Diaz, J., Kashubin, S., Mechie, J., Staadtlander, R.,
Schulze, A., Knapp, J.H. And Morozov, A. "Crustal root beneath the Urals: Wide-angle seismic
evidence". Science, 274, 5285, (1996) pp. 222-224. Impact Factor (2004): 31.85. Times cited: 44
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- Banda, E., Gallart, J., Garcia-Duefias, V., Dafiobeitia, J.J. And Makris, J. "Lateral variation of the crust
in the Iberian Peninsula. New evidence from the Betic Cordillera”. Tectonophysics , 221, (1993), pp.
53-66. Impact Factor (2004): 1.84. Times cited: 43

Ambitos de investigacion de los grupos que forman el equipo.

1. Grupo de estructura y dinamica de la Tierra, del Instituto de Ciencias de la Tierra ‘Jaume Almera’-
CSIC Barcelona (ICTJA).

Sus lineas de investigacion pueden agruparse en tres grandes tematicas:

a) Tectonofisica

Esta es la linea mas caracteristica del grupo, en la que se integran practicamente todos sus miembros.

Su finalidad genérica es el estudio de la estructura y dindmica de la litosfera. Sus objetivos conciernen

una gran variedad de entornos tecténicos, incluyendo orégenos de colision, margenes activos y

pasivos y cuencas sedimentarias, y pueden resumirse en:

- Construir modelos petrofisicos integrados de la litosfera y manto subyacente a escalas regional y
global utilizando campos potenciales, parametros sismicos procedentes de multiples experimentos
de campo, datos térmicos y petrolégicos.

- Estudiar la deformacion de la litosfera combinando perfiles sismicos, geologia superficial y
modelizacion numérica.

- Estudiar cémo los procesos de origen profundo afectan a toda la columna cortical e interaccionan
con procesos superficiales.

b) Geologia y Geofisica aplicadas

Esta linea comporta una colaboracién directa con la industria, en sectores de geotecnia y medio

ambiente, si bien las actividades tienen siempre una componente de interés académico. Sus objetivos

son

- En el sector energético, estructuras geoldgicas y condiciones térmicas favorables a la formacion y
atrapado de hidrocarburos.

- En el sector geotécnico, estudio de caracteristicas del subsuelo ante la construcciéon de
infraestructuras de gran escala, como tineles, autopistas, oleoductos, etc.

- En el tema medioambiental, prospeccion para almacenamientos de residuos, trampas de
reservorios de CO,, etc.

c¢) Desarrollo de metodologias geofisicas

En esta tematica se efectua:

- Investigacion de nuevos métodos para deteccién y procesado de sefiales sismicas, métodos de
inversion y modelizacion de propagacién de ondas.

- Desarrollo de nuevos algoritmos seglin esquemas Eulerianos que describen la cinematica de una
interfase durante la deformacion, para integrar datos geofisicos y petroldgicos

2. Grupo de Geodindmica y Geofisica de la Universidad de Granada

Este grupo estd compuestos por investigadores procedentes de diferentes campos de investigacion en
Ciencias de la Tierra. Una parte importante F. Gonzalez Lodeiro (F. G. L), J. I. Soto Hermoso (J. I. S),
G. Booth Rea (G. B-R), D. Martinez Poyatos (D. M-P); F. Simancas Cabrera F. S. C.), J. C. Balanya
Roure J. C. B-R), A. Jabaloy (A. J), I. Exposito (I. E.), J. Galindo Zaldivar (J. G-Z), J. M. Martinez (J.
M. M.), A. Crespo Blanc (A C. B), M. Orozco (M. O.), M. Diaz Azpiroz (M. D-A), Antonio Azor (A.
A) J. M. Azafion (J-M. A)M. C. Comas (M. C. C) C Sanz de Galdeano (C. S. G) tienen como campo
de investigacién la Geologia Estructural, Tecténica y Geologia del Subsuelo.

La mayor parte de los investigadores citados han desarrollado su investigacion en las Cordilleras
Bético-Rifefias (F. G. L, J. I. S, G. B-R, D. D. M-P, F.S. C.,J. C. B-R, A. J,J. G-Z,J. M. M., AC. B,
M.O., M. C.C, A A, J-M. A,y C. S. G); en el Macizo Ibérico (F. G. L, D. M-P,F.S.C.,J. G-Z, A
C.B,M. 0O, I.E, M. D-A, A. A), en la meseta marroqui (F. G.L.,F.S.C.; A.A,D. M-PyJ. G-Z))
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y en la region del Anti-Atlas (F. G. L., F. S. C.; A. A. y D. M-P). En temas geomorfoldgicos y de
evolucion del relieve han desarrollado sus trabajos: Antonio Azor, J.-M Azafion, en las Cordilleras
Bético-Rifefias.

En las cuestiones relacionadas con paleoclimatologia, cambio climatico, paleogeografia,
sedimentologia y paleontologia en las Cordilleras Bético -Rifefias tienen una gran experiencia J.
Martin Martin, J-C. Braga, M. C. Comas, P. Rivas, E Martin Suarez, M. Ortega y F. Martinez Ruiz.
Los estudios de geofisica (sismica de refraccién, tomografia sismica, entre otras) estan cubiertos por
José Morales, | Bermejo, D. Stich y M-T Teixido. Por ultimo sefialar que en el &mbito de la petrologia,
mineralogia y geologia isotdpica se cuenta con los investigadores: M. Ortega, M-T GOmez Pugnaire y
F. Martinez Ruiz.

En los curriculos adjuntos se pone de manifiesto la participacion en proyectos en los cuales todos estos
investigadores han participado en temas muy relacionados con los objetivos de Topo-Ibéria. Todos los
miembros del equipo han desarrollado sus trabajos en colaboracion con gedlogos y geofisicos
marroquies en el marco de proyectos de investigacion financiados por la Agencia Espafiola de
Cooperacion Internacional y la Consejeria de la Presidencia de la Junta de Andalucia.

Cinco articulos relevantes del Investigador Responsable de este Grupo, Dr. Francisco Gonzalez
Lodeiro, Catedratico de Geodinamica de la Universidad de Granada, son:

- Morales J, Serrano |, Jabaloy A, Galindo-Zaldivar J, Zhao D, Torcal F, Vidal F, Gonzélez-Lodeiro
E (1999). Active continental subduction beneath the Betic Cordillera and the Alboran Sea.
Geology 27 (8): 735-738, Times cited: 38

- Monie P, Galindo Zaldivar J, Gonzéalez Lodeiro F, Goffe B, Jabaloy A (1991). Ar-40/Ar-39
Geochronology of alpine tectonism in the Betic cordilleras (Southern Spain). Journal of the
Geological Society 148: 289-297. Times cited 71

- Goffe B, Michard A, Garcia Duefias V, Gonzalez Lodeiro F, Monie P, Campos J, Galindo
Zaldivar J, Jabaloy A, Martinez Martinez JM, Simancas JF (1989). 1ST evidence of high -
pressure, low-temperature metamorphism in the alpujarride nappes, Betic Cordilleras (SE Spain).
European Journal of Mineralogy 1 (1): 139-142 1989. Times cited: 77

- Galindo Zaldivar J, Gonzélez Lodeiro F, Jabaloy A (1989). Progressive extensional shear structures
in a detachement contact in the western Sierra Nevada (Betic-Cordilleras, Spain). Geodinamica
Acta 3 (1): 73-85 1989. Times cited: 66

- Galindo Zaldivar J, Gonzélez Lodeiro F, Jabaloy A (1993). Stress and paleostress in the Betic-Rif
Cordilleras (Miocene to the present) Tectonophysics 227 (1-4): 105-126. Times cited: 37

3. Grupo de Geofisica y Geodinamica de la Universidad de Oviedo

La actividad investigadora de este Grupo ha estado centrada principalmente en el conocimiento de la
estructura geoldgica y evolucion tectonica del NO de la Peninsula Ibérica. EI grupo ha impulsado el
conocimiento de la geologia de dicha zona a lo largo de una amplia region de mas de 800 Km de
longitud y una anchura de méas de 150 Km, desde la cobertera mesozoico-terciaria de Cantabria-Pais
Vasco y el Pirineo hasta las costas atlanticas de Galicia. EI progreso en el conocimiento geolégico de
tan amplia zona exigié en primer lugar un considerable esfuerzo en el levantamiento de mapas
geoldgicos, imprescindibles para deducir la estructura y evolucion tectonica de la zona. A modo de
ejemplo, se puede mencionar que los mapas oficiales del Mapa Geoldgico de Espafia realizados por
miembros del grupo, exclusivamente o en colaboracion con otros investigadores, son, hasta la fecha,
mas de media docena de hojas a E. 1:200.000 y mas de medio centenar de hojas a E. 1:50.000. A estos
habria que afadir los numerosos mapas geoldgicos publicados acompafiando trabajos cientificos
diversos, tesis doctorales, tesinas, etc.
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Las aportaciones de este grupo al conocimiento geoldgico del N de Espafia quedan de manifiesto en el
gran numero de publicaciones cientificas -mas de 300- realizadas hasta la actualidad. Estas
publicaciones han aparecido tanto en revistas nacionales como en revistas cientificas internacionales
de la méxima difusion dentro del campo de las Ciencias de la Tierra, tales como: American Journal of
Science. Neues Jahrbuch fur Geologie und Palaeontologie, Geological Journal, Tectonophysics,
Hercynica, Tectonics, Geologische Rundschau, Sciences Geologiques, Journal of Structural Geology,
Annales Geophysicae, Economic Geology, J. Geol. Soc. London, Bull. Geol. Soc France,
Geodinamica Acta, Geophysical Research Letters, Journal of Geophysical Ressearch, Marine
Geology, Geology, AAPG, etc., asi como en varios libros o volimenes monograficos editados en
Espafia 0 en extranjero.

Su actividad cientifica queda también reflejada en los numerosos proyectos de investigacion en los que
ha participado en los Ultimos afios y en los que participa en la actualidad. Muchos de los proyectos
ejecutados se enmarcaron en los objetivos prioritarios del Plan Nacional de Investigacién y Desarrollo,
dentro de los programas Recursos Geoldgicos e I+D en Medio Ambiente.

Las lineas de investigacion que desarrolla el grupo investigador son las siguientes:

1) Estructura y dindmica de la litosfera: Sismica de refraccion- reflexion de gran angulo y
sismica de reflexion vertical. Sismicidad, sismotectonica y riesgo sismico. Evolucion geodinamica de
los margenes continentales y las cuencas sedimentarias marinas. Implicaciones de los resultados
geofisicos de estructura en la evolucion geotecténica. Modelizacién numérica de los procesos
geodinamicos de formacién de cuencas y levantamiento de cordilleras.

2). Procesos de deformacion de la corteza: evolucion de or6genos y cuencas sedimentarias:
Geologia Estructural y Tectdnica de zonas orogénicas, Geometria y cinematica de pliegues y fallas.
Relaciones tectdnica-sedimentacion. Geologia Regional (Orégeno Varisco Ibérico, Ordgeno
Pirenaico-Cantabrico, margen continental noribérico)

3). Exploracion de recursos naturales y estudios de subsuelo: Modelizacion de yacimientos y
recursos minerales. Aplicacién de métodos estructurales en la exploracion de hidrocarburos.
Aplicacion de los métodos geofisicos a la exploracion de recursos naturales y a estudios de medio
ambiente e ingenieria.

La oferta general de tecnologia y conocimiento del grupo de investigacion incluye: i) Metodologias
geofisicas para la exploracién de recursos naturales: Sismica de reflexion y refraccién, campos
potenciales (gravedad, magnetismo). ii) Estudios de Sismicidad, sismotectdnica y riesgo sismico. iii)
Caracterizacién geoldgica y geotécnica del subsuelo: métodos geofisicos para la ingenieria del terreno.
iv)Técnicas de analisis, modelizacion y prediccion estructural en la exploracion de recursos naturales.
v) Estudio de paragénesis minerales, metalogenia y geoquimica de yacimientos.

Una parte importante de la actividad investigadora de este grupo se centra en estos momentos en el
establecimiento de la estructura cortical del NO peninsular y sus margenes continentales a partir de la
integracion de los datos de geologia de superficie con datos geofisicos, especialmente de sismica de
reflexion profunda y de refraccion/reflexion de gran angulo. Asi en los Gltima década se han ejecutado
a cabo cinco proyectos dentro de los planes nacionales de 1+D que han permitido el estudio de la
estructura cortical de toda la parte noroeste de la peninsula Ibérica, desde Galicia al Pirineo,
incluyendo la parte méas oriental del margen continental Cantabrico. Estos proyectos han supuesto
diversas campafias de adquisicion de datos geofisicos en tierra y mar que han aportado los primeros
datos generales sobre la estructura litosférica de toda esta amplia zona y han sido objeto de diversas
publicaciones en las revistas internacionales de mayor impacto y de presentaciones en congresos y
reuniones nacionales e internacionales.

Cinco articulos relevantes del Investigador Responsable de este Grupo, Dr. Francisco Javier Alvarez
Pulgar, Catedréatico de Geodinamica de la Universidad de Oviedo, son:

- Bastida, F., Martinez Catalan, J.R. y Pulgar, J.A. (1986): Structural, metamorphic and magmatic

history of the Mondofiedo nappe (Hercynian belt, Nw Spain). Journal of Structural Geology, 8 ( 3-
4), p. 415-430. Citas recibidas: 36

93



- Pérez Estaln, A., Bastida, F., Alonso, J.L., Marquinez, J., Aller, J., Alvarez Marron, J., Marcos, A.
y Pulgar, J.A. (1988): A thin-skinned tectonic model for an arcuate fold and thrust belt: The
Cantabrian Zone (Variscan Ibero-Armorican arc). Tectonics, 7(3), p. 517-537. Citas recibidas: 72

- Alonso, J.L. , Pulgar, J.A, Garcia-Ramos, J. C. Y Barba, P. (1996): Tertiary basins and Alpine
tectonics in the Cantabrian Mountains (NW Spain). In: P. F. Friend and C. J. Dabrio (Eds.) Tertiary
Basins of Spain: Tectonics, Climate and Sea-Level Changes, p. 214-227. Cambridge University
Press, Cambridge. ( ISBN: 0-521-46171-5). Citas recibidas: 25

- Pérez Estaln, A ., Pulgar, J. A., Banda, E., Alvarez Marrén, J. and Esci-N Research Group (1994).
Crustal structure of the external variscides in NW Spain from deep seismic reflection profiling.
Tectonophysics. 232, p. 91-118. Citas recibidas: 25

- Pulgar, J.A., Gallart, J., Fernandez-Viejo, G., Pérez-Estaln, A., Alvarez-Marron, J. and Escin
Group (1996): Seismic Image of the Cantabrian Mountains in the western extension of the
Pyrenees from integrated ESCIN reflection and refraction data. Tectonophysics, 264, 1-20. Citas
recibidas: 22

4. Grupo de Geodindmica y Geofisica de la Universidad de Barcelona

Los miembros del grupo UB tienen experiencia metodoldgica en Geologia estructural (Casas,
Guimera, Ruano, Sabat, Santanach), Analisis de cuencas (Salas, Guimera), Geomorfologia y riesgos
naturales (Furdada, Marqués, Vilaplana, Pallas) y en Geofisica, en particular sismologia (Surifiach,
Khazaradze), magnetoteldrica (Pous), prospeccion (Rivero), estructura litosférica (Pous, Surifiach,
Rivero) y modelizacion numérica (Khazaradze), Redes geodésicas y nivelacion de alta precision
aplicadas a la tectonica activa (Khazaradze, Surifiach), Paleosismologia (Masana, Santanach), y en el
campo de la Geocronologia se tiene experiencia en los métodos basados en isétopos cosmogénicos
(Bourlés, Braucher, Pallas). Regionalmente, todos los miembros del grupo han centrado buena parte
de su investigacion en la Peninsula Ibérica. También han trabajado en la peninsula italiana y Grecia
(Masana), en los Alpes (Surifiach, Furdada, Vilaplana, Khazaradze), en Escandinavia (Surifiach,
Khazaradze), en el NW de USA (Khazaradze), Centroamérica (Furdada, Vilaplana, Pallas, Marqueés,
Santanach, Masana), Andes (Sabat, Masana, Santanach, Salas, Khazaradze, Furdada), Antartida
(Sabat, Casas, Vilaplana, Furdada, Santanach, Pallas, Surifiach), Marruecos (Guimera, Ruano, Rivero)
y en Tien Shan, China (Ruano).Todos los investigadores del grupo han participado en los Gltimos afios
en proyectos nacionales. Entre los proyectos de la UE en los que han participado investigadores del
grupo cabe destacar los siguientes: FAUST (ENV4-CT97-0528, 1998-2000) y SAFE (ENGV-
CT2000-00023, 2001-2004) en Paleosismologia, SAME (ENV4-CT96-0258, 1996-1998) y SATSIE
(EVG1-CT2002-00059,2003-2006) en dinamica de avalanchas de nieve, instrumentacion y
modelizacion y ENV4-CT95-0134, 1996-1999 en el campo de erosion e impacto ambiental ligado a
hidrologia. También se ha participado en los programas MAST (1997-2000) y EUROPROBE (2001-
2002) en diversos campos de la geofisica asi como en INTERREG 11 en el tema de riesgos naturales
(2000-2001). Ademas en el campo de GPS en los proyectos andinos SFB267, 1999-2002 y 2002-2004
(Alemania) y los proyectos en el NW de EEUU 1434-HQ-98-GR-1027, 1998-2000 y EAR9616302,
1997-1999 financiados respectivamente por USGS y NSF de EEUU.

Cinco articulos relevantes del Investigador Responsable de este Grupo, Dr. Pedro Francisco Santanach
Prat, Catedratico de Geodindmica de la Universidad de Barcelona, son:

- J. Carreras, M. Julivert, P. Santanach (1980): Hercynian mylonite belts in the Eastern Pyrenees: an
example of shear zones associated with late folding. J. Struct. Geol., 2, 5-9. 33 citas en revistas ISI

- P. Anadén, F. Colombo, M. Esteban, M. Marzo, S. Robles, P. Santanach, L. Solé Sugrafies
(1979): Evolucion tectonoestratgréafica de los Catalanides. Acta Geol. Hispanica, 14 (1979), 242-
270. 39 citas en revistas ISI
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- P. Anadén, L. Cabrera, J. Guimera, P. Santanach (1985): Paleogene strike-slip deformation and
sedimentation along the southeastern margin of the Ebro Basin. In: Biddle, K.T. & Christie-Blick,
N. eds., Strike-Slip deformation, basin formation, and sedimentation, Soc. Econ. Pal. Min. Special
Publ., 37, 303-318. 62 citas en revistas ISI

- J.M. Fontboté, J. Guimera, E. Roca, F. Sabat, P. Santanach, F. Fernandez-Ortigosa (1990): The
Cenozoic geodynamic evolution of the Valéncia Trough (western Mediterranean). Rev. Soc. Geol.
Espafa, 3, 249-259. 42 citas en revistas ISI

- E. Masana, E., J.J Martinez-Diaz, J.L. Hernandez-Enrile, P. Santanach (2004): The Alhama de
Murcia fault (SE Spain), a seismogenic fault in a diffuse plate boundary. Seismotectonic
implications for the Ibero-Magrebian region. Journal of Geophysical Research, 109 (B01301), doi:
10.1029/2002JB002359, 1-17.2004. 1-17. 5 citas en revistas ISI

5. Grupo de Tectonofisica y Geofisica de la Universidad Complutense de Madrid

Este grupo esta formado por investigadores pertenecientes a dos departamentos de la Universidad
Complutense, el de Geodinamica de la Facultad de Geologia y el de Geofisica, Astronomia y
Astrofisica | de la Facultad de Fisica, y cuenta ademas con la participacion de dos investigadores del
Departamento de Geologia de la Universidad de Zaragoza, que abordan de forma integrada diversas
tematicas cientificas desde hace varios afios.

Los dmbitos de investigacion de los miembros del Departamento de Geodindmica son: Tectdnica
cenozoica del microcontinente Iberia (G. de Vicente y R. Vegas), Tectdnica y Geofisica (A. Mufioz
Marin), Geofisica aplicada (A. Carbd), vulcanismo Cenozoico (P. Llanes), Deformacion fragil,
Geologia estructural, Tecténica-neotectdnica (L. Antdn), Nucleacion de deformaciones cenozoicas en
discontinuidades variscas (JM. Gonzalez Casado), Simulacion numérica de fendmenos acoplados, de
medios geoldgicos fracturados, Problemas Inversos y Sistemas complejos (FJ Elorza), Cuantificacién
de la deformacion interna en cinturones orogénicos, Relaciones esfuerzo-deformacion y evolucion de
edificios volcanicos, y emplazamiento de batolitos graniticos y segregacion de fluido en migmatitas
(C. Rodriguez-Fernandez).

Por lo que se refiere a los miembros adscritos al Departamento de Geofisica, A. y A., sus ambitos de
investigacion se pueden esquematizar en: Geofisica, Perfiles sismicos (D. Cdrdoba), Sismologia,
anisotropia, caos y autoorganizacion (J.Téllez), Tectonica en las cadenas Béticas (A. Negredo) y
Paleomagnetismo (M. Osete).

En cuanto a los miembros del Departamento de Geologia (Geodinamica) de Zaragoza, desarrollan
investigaciones en Analisis morfotectdnico y de paleoesfuerzos en la Cadena Ibérica (JL. Simon
Gbémez), Estructura, relaciones tectonica-sedimentacion, geotecténica, paleomagnetismo vy
paleoesfuerzos en Cordillera Ibérica, Cuenca del Ebro y pirineo centro-occidental (A. Casas Sainz).

Cinco articulos relevantes del Investigador Responsable de este Grupo, Dr. Gerardo de Vicente
Mufoz, Profesor Titular de Geodinamica de la Universidad Complutense de Madrid, son:

- G. de Vicente, J. Giner, A. Mufioz-Martin, J.M. Gonzéalez-Casado y R. Lindo. Determination of
present-day stress tensor and neotectonic interval in the Spanish Central System and Madrid Basin,
central Spain. G. de Vicente, J. Giner, A. Mufioz-Martin, J.M. Gonzalez-Casado y R. Lindo.
Tectonophysics (1996) 266, 405-424. Citas recibidas: 25

- B. Andeweg, G. de Vicente, S. Cloetingh, J. Giner y A. Mufioz-Martin. Local stress fields and
intraplate deformation of Iberia: variations in spatial and temporal interplay of regional stress
sources. Tectonophysics (1999) 305, 153-164. Citas recibidas: 13

- M. Herraiz, G. de Vicente, R. Lindo, J, Giner, J.L. Simon, J.M. Gonzalez-Casado, O. Vadillo, M-
A- Rodriguez-Pascua, J. Cicuéndez, A. Casas, L. Cabafias, P. Rincén, L. Cortés, M. Ramirez y M.
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Lucini. A new perspective about the recent (Upper Miocene to Quaternary) and present tectonic
stress distributions in the Iberian Peninsula. Tectonics (2000) 19 (4) 762-786. Citas recibidas: 29

- S.Cloetingh, E. Burov, F. Beekman, B. Andeweg, P.A.M. Andriessen, D. Garcia-Castellanos, G. de
Vicente y R. Vegas. Lithospheric folding in lIberia. Tectonics (2002). 21,5,1041. 26 pp.
doi:10.1029/2001TC901031,2002. Citas recibidas: 6

- M.A. Rodriguez-Pascua, J.P. Calvo, G. de Vicente, y G. Gomez-Gras. Soft-sediment deformation
structures interpreted as seismites in lacustrine sediments of the Prebetic Zone, SE Spain, and their
potential use as indicators of earthquake magnitudes during the Late Miocene. Sedimentary
Geology (2000) 135,1-4, 117-135. Citas recibidas: 18

6. Grupo de Geodinamica del Atlas del Norte de Africa, de la Universidad Autbnoma de Barcelona

El grupo esta formado por investigadores del Departamento de Geologia de la Universidad Autonoma
de Barcelona, y cuenta asimismo con la participacion de dos miembros adscritos al Departamento de
Geologia de la Universidad de Salamanca, centros que colaboran estrechamente en la actualidad en
diversos proyectos.

Tras afios de experiencia en tectonica y geofisica adquirida en &reas como el macizo Ibérico, Pirineos,
Cordilleras Béticas y Urales, el grupo ha ido aumentando, de manera progresiva desde 1997, las
investigaciones sobre la geodinamica de las Cordilleras del Atlas de Marruecos. Desde entonces, sobre
ese ambito se ha dispuesto de 3 proyectos del Plan Nacional (dos de ellos enfocados especificamente
al Atlas), 4 proyectos AECI, 1 proyecto NATO y 2 Acciones Complementarias del MEC. En el marco
de estos proyectos se han utilizado métodos de trabajo que han ido variando paralelamente al avance
de la investigacion. Las actividades realizadas incluyen geologia estructural, tecténica/sedimentacion,
adquisicion y modelizacion gravimétrica, modelizacion de campos potenciales, estudio de huellas de
fision y de U-Th/He, geomorfologia, y geocronologia de nucleidos cosmogénicos. Para su desarrollo
se ha colaborado con equipos de universidades marroquies, francesas, espafiolas, estadounidenses, y
del ICTJA.

En sus diversos ambitos regionales, los miembros del grupo han realizado diversas publicaciones en
revistas nacionales e internacionales como la Revista de la Sociedad Geol6gica de Espafia, Estudios
Geoldgicos, Boletin del IGME, Journal of Structural Geology, Tectonics, Tectonophysics, Journal of
Geophysical Research, Geophysical Research Letters, Journal of the Geological Society of London,
Geology, Geological Society of America Bulletin, Journal of Metamorphic Petrology, Geologische
Rundschau, American Journal of Science, Terra Nova, Journal of African Earth Sciences,
Geomorphology, etc.

En la actualidad se proyecta desarrollar la vertiente de geomorfologia y procesos superficiales en las
investigaciones sobre el norte de Africa (se ha solicitado un proyecto del Plan Nacional de la
convocatoria vigente al respecto), y la posibilidad de realizar un experimento sismico a través de las
Cordilleras del Atlas. El equipo estd co-organizando un congreso internacional sobre tecténica y
movimientos verticales en el marco del International Lithosphere Program, a realizar en Marruecos en
el afio 2007.

Cinco articulos relevantes de la Investigadora Responsable de este Grupo, Dra. Maria Luisa Arboleya
Cimadevilla, Catedratica de Geodinamica de la Universidad Auténoma de Barcelona, son:

- Julivert, M, Arboleya, ML. A geometrical and kinematical approach to the nappe structure in an
arcuate fold belt - the Cantabrian nappes (Hercynian chain, NW Spain). Journal of Structural
Geology 6: 499-&, 1984. Citado 22 veces

- Julivert, M, Arboleya, ML. Areal balancing and estimate of areal reduction in a thin-skinned fold-
and-thrust belt (Cantabrian Zone, NW Spain) - constraints on its emplacement mechanism. Journal
of Structural Geology 8: 407-414, 1986. Citado 21 veces
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- Hirt, Am, Lowrie, W, Julivert, M, Arboleya, ML. Paleomagnetic results in support of a model for
the origin of the Asturian Arc. Tectonophysics 21: 321-339,1992. Citado 22 veces

- Martinez, FJ, Julivert, M, Sebastian, A., Arboleya,M.L, Gil Ibarguchi,J.l. Structural and thermal
evolution of high-grade areas in the northwestern parts of the Iberian Massif. American Journal of
Science 288: 969-996, 1998. Citado 16 veces

- Arboleya, ML, Engelder, T. Concentrated slip zones with subsidiary shears - their development on
three scales in the Cerro-Brass fault zone, Appalachian Valley and Ridge. Journal of Structural
Geology 17: 519-, 1995. Citado 12 veces

7. Grupo de Geologia y Geofisica del Instituto Geol6gico y Minero de Espafia (IGME)

El grupo de investigadores del IGME encuadrados en el proyecto se puede considerar organizado en
cuatro grupos tematicos en base a su experiencia metodoldgica y de desarrollo de proyectos de una
cierta relevancia: Geologia Estructural y Tectdnica, Geomorfologia, Geofisica y Geologia Marina.
Cabe sefialar que en cada uno de estos grupos se contara con la colaboracion de otros miembros del
centro, que no figuran explicitamente como solicitantes.

Los miembros del grupo IGME han trabajado en proyectos espafioles de relevancia internacional
como ESCI e IBERSEIS, asi como en los Andes, Peninsula Antartica, Caribe y Rif, (proyectos con
financiacion internacional del Banco Mundial, Union Europea (Programa SYSMIN), AECI, Plan
Nacional de I+D). Asimismo, en proyectos relevantes de geologia marina, como los vinculados a la
ampliacion de la ZEEE, VERTIMAR, y los europeos EUROCORE/EUROMARGINS.

Las acciones del grupo de Geologia Estructural y Tecténica (R. Rodriguez-Fernandez, N. Heredia, C.
Marin y J. Escuder) se centraran en la adquisicion y tratamiento de datos de geologia estructural,
tecténica activa y analisis tecto-sedimentario, asi como modelacion del levantamiento tecténico y
evolucién del relieve, en &mbitos de terminacién occidental de la Cordillera Cantabro-Pirenaica y sus
cuencas de antepais, sector central del Macizo Ibérico y Cordillera Bético-Rifefia.

En la tematica de Geomorfologia (A. Martin-Serrano) se efectuaran acciones relacionadas con el
andlisis de la red fluvial: anomalias de trazado y sus causas, distribucion de pendientes, cuantificacion
de los valores de incision, determinaciones cronolégicas en sedimentos asociados y modelos de
evolucién, asi como modelizacion del levantamiento tecténico y evolucién del relieve empleando
técnicas cuantitativas con utilizacion de MDTs y GIS.

Las acciones del Grupo de Geofisica (J.L. Garcia Lobon, C. Rey, C. Ayala) se centraran en la
adquisicion, procesado de datos y modelacion 2d y 3d de campos potenciales (gravimetria y
magnetismo), asi como en el anélisis de la estructura de geoide e isostasia local. La modelacion 2D
servira para la construccion inicial de modelos 3D de gravimetria y geoide y para el calculo isostatico
3D.

El Grupo de Geologia Marina (L. Somoza, A. Maestro) desarrollard su actuacion en el Margen
Atlantico Ibérico, tanto en el Golfo de Cadiz como Margen de Galicia y la Zona Cantabrica. Se
construiran modelos de la estructura y evolucion tecto-sedimentaria a partir de datos geofisicos
marinos y su correlacion con las zonas emergidas, y se elaborard una base de datos geofisicos marinos
(ecosonda multihaz, sismica multicanal, sismica de alta y muy alta resolucién, magnetometria,
gravimetria y sonar de barrido lateral) de las zonas estudiadas.

Cinco articulos relevantes del Investigador Responsable de este Grupo, Dr. Luis Roberto Rodriguez

Fernandez, Investigador Titular y Subdirector General del Instituto Geoldgico y Minero de Espafia,
son:

97



- Escuder Viruete J., Hernaiz Huerta P.P, Valverde Vaquero P., Rodriguez Fernandez L.R. Y
Dunning G.(1998).- Variscan Syncollisional extension in the Iberian Massif: structural,
metamorphic and geochronological evidences from the Somosierra sector of the “Sierra de
Guadarrama” (Central Iberian Zone, Spain). Tectonophysics. Holanda. 290 (1998) 87-109. 13 citas

- C.Marin, J. Galindo-Zaldivar Y L.R. Rodriguez-Fernandez (2003).- Joints, faults and paleostress
evolution in the Campo de Dalias (Betic Cordilleras, SE Spain). Comptes Rendus de I’Académie
des Sciences- Geoscieces 335, 255-264. 1 cita

- Marin, C; Galindo-Zaldivar, J; Rodriguez-Fernandez, L.R, Gonzalez-Lodeiro, F. (2004). Faulted
hybrid joints: an example from the Campo de Dalias (Betic Cordilleras, Spain). Journal of
Structural Geology 26 (2004) 2025-2037. 1 cita

- Marin-Lechado, C; Galindo-Zaldivar, J; Rodriguez-Fernandez, .L.R, , Serrano, Pedrera, A.
(2004). Active faults, seismicity and stress in an internal boundary of a tectonic arc ( Campo de
Dalias and Nijar, southeastern Betic Cordilleras, Spain). ). Tectonophysics. 07314. 1 cita

- Heredia, N.; Rodriguez Fernandez, L.R.; Gallastegui, G.; Busquets, P. & Colombo, F.;. (2002).-
Geological setting of the Argentine Frontal Cordillera in the flat-slab segment (30°00° y 31°30 S
latitude). In. Flat-Slab subduction in the Andes (V. Ramos & B Mc Nulty Eds.). Jour. South Am.
Earth Sci., Especial Issue, 15, 79-99. 2 citas

8. Grupo de Geofisica del Real Instituto y Observatorio de la Armada (ROA)

El ROA es una institucion de la Armada situada en San Fernando (Cadiz), de cerca de 250 afios de
antigiiedad. Trabaja en la actualidad en Astronomia, Efemérides Astronémicas, Geofisica-Geodesia y
Tiempo-Frecuencia. Desde 1856 se ubica en ella la Escuela de Estudios Superiores de la Armada, con
una actividad académica orientada principalmente a estudios de post-grado tanto de oficiales de la
Armada como de la Universidad: ingenieros hidrdgrafos, cursos de Doctorado, Master, etc.

En el campo de las Ciencias de la Tierra, el ROA realiza las siguientes actividades:

1) Sismologia: El Servicio de Sismologia mantiene una red de diez estaciones sismicas de Corto
Periodo (una y tres componentes) desplegadas en las inmediaciones del Estrecho de Gibraltar, de una
estacién larga del periodo de tres componentes y de una red sismica de Banda Ancha (BB) con ocho
estaciones instaladas en el Sur de Espafia-Norte de Africa, co-instaladas con estaciones permanentes
GPS. Sus principales lineas de investigacion se centran en sismicidad, fuente sismica, reflexion /
refraccion de gran angulo, tanto en tierra como en campafias marinas, instrumentacion sismica,
disefios electronicos, etc.

2) Geomagnetismo: El Servicio de Geomagnetismo mantiene dos observatorios geomagnéticos
permanentes con mediadas tanto absolutas como relativas. Asimismo, se participa en camparias
geofisicas tanto terrestres como marinas. Sus actividades principales de la investigacién son en
estructura, geodindmica y tectdnica a través de campos potenciales, para lo que se emplea “Geosoft”
como software de andlisis.

3) Meteorologia: Dispone de estaciones meteoroldgicas permanentes orientadas a corregir las
observaciones astrondmicas, geodésicas, etc.

4) Geodesia: El Servicio de Satélites posee una amplia experiencia en el seguimiento de satélites
artificiales mediante tecnologia laser, que nacié con la instalacién de una camara Baker-Nunn a finales
de los afios 50. En la actualidad se dispone de una estacion permanente de seguimiento de satélites
artificiales por técnicas laser (SLR), tnica en su género en la zona Peninsula Ibérica — Norte de Africa.
Este Servicio posee ademas amplia experiencia en las aplicaciones GPS para la Geodinamica. Desde
finales de 1995 se dispone de una estacion permanente GPS co-instalada con la estacion SLR,
asociada al IGS, formando ambas parte del Sistema Internacional de Referencia Terrestre (ITRF).
Asimismo y con la finalidad de estudiar las deformaciones geodindmicas en la zona Sur de la
Peninsula - Norte de Africa, en el afio 1994 se comenz6 a desplegar una red temporal de observacion
geodinamica GPS, que se ha reobservado periédicamente. Asimismo, se comenzd a desplegar una red
GPS permanente que, en la actualidad cuenta con diez estaciones desplegadas en la zona, algunas de
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ellas co-instaladas con las sismicas de BB. Para el procesado de los datos GPS se dispone del
software GIPSY-OASIS Il (JPL).

Cinco articulos relevantes del Investigador Responsable de este Grupo, Dr. José Martin Davila,
Capitan de Fragata de la Armada y Jefe de la Seccion de Geofisica del ROA, son:

M. Catalan, J. Martin Davila and ZEEE Working Group (2005). “A magnetic anomaly picture
offshore Canary archipelago”. Marine Geophysical Researches. Vol 24 (1-2), 129 - 148

- A. Mufioz, M. Catalan, J. Martin Davila, A. Carb6 (2005). Upper Crustal structure of
Deception Island area (Brandsfield Strait, Antarctica) from gravimetric and magnetic
modeling. Antarctic Science. Vol. 17 (2), 213- 224

- A. Pazos, G. Alguacil and J. Martin Davila (2005). A simple method to extend the
bandwith of electromagnetic sensors. Bulletin of the Seismological Society of America
(BSSA). Vol. 95, 1940 -1947.

- J.J. Martinez Benjamin, J. Martin Davila, J. Garate, P. Bonnefond, A.M. Baron Isanta, et al. (2004).
Ibiza Absolute calibration Experiment: Survey and Preliminary results. Marine Geodesy. Vol. 27,
657- 681.

- E. Buforn, J. Martin Davila y Udias, A. (Eds.) (2004). PAGEOPH Topical Volumes:
“Geodynamics of Azores-Tunisia”. Birkhauser Verlag. Berlin. 473- 772.

9. Grupo de Microgeodesia de la Universidad de Jaén

El grupo Microgeodesia de la Universidad de Jaén tiene entre sus lineas prioritarias de investigacion el
control de deformaciones del terreno en zonas tectonicamente activas con técnicas geodésicas de alta
precision (GPS, Nivelacion, etc.). La zona donde ha realizado principalmente sus actividades es en la
Cordillera Bética, especialmente en los sectores central y oriental, donde ha establecido redes GPS
regionales no permanentes en la Cuenca de Granada y Cuenca de Bajo Segura y varios perfiles de
nivelacion en la ciudad de Granada y otro de 30 km entre La Marina y Torrevieja (Alicante). En la
actualidad estd extendiendo este tipo de redes a otros sectores de interés como son la Falla de
Zafarraya y Pliegue de Sierra Tejeda, asi como la Falla de Balanegra y Sierra de Gador. Los
principales proyectos de investigacién donde se encuadran estas actividades son los siguientes:
Control de deformaciones a escala local y regional con técnicas geodésicas de alta precision en zonas
tecténicamente activas. Aplicacion en el sector central de la Cordillera Bética, DGESIC PB97-1267-
C03-03, Control de deformaciones verticales en el area de Torrevieja mediante la comparacion de
nivelaciones de precision, Accion Especial BTE2000-3337-E y Actividad tectonica actual de la falla
de Balanegra y su relacién con pliegues mayores, Accion complementaria CGL2004-0167-E.

Por otra parte, este grupo forma parte del consorcio GEOLOCALNET que participa desde enero de
2006 en el programa europeo GALILEO. Este programa es una iniciativa conjunta de la Comisién
Europea (EC) y de la Agencia Europea del Espacio (ESA) para proporcionar a Europa con su propio
sistema global de navegacién por satélites bajo control civil. GEOLOCALNET, es un consorcio
coordinado por la empresa italiana Galileian Plus S.r.l. y formado por la Universidad de Jaén
(Espana), la Universidad de Milan (Italia), la Universidad de Liubliana (Eslovenia) y las empresas
Space Engineering S.p.A. (Italia) y Harpha Sea, d.o.0. (Eslovenia), para la realizacién del proyecto de
investigacion “Innovative Concepts for High Accuracy Local Geodetic Networks”, (Research And
Development Activities, 6" Framework Programme, Call Number 2423, Area 3 — Innovation and
International Initiatives. Innovation by Small and Medium Enterprises). Este proyecto tiene por objeto
la elaboracion de software para el tratamiento de datos de GALILEO. Se pretende disefiar algoritmos,
modelos y procedimientos para mejorar la exactitud, asi como promover el empleo de las redes
geodésicas locales para el control de deformaciones.
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Los dmbitos de investigacidn de los componentes del grupo Antonio J. Gil, Clara de Lacy y Antonio
M. Ruiz son Geodesia, GPS y Galileo, y de Vicente Lépez Sanchez-Vizcaino Petrologia, Geoquimica
y Geologia Isotdpica.

Cinco articulos relevantes del Investigador Responsable de este Grupo, Dr. Antonio José Gil Cruz,
Catedratico de la escuela Politécnica Superior de la Universidad de Jaén, son:

- Lacy, M.C,, Sanso, F., Gil, A.J., Rodriguez-Caderot, G. (2005). A method for the ionospheric delay
estimation and interpolation in a local GPS network. Studia Geophysica et Geodaetica, 49 (1), 63-
84.

- Galindo-Zaldivar, J., Gil, AJ., Borque, M.J., Gonzalez-Lodeiro, F., Jabaloy, A., Marin-Lechado,
C., Ruano, P., Sanz de Galdeano, C. (2003). Active faulting in the internal zones of the central
Betic Cordilleras (SE, Spain). Journal of Geodynamics, 36 (1-2), 239-250. Citado 11 veces.

- Ruiz, A.M,, Ferhat, G., Alfaro, P., Sanz de Galdeano, C., de Lacy, M.C., Rodriguez-Caderot, G.,
Gil, AJ. (2003). Geodetic measurements of crustal deformation on NW-SE faults of the Betic
Cordillera, southern Spain, 1999-2001. Journal of Geodynamics, 35 (3), Pages 259-272. Citado
5 veces.

- Gil, AJ., Rodriguez-Caderot, G., Lacy, M.C., Ruiz, A.M., Sanz de Galdeano, C., Alfaro, P. (2002).
Establishment of a non-permanent GPS network to monitor the recent NE-SW deformation in the
Granada Basin (Betic Cordillera, Southern Spain). Studia Geophysica et Geodaetica, 46 (3), 395-
410. Citado 2 veces.

- Lacy, M.C., Rodriguez-Caderot, G., Marin, E., Ruiz, A., Borque, M.J., Gil, A.J., Biagi, L. (2001).
A gravimetric geoid computation and comparison with GPS results in Northern Andalusia (Spain).
Studia Geophysica et Geodaetica, 45 (1), 55-66. Citado 1 vez.

10. Grupo de Geocronologia de la Universidad de Cadiz

El grupo estd formado por un experto en geocronologia (L. Barbero) y un experto en tectonica (J.
Vazquez). El Dr. Luis Barbero comenzé su carrera investigadora estudiando procesos de génesis de
granitoides en condiciones de corteza media en la parte axial del Hercinico Ibérico. Trabajé sobre
problemas de desequilibrio isotopico durante la fusién en condiciones granuliticas en el Scotish
Universities Research and Reactor Center (East Kilbride, Reino Unido). En la Universidad de
Glasgow estudié los problemas de diacronismo en eventos metamorficos Dalradienses mediante
geocronologia Sm-Nd de alta precisién. Posee amplia experiencia en geocronologia con sistemas Rb-
Sr, Sm-Nd, U-Pb y K-Ar. En la Universidad de Céadiz desde 1995, comienza a investigar el campo de
la geologia isotdpica de baja temperatura, aprendiendo técnicas de termocronologia mediante huellas
de fisidn en una estancia en el University College de Londres. Posteriormente, mediante un proyecto
financiado por la CE pone en marcha el primer laboratorio de huellas de fision del pais y desde aquel
entonces realiza investigaciones en dos grandes tematicas: a) exhumacion de cordilleras, habiendo
trabajado en la parte central del Hercinico Ibérico, en problemas de exhumacion en los Andes
patagonicos y en el Alto Atlas marroqui; y b) estudios de evolucién termal de cuencas sedimentarias,
trabajando en las zonas externas de la Cordillera Bética y en la cuenca de Cameros situada en la
cordillera Ibérica. Desde el punto de vista metodolégico ha colaborado en el desarrollo de una nueva
técnica de datacion mediante el estudio de las huellas de retroceso alfa en colaboracion con el Instituto
Max Plank de Fisica Nuclear. Ha participado en un total de 11 proyectos nacionales e internacionales,
en 3 de los cuales ha sido Investigador Principal.

El Dr. J. Toméas Vazquez dedica su actividad investigadora al analisis estructural y estratigrafico del
subsuelo mediante la utilizacion de perfiles sismicos de reflexion de distinto rango. Sus principales
lineas de interés son la neotectdnica y tectonica cenozoica, asi como el analisis de cuencas
sedimentarias y la evolucion de margenes continentales. Tiene una amplia experiencia en la
adquisicion, procesado e interpretacion de perfiles sismicos de reflexion. Realiz6 su tesis en la
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Estructura de la Cuenca del Mar de Alboran y destacan sus trabajos sobre el Golfo de Cadiz, asi como
sobre el margen Pacifico de la Peninsula Antartica y el limite entre los mares de Scotia y Weddell.
Comenzo su actividad investigadora estudiando el margen continental mediterraneo y en la actualidad
ha comenzado a trabajar en los margenes cantabrico y gallego. Ha participado en 18 proyectos
nacionales, entre los que destacan 5 realizados dentro del programa nacional antartico sobre procesos
de formacién de cuencas oceanicas, fragmentacion continental y construccion de margenes de altas
latitudes (ANTPAC, SCOT, SCAN) y 3 sobre la evolucion tectonica y sedimentaria del Golfo de
Céadiz (FADO, TASYO; GADES), asi como dos acciones contempladas en el marco del programa
EUROMARGINS de la ESF dedicadas al estudio de la relacion entre actividad tecténica y la presencia
de gases hidratados en el Golfo de Cadiz.

Cinco articulos relevantes del Investigador Responsable de este Grupo, Dr. Luis Barbero Gonzélez,
Profesor Titular de Petrologia y Geoquimica de la Universidad de Cédiz, son:

- Barbero, L., And Villaseca, C (1992). The Layos Granite, Hercynian Complex Of Toledo (Spain) -
An Example Of Parautochthonous Restite-Rich Granite In A Granulitic Area. Trans. R. Soc.
Edinburgh Earth Sci., 83, 127-138. Times Cited: 21

- Barbero, L., Villaseca, C., Rogers, G., And Brown, P.E. (1995). Geochemical And Isotopic
Disequilibrium In Crustal Melting - An Insight From The Anatectic Granitoids From Toledo,
Spain. J. Geophys. Res., 100, 15745-15765.Times Cited: 47

- Barbero, L. (1995). Granulite-Facies Metamorphism In The Anatectic Complex Of Toledo, Spain -
Late-Hercynian Tectonic Evolution By Crustal Extension. J. Geol. Soc. London, 152, 365-382.
Times Cited: 10

- Villaseca, C., Barbero, L., And Rogers, G. (1998). Crustal Origin Of Hercynian Peraluminous
Granitic Batholiths Of Central Spain: Petrological, Geochemical And Isotopic (Sr, Nd) Constraints.
Lithos, 43, 55-79. Times Cited: 29

- Villaseca, C., Downes, H., Pin, C., And Barbero, L. (1999). Nature And Composition Of The
Lower Continental Crust In Central Spain And The Granulite-Granite Linkage: Inferences From
Granulitic Xenoliths. J. Petrol., 40, 1465-1496. Times Cited: 14
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Proyectos de Investigacion relevantes, de ambito internacional, desarrollados por miembros del equipo Topo-Iberia.

Subvencion concedida Periodo de
vigencia
Titulo del proyecto o contrato Investigador Principal Entidad financiadora y
referencia del proyecto
EURO
Structure of the crust under the volcanic zone of Olot and lateral variations from J. Gallart 9.044.000 Pts Commission of the European 1986 - 1989
seismic refraction techniques. Communities - JOULE
Programme (EN3G-0074-EB)
Climatologia y riesgos naturales. Climatic changes in the NE Iberian Peninsula from | R. Julia 54.842 € CEEU - Comunidad Econdmica | 1987-1989
127.000 y BP to Holocene Europea
Paleozoic geodynamic domains and their alpidic evolution in the Tethys. D. Papanicolau, F.P. IGCP Project n°276. UNESCO | 1987-1992
Sassiy y A. Sinha
ILIHA: Iberian Lithosphere Heterogeneity and Anisotropy. A. Lépez Arroyo/J.Gallart | Total:1.202.000 ECU; | Commission of the European 1988-1991
Communities - SCIENCE
Programme (ST2P-0389-C-A)
Variscan Iberian Belt 43 N transect A.Pérez Estaln Global Geosciences Transect 1989-1992
Projects
Comparative Studies of Intraplate Mountain Belts in Iberia and the Rocky and A. Pérez Estaln NATO 1989-1992
Ancestral Rocky Mountains of North America
STREAMERS: Structural Transects of the Rim of Europe to Affica by Marine A. Hirn 1.000.000 ECU Commission of European 1990-1993
Exploration Reflection Seismics. Communities - JOULE
Programme
Paleocene/Eocene Boundary Events E. Molina IUGS/UNESCO. 1990-1993
Seismic Risk in Mexico City associated to the crustal structure in seismic active zones | D. Cordoba Commission of the European 1991-1993
by means of deep seismic sounding (RISICO) Communities CI*0635M./JR
Temporal ocurrence and forecasting of landsliding in E.C. J. Coromines 24.040 € CEEU - Comunidad Econdmica | 1991-1993
Europea
PL89-0146
Europrobe, The tectonic evolution of Europe from the Ural Mountains to the Atlantic | Dr. Gee European Science Foundation | 1991-1996
Ocean
Origin and evolution of desertification in the mediterranean environment in Spain R. Julia 48.080 € UNER - Union Europea 1992-1994
EV5V-CT91-0037
Geophysical study of intraplate volcanism: Canary and Society Archipelagos. J.J. Dafiobeitia 130.000 ECU Commission of European 1992-1994

Communities - Twinning
Programme
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On the best estimate of the geoid and of the sea topography in the Mediterranean | M.J. Sevilla 170.000 ECUS Plan Science CEE - Contrato 1992-1994
Sea SCI-CT92-0808
Iberian Atlantic Margins 1AM E. Banda 1.300.000 ECU Commission of the European 1992-1994
Communities-JOULE
Programme
Integrated Basin Studies. IBS Project Sierd Cloetingh et al. Total: 360.450.000 Comunidad Europea 1993-1995
ptas . Joule Il Programme (JOU2-
UB: 23.229.000 ptas | CT92-110).
Formation modelling of the Guadalquivir Foreland Basin: Integrated Basin Studies | M. Fernandez Unién Europea (JOU2-CT92- 1993-1995
110)
FOURNASEIS: Fournaise operation of undershooting, refraction and normal angle | J. Gallart Barcelona: 316.250 Commission of the European 1993-1996
seismic sounding. Seismic tomography of Piton de la Fournaise volcano. ECU. Total: 814.000 | Communities - Environment
ECU Programme (EV5VCT92-0188)
ETNASEIS: Etna tomography. Novel approach by seismology. Etna volcano J. Gallart 213.000 ECU Commission of the European 1993-1996
behavioural model. Communities - Environment
Programme (EV5VCT92-0187)
European Laboratory Volcanoes: Teide. Definition of the fine structures and the J. Marti Programa EVOP, C.E.E 1993-1996
plumbing system aimed at eruption prediction, hazard assesment and eruptive
mechanism understanding
Contribution a I'étude de la dynamique des avalanches dans un but de cartographie | J.L. Vilaplana, G. 76.629 € CEEU - Comunidad Econdmica | 1993-1996
du risque. Formation a la modelisation dans le domaine des phenoménes naturels | Brugnot Europea
CHRX-CT93-0307
Evolution and Correlation of Epicratonic Peritethyan Basins. Proyecto 343 J. Dercourt Network CEE. Euro-Tethys 1993-2000
Conference
Atlas of Geothermal Resources in Europe. Spain M. Fernandez Unién Europea (JOU2-CT93- 1994-1997
0298)
Comparative geophysical transects across Costa Rica J.J. Dafiobeitia 55.000 ECU Commission of European 1994-1997
Communities - ALAMED
Programme
Palaeomagnetic constrains and structural block rotations in orogenic zones from M.L. Osete, R. Vegas, 30.000 € Proyecto Comunidades 1994-1998

Mexico and Spain

J.M. Parés, J. Urrutia, D.
Tarling

Europeas, Cl I-CT94-0114

103




The uralide orogen- a key to understanding collisional orogenesis A.Pérez Estaln 90.000 € INTAS 1995-1996
INTAS-94-1857

Geodynamic Modelling of the Western Mediterranean M. Fernandez 84.017 € Uni6n Europea (CHRX-CT94- 1995-1998

(global 370.000 €) 0607)
ODP Leg 161 - Med I, Mar de Alboran, (Co-chief scientist). M.C. ODP /JOIDES / NSF (EEUU) 1995 - 1999
Comas

Snow avalanche mapping and warning in Europe J.L. Vilaplana 55.076 € UNER - Union Europea 1996-1998
ENV4-CT96-0258

Sea Level Fluctuations in the Mediterranean: Interactions with climate processes S. Zerbini Unién Europea (ENV4-CT95- 1996-1998

and vertical crustal movements (SELF II). Coor. Espafia: L. Tejedor 0087).

Investigation and modelling of the physical characteristics and properties of snow at | J. Calvet 54.091 € UNER - Union Europea 1996-1999

the surface of polar ice sheets PL95-1444

FEBEX: Full scale Engineered Barriers Experiment in Crystalline Host Rock Fco. Javier Elorza Union Europea y ENRESA. 1996-1999
Contract n° FI4W-CT95-0006

URO, TMR Network A. Pérez Estaln Commission of the European 1996-2000
Communities
ERBMRXCT 960009

Plan de asistencia al sector minero de la RepUblica Argentina (PASMA): V. Gabaldon /L. R. 1.120.000 US déllars | BIRD Banco Mundial Préstamo | 1996-2001

Subcomponente C.1. Programa C.1.a ( Cartografia Geolégica y Tematica) Rodriguez L-3927-AR

CHESS: Climate, Hydrochemistry and Economics of Surface Waters Systems. Fco. Javier Elorza Union Europea. Contract n° 1997-2000
ENV4-CT97-0440

Development of a methodology for detecting deep metal ore deposits through H. Pauwels Unién Europea (Actual cost 1997-2000

physic-chemical analysis of fluids in shallow boreholes contract n° BRPR-CT97-0374)

CLIPEX: Clay Instrumentation Programme for the Extension of an Underground Fco. Javier Elorza Union Europea y ENRESA. 1997-2001

Research Laboratory. Contract n° FI4W-CT96-0028

Big sources of earthquake and tsunami in SW Iberia J.J. Dafiobeitia 91.000 € UE 1998-2000
ENV4-CT97-0547

Caracterizacion del potencial sismico de la falla de Carboneras (Almeria) mediante | P. Santanach 78.131€ CERG - Commission of the 1998-2000

trincheras european communities
ENV4-CT97-0578

Meteorological applications of GPS: Integrated column water vapor measurements | Coord: J. Hasse (ACRI) | 100.000 € UE - ENV4 - CT98-0745 1998-2000

in the western Mediterranean (MAGIC)

IP ROA: J. Martin Davila
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FAUST: Faults as a seismologist's tool UB:P. Santanach 78.132€ UE 1998-2001
Thermal evolution of the Norwegian margin M. Torné 234.431€ NORSK-HYDRO 2000-2001
Upgrading of San Fernando Laser Tracking Station Contratante: R. Boloix Agencia Espacial Europea 2000-2001
IP ROA : J. Martin Davila Contract 13833/99/NL/SF
Human interaction with large scale coastal morphological evolution (HUMOR) Dr. Losada European Comission (UE), N°.: | 2000-2003
EVK3-2000-22014
FEBEX II: Full scale Engineered Barriers Experiment in Crystalline Host Rock Fco. Javier Elorza Uni6n Europea y ENRESA. 2000-2004
Contract n°® FIKW-CT-2000-
00016
Study of the variscan evolution in SW Iberian Peninsula J. Pous 60.104 UNER - Unién Europea 2001-2002
HPMF-CT-2001-01358
Study of the variscan evolution in SW Iberian Peninsula J. Pous 60.104 € UE 2001-2002
HPMF-CT-2001-01358
Joint European Ocean Drilling Initiative (JEODI) Dr. J. Ludden .| European Comission (UE), N°: | 2001-2003
IP en Espaiia: M.C: EVR1-CT-2001-20003
Comas
SAFE: Slow active faults in Europe UB: P. Santanach 87 646 € UE 2001-2004
30000 €
How folding is accommodated at minor scale? Comparison between three types of | J. Vergés 112.000 € Unién Europea (Programa Marie | 2002-2003
folds Curie)
The Iberian-African plate boundary: lithospheric structure and geodynamic evolution | M. Fernandez 22.700 € NATO (EST.CLG.978922) 2002-2004
BMW Benchmark Models for the Water framework directive Fco. Javier Elorza Unién Europea. Contract n° 2002-2004
EVK1-CT-2001-00093
Avalanche studies and model validation in Europe(SATSIE) E. Surifiach 109.999 € UNER - Unién Europea 2002 -2005
EVG1-CT-2002-00059
European Sea-level Service: Research and infrastructure Coord: H.P. Plag ROA: 60.000 € UE 2002-2005
IP Contratante ROA : J. EVR1-CT-2002-40025
Martin Davila
Ocean Drilling Program, ODP Leg 204 G. Bohrmann & A. M. National Science Foundation 2002-2005
Tréhu (Estados Unidos), y otros
EUROCORES- EUROMARGIN. "Imaging the Western Mediterranean Margins: A | M. Fernandez ESF: 01-LEC-EMA22F 2003 - 2005

key target to understand the interaction between deep and shallow processes
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Record of deformation and uplift of the Atlas mountains (Morocco): an integrated A. Teixell 17.000 € NATO 2003-2005
approach.
ASSEMBLAGE, Assessment of the Black Sea sedimentary system since the last G. Lericolais Unién Europea 2003-2006
glacial extreme, EVK3-CT-2002-0090
EuroMargins WESTMED: Estructura cortical y litosférica, movimientos verticalesy | M. Fernandez 17.505 € ESF - EUROCORES 2003-2006
dindmica sedimentaria en el margen septentrional del Mediterraneo Occidental EuroMargins- Plan Nacional
[+D+l, MCYT (REN 2003-05996)
PROMESS 1, PROfiles across MEditerranean Sedimentary Systems. Part 1 S. Berne Unién Europea 2003-2006
EVR1-CT-2002-40024
Forcing of carbonate mounds and deep water coral reefs along the nw european L. Somoza 70.000 € ESF EUROCORE- 2003-2007
continental margins (MOUNDFORCE) EUROMARGINS
01-LEC-EMAO6F
Tectonic control, deep structure and fluid escape pathways in the gulf of Cadiz mud | L. Somoza 50.000 € ESF EUROCORE- 2003-2007
volcano field (MVSEIS). EUROMARGINS
01-LEC-EMA24F
Estructura geoldgica del borde meridional de la cordillera del Atlas (Marruecos): A. Teixell 15.635 € Proy Interuniv. Hispano- 2004-2006
implicaciones sobre la actividad tecténica reciente y la sismicidad Marroqui.
AECI (Ministerio de Asuntos
Exteriores)
THALES WAS RIGHT. Transients in the Hellenic and Antilles Locci of ~ Earthquakes of | A. Hirn/J.Gallart 1.748.000 € UE- FP6-2004-NEST-C-1 (FP6- | 2005-2007
European Subductions: Water Activity, Structure and Seismic Risk llluminated by 029080-2)
Geophysical High-Technology
Fundamental Processes of Radionucleide Migration (FUNMIG) R. Carbonell e 150.000€ e  European FP6 FI6W 2005-2008
516514
Carbonate Reservoir Geomodels J.C. Braga . e RF-Rogaland Research- 2005-2008
Norwegian Science
Foundation
NEAREST. Integrated observations from near shore sources of Tsunamis: Towards | N. Zitellini e 2.850.000 € e European Union, STREPS | 2006-2008
and Early Warning System - Global Change and
Ecosystems Programme.
(FP6- 037110)
Geophysical Oceanography — a new tool to understand the thermal structure and | R. Carbonell e 130.000€ e European FP6 2003 NEST |2006-2010

dynamics of oceans (GO)

B 3 015603-2

106




3 RESEARCH GROUP FUNCTIONAL STRUCTURE

The Topo-Iberia Team is composed by more than 100 PhD researchers coming from 10 different
Spanish institutions, Universities and Public Research Centres. Their members cover a widespread
range of thematic and regional disciplines and methodologies, as it will be detailed hereafter. A major
aim of the programme is to integrate all these investigations into a common framework: the
relationship between the topography and the 4-D evolution of Iberia.

The scientific output of the Team members can be summarized, according to their CVs and the “ISI
Web of knowledge’ dataset, into a total of 1698 research papers published in SCI Journals, which have
been cited 18503 times. The global output of the Team, excluding the paper duplicities between
different members or groups, is of 1194 papers and 12766 citations, with an average of 10.7
citations/paper. Just for comparison, in the period 1995-2005 the ‘ISI Web of knowledge’ dataset
shows that the Topo-lberia research team has published 16 % of the papers of all the Spanish
Geoscience community, and they have received 20 % of the citations for this whole community.

The Coordinator of the project is Dr. Josep Gallart Muset, Research Professor of the Institute of Earth
Sciences-CSIC, Barcelone. His scientific activity focus on studies on the Earth structure and
dynamics, based on geophysical/seismic methods, developed in different geotectonic environments,
such as orogenic systems (Pyrenees, Himalaias-Tibet, Urals,..), continental margins, subduction zones,
volcanic systems, etc. He has leaded a dozen of Spanish research projects and 6 European Union
projects. He has published 70 papers in SCI Journals, which have been cited 1267 times, with an
average of 18.1 Citations/paper. He has an h (Hirsch) index of 20. Five of his relevant publications
are:

- Daigniéres, M., Gallart, J., Banda, E. And Hirn, A. "Implications of the seismic structure for the
orogenic evolution of the Pyrenean range". Earth and Planetary Science Letters, 57, (1982), pp. 88-
100. Impact Factor (2004): 3.5. Times Cited: 80

- Hirn, A,, Nicolich, R., Gallart, J., Laigle, M., Cernobori, L. And The Etnaseis Scientific Group. "Roots
of Etna volcano in faults of great earthquakes”. Earth and Planetary Science Letters, 148, (1997), pp.
171-191. Impact Factor (2004): 3.5; Times Cited: 69

- Himn, A, Jiang, M., Diaz, J., Nercessian, A., Sapin, M., Lu, Q.T., Lepine, J.C., -Shi, D.N., Sachpazi,
M., Pandey, M.R., Ma, K. And Gallart, J. "Seismic anisotropy as an indicator of mantle flow beneath
the Himalayas and Tibet". Nature, 375, (1995), pp. 571-574. Impact Factor (2004): 32.18. Times cited:
50

- Carbonell, R., Perez-Estaun, A., Gallart, J., Diaz, J., Kashubin, S., Mechie, J., Staadtlander, R.,
Schulze, A., Knapp, J.H. And Morozov, A. "Crustal root beneath the Urals: Wide-angle seismic
evidence". Science, 274, 5285, (1996) pp. 222-224. Impact Factor (2004): 31.85. Times cited: 44

- Banda, E., Gallart, J., Garcia-Duefias, V., Dafobeitia, J.J. And Makris, J. "Lateral variation of the crust
in the Iberian Peninsula. New evidence from the Betic Cordillera”. Tectonophysics , 221, (1993), pp.
53-66. Impact Factor (2004): 1.84. Times cited: 43
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Research topics of the groups that compose the Topo-lberia Team
1. Group of Earth Structure and Dynamics, Institute of Earth Sciences-CSIC Barcelone
Their research can be summarized in three main topics:

Tectonophysics.

This is the most representative research line of the group, involving all their members. It focuses on

the study of the structure and dynamics of the lithosphere. The objectives are broadly applied to a

number of tectonic settings that include collisional orogens, active and passive margins, and

sedimentary basins, and are:

e To construct integrated petrophysical models of the lithosphere and underlying mantle at regional
and global scales using potential fields, seismic velocities (from field experiments and laboratory
measurements), thermal fields, and petrology.

e The study of the deformation of the lithosphere combining seismic profiling, surface geology, and
numerical modeling.

e To study how deep-seated processes affect the whole crustal column and interact with surface
processes.

Applied Geology and Geophysics.

This line implies a collaborative research mainly with industry in the energy, geotechnical, and

environmental sectors. These activities are not only directed to industry, but also to the scientific

community since it forms part of our academic research. The main objectives are:

¢ In the energy sector, the geological structures and thermal conditions favourable to formation and
trapping of hydrocarbons.

¢ In the geotechnical sector, the study of the subsurface characteristics for the building of large-scale
infrastructures such as tunnels, highways, and pipelines.

e In the environmental sector, the objectives are focused on prospecting for hazardous waste
disposal sites and CO, sequestration reservoirs.

Development of Geophysical Methodologies.

This line implies the development of new geophysical methodologies, which involves:

e Research into new methods for seismic wave signal detection and processing, inversion methods
(travel time, full waveform), and modelling of wave propagation.

o Development of new algorithms in Eulerian schemes that describe the kinematics of an interface
during deformation to integrate geophysical and petrological data.

2. Group of Geodynamics and Geophysics from the University of Granada

This group is formed by researchers from different fields of the Earth Sciences. A significant part F.
Gonzélez Lodeiro (F. G. L), J. I. Soto Hermoso (J. I. S), G. Booth Rea (G. B-R), D. Martinez Poyatos
(D. M-P); F. Simancas Cabrera F. S. C.), J. C. Balanya Roure J. C. B-R), A. Jabaloy (A. J), |. Expdsito
(I. E.), J. Galindo Zaldivar (J. G-Z), J. M. Martinez (J. M. M.), A. Crespo Blanc (A C. B), M. Orozco
(M. O.), M. Diaz Azpiroz (M. D-A), Antonio Azor (A. A.) J. M. Azafion (J-M. A)M. C. Comas (M.
C. C) C Sanz de Galdeano (C. S. G) work in subjects as Structural Geology, Tectonics and Subsurface
Geology.

Most of the researchers have developed their activity in the Rif-Betic Mountains (F. G. L, J. I. S, G. B-
R,D.D.M-P,F.S.C,J.C.B-R,A.J,J.G-Z,J.M.M,,AC.B,M.O, M.C.C,A. A, J-M. Ay C.
S. G.); the Iberian Massif (F. G. L, D. M-P,F. S.C.,J. G-Z, AC. B, M. O., I. E,, M. D-A, A. A)), the

Morocco Plateau (F. G. L., F. S. C.; A. A, D. M-P y J. G-Z.) and the Anti-Atlas region (F. G. L., F. S.
C.; A. A. y D. M-P). Geomorphology and relief evolution in the Rif-Betic Mountains have been
studied by A. A. and J-M. A.
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J. Martin Martin, J-C. Braga, M. C. Comas, P. Rivas, E Martin Suarez, M. Ortega y F. Martinez Ruiz
have large expertise in subjects related to paleoclimatology, climatic change, paleogeography,
sedimentology and paleontology in the Rif-Betics domain. Geophysical studies (p.e. refraction
profiling and seismic tomography) will be covered by José Morales, | Bermejo, D. Stich and M-T
Teixido. Finally, M. Ortega, M-T Gomez Pugnaire and F. Martinez Ruiz have expertise in petrology,
mineralogy and isotopic geology.

The attached CVs illustrate the activity of the reseachers in previous projects closely related to the
main objectives of Topo-lbéria. All the reseachers have developed their scientific activity in
collaboration with Moroccan geologists and geophysicists in the framework of reseach projects
supported by the Agencia Espafiola de Cooperacion Internacional and the Consejeria de la Presidencia
de la Junta de Andalucia.

Five relevant contributions of the Scientific Responsable of this group, Dr. Francisco Gonzéalez
Lodeiro, Catedratico de Geodindmica from the Universidad of Granada, are:

- Morales J, Serrano |, Jabaloy A, Galindo-Zaldivar J, Zhao D, Torcal F, Vidal F, Gonzélez-Lodeiro
F (1999). Active continental subduction beneath the Betic Cordillera and the Alboran Sea.
Geology 27 (8): 735-738, Times cited: 38

- Monie P, Galindo Zaldivar J, Gonzélez Lodeiro F, Goffe B, Jabaloy A (1991). Ar-40/Ar-39
Geochronology of alpine tectonism in the Betic cordilleras (Southern Spain). Journal of the
Geological Society 148: 289-297. Times cited 71

- Goffe B, Michard A, Garcia Duefias V, Gonzélez Lodeiro F, Monie P, Campos J, Galindo
Zaldivar J, Jabaloy A, Martinez Martinez JM, Simancas JF (1989). 1ST evidence of high -
pressure, low-temperature metamorphism in the alpujarride nappes, Betic Cordilleras (SE Spain).
European Journal of Mineralogy 1 (1): 139-142 1989. Times cited: 77

- Galindo Zaldivar J, Gonzéalez Lodeiro F, Jabaloy A (1989). Progressive extensional shear structures
in a detachement contact in the western Sierra Nevada (Betic-Cordilleras, Spain). Geodinamica
Acta 3 (1): 73-85 1989. Times cited: 66

- Galindo Zaldivar J, Gonzéalez Lodeiro F, Jabaloy A (1993). Stress and paleostress in the Betic-Rif
Cordilleras (Miocene to the present) Tectonophysics 227 (1-4): 105-126. Times cited: 37

3. Group of Geodynamics and Geophysics from the University of Oviedo

The scientific activity of this group has been mainly focused in the investigation of the geological
structure and tectonic evolution of the NW Iberian Peninsula. The group activity improved the
geological knowledge of a large region, 800 km long and 150 km wide, from the tertiary mesozoic
cover (cobertera) of Cantabrian-Basque Country and Pyrenees to the Atlantic coasts of Galicia. First
step in this geological improvement of such a large region has been a significant effort devoted in
elaboration of detailed geological maps, necessary to infer the structure and tectonic evolution. As an
example, it can be noted that up to 50 sheets of the E 1:50.000 series and up to 6 sheets of the E
1:200.000 series of the oficial Geologic Map of Spain have been produced, exclusively or in
colaboration with other institutions, by the members of this group. A large amount of other geological
maps have been published as part of scientific articles and reports, PhD Thesis, Master Thesis etc.

The contribution of this group to the geological knowledge of Northern Spain is evidenced by more
than 300 scientific publications, both in national and international journals with maximum diffusion in
the Earth Science fields, as: American Journal of Science. Neues Jahrbuch fur Geologie und
Palaeontologie, Geological Journal, Tectonophysics, Hercynica, Tectonics, Geologische Rundschau,
Sciences Geologiques, Journal of Structural Geology, Annales Geophysicae, Economic Geology, J.
Geol. Soc. London, Bull. Geol. Soc France, Geodinamica Acta, Geophysical Research Letters, Journal
of Geophysical Ressearch, Marine Geology, Geology, AAPG, etc., as well as in books or monographic
volumes edited in Spain or elsewhere.
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The scientific activity of the group is also reflected in their participation in a significant number of
financed Research Projects during the last years. A large number of those projects are within prior
objectives of the Plan Nacional de Investigacion y Desarrollo, in the “Recursos Geoldgicos” and “I+D
en Medio Ambiente” programs.

Research topics of this Group are:

- Structure and dynamics of the lithosphere: refraction-wide angle and vertical reflection seismics,
seismicity, seismotectonics and seismic hazard. Geodynamic evolution of continental margins and
marine sedimentary basins. Geodynamic implications. Numerical modeling of geodynamic
processes of basin formation and orogenic uplift.

- Crustal deformation processes: orogenic and sedimentary basins evolution. Structural geology and
tectonics of orogenic zones. Geonetry and kinematics of folds and faults. Tectonics-sedimentation
relationship. Regional geology (lberian variscan orogen, Pyrenean-Cantabrian orogen, north-
Iberian continental margin.

- Exploration of mineral resources and subsurface studies. Modeling of reservoirs. Structural and
geophysical methods applied to hydrocarbon and natural resources exploration, environment and
engineering purposes.

An outstanding part of the research activity is devoted to the crustal structure of the NW Iberia and its
margins by integrating surface geology with geophysical data. In the last decade, 5 research projects
funded by the Spanish agency have been devoted to this topic, involving a great amount of acquisition
of geophysical data at sea and on land, and providing results on lithospheric structure presented to the
scientific community through relevant international publications.

Five significant contributions of the Principal Investigator of this Group, Dr. Francisco Javier Alvarez
Pulgar, Catedratico de Geodinamica de la Universidad de Oviedo, are:

- Bastida, F., Martinez Catalan, J.R. y Pulgar, J.A. (1986): Structural, metamorphic and magmatic
history of the Mondofiedo nappe (Hercynian belt, Nw Spain). Journal of Structural Geology, 8 ( 3-
4), p. 415-430. Times cited: 36

- Pérez Estaln, A., Bastida, F., Alonso, J.L., Marquinez, J., Aller, J., Alvarez Marron, J., Marcos, A.
y Pulgar, J.A. (1988): A thin-skinned tectonic model for an arcuate fold and thrust belt: The
Cantabrian Zone (Variscan Ibero-Armorican arc). Tectonics, 7(3), p. 517-537. Times cited: 72

- Alonso, J.L., Pulgar, J.A, Garcia-Ramos, J. C. Y Barba, P. (1996): Tertiary basins and Alpine
tectonics in the Cantabrian Mountains (NW Spain). In: P. F. Friend and C. J. Dabrio (Eds.) Tertiary
Basins of Spain: Tectonics, Climate and Sea-Level Changes, p. 214-227. Cambridge University
Press, Cambridge. ( ISBN: 0-521-46171-5). Times cited: 25

- Pérez Estaln, A ., Pulgar, J. A., Banda, E., Alvarez Marrén, J. and Esci-N Research Group (1994).
Crustal structure of the external variscides in NW Spain from deep seismic reflection profiling.
Tectonophysics. 232, p. 91-118. Times cited: 25

- Pulgar, J.A., Gallart, J., Fernandez-Viejo, G., Pérez-Estaln, A., Alvarez-Marron, J. and Escin
Group (1996): Seismic Image of the Cantabrian Mountains in the western extension of the
Pyrenees from integrated ESCIN reflection and refraction data. Tectonophysics, 264, 1-20. Times
cited: 22
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4. University of Barcelona (UB) Geodynamics and Geophysics Group

The members of the UB group have experience in the methodologies of structural geology (Casas,
Guimera, Ruano, Sabat, Santanach), basin analysis (Salas, Guimera), geomorphology and natural
hazards (Furdada, Marqués, Vilaplana, Pallas) and in geophysics, particularly in seismology
(Surifach, Khazaradze), magnetotelurics (Pous), prospecting (Rivero), lithospheric structure (Pous,
Surifiach, Rivero) and numerical modeling (Khazaradze), high-precision geodetic and leveling
networks applied to active tectonics (Khazaradze, Surifiach), paleoseismology (Masana, Santanach),
and in the field of geochronology the group has experience in methods based on cosmogenic isotopes
(Bourlés, Braucher, Pallas). Regionally all the members of the group have performed a significant
part of their research in the Iberian Peninsula. They have also worked in the Italian Peninsula and
Greece (Masana), in the Alps (Surifiach, Furdada, Vilaplana, Khazaradze), Scandinavia (Surifiach,
Khazaradze), in the northwestern US (Khazaradze), Central America (Furdada, Vilaplana, Pallas,
Marqués, Santanach, Masana), the Andes (Sabat, Masana, Santanach, Salas, Khazaradze, Furdada),
Antarctica (Sabat, Casas, Vilaplana, Furdada, Santanach, Pallas, Surifiach), Morocco (Guimera,
Ruano, Rivero) and the Tien Shan, China (Ruano). All the researchers in the group have participated
in the last year in projects funded by national agencies. Among the projects funded by the UE in which
have participated members of the UB group we highlight: FAUST (ENV4-CT97-0528, 1998-2000)
and SAFE (ENGV-CT2000-00023, 2001-2004) in paleoseismology, SAME (ENV4-CT96-0258,
1996-1998) and SATSIE (EVG1-CT2002-00059,2003-2006) in dynamics, instrumentation and
modeling of snow avalanches and ENV4-CT95-0134, 1996-1999 in the field of erosion and
environmental impact related to hydrology. Members of the UB group have also been part of programs
MAST (1997-2000) and EUROPROBE (2001-2002) in different fields of geophysics, and also in
INTERREG Il in the field of natural hazards (2000-2001). In the field of GPS, the group has
participated in Andean projects SFB267, 1999-2002 and 2002-2004 (Germany) and in projects in the
northwestern US 1434-HQ-98-GR-1027, 1998-2000 and EAR9616302, 1997-1999 funded
respectively by the USGS and US NSF.

Five relevant contributions of the Principal Investigator head of this group, Dr. Pedro Francisco
Santanach Prat, Professor of Geodynamics in the University of Barcelona are:

J. Carreras, M. Julivert, P. Santanach (1980): Hercynian mylonite belts in the Eastern Pyrenees: an
example of shear zones associated with late folding. J. Struct. Geol., 2, 5-9. 33 citations in ISI
journals.

- P. Anadon, F. Colombo, M. Esteban, M. Marzo, S. Robles, P. Santanach, L. Solé Sugrafies
(1979): Evolucidn tectonoestratigrafica de los Catalanides. Acta Geol. Hispanica, 14 (1979), 242-
270. 39 citations in ISI journals.

- P. Anadédn, L. Cabrera, J. Guimerd, P. Santanach (1985): Paleogene strike-slip deformation and
sedimentation along the southeastern margin of the Ebro Basin. In: Biddle, K.T. & Christie-Blick,
N. eds., Strike-Slip deformation, basin formation, and sedimentation, Soc. Econ. Pal. Min. Special
Publ., 37, 303-318. 62 citations in ISI journals.

- J.M. Fontboté, J. Guimera, E. Roca, F. Sabat, P. Santanach, F. Ferndndez-Ortigosa (1990): The
Cenozoic geodynamic evolution of the Valencia Trough (western Mediterranean). Rev. Soc. Geol.
Espafia, 3, 249-259. 42 citations in ISI journals.

- E. Masana, E., J.J Martinez-Diaz, J.L. Hernandez-Enrile, P. Santanach (2004): The Alhama de
Murcia fault (SE Spain), a seismogenic fault in a diffuse plate boundary. Seismotectonic
implications for the Ibero-Magrebian region. Journal of Geophysical Research, 109 (B01301), doi:
10.1029/2002JB002359, 1-17.2004. 1-17. 5 citations in ISI journals.
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5. Complutense University of Madrid (UCM) Tectonophysics and Geophysics group

This group is formed by researchers belonging to two departments of the UCM: Department of
Geodynamics, Faculty of Geology; and Department of Geophysics, Astronomy, and Astrophysics I,
Faculty of Physics. Part of this group are also two researchers from the Department of Geology from
the University of Zaragoza, which have collaborated with the UCM group in different research areas
during the last few years.

The research fields of the members of the Department of Geodynamics are: Cenozoic tectonics of the
Iberian microcontinent (G. de Vicente y R. Vegas), tectonics and geophysics (A. Mufioz Marin),
applied geophysics (A. Carb6), Cenozoic volcanism (P. Llanes), brittle deformation, structural
geology, tectonics-neotectonics (L. Anton), nucleation of Cenozoic deformations in Variscan
discontinuities (JM. Gonzalez Casado), numerical simulation of coupled phenomena, fractured
geological media, inverse problems and complex systems (FJ Elorza), quantification of the internal
deformation in orogenic belts, stress-strain relationships and evolution of volcanic edifices, and
granitic batholith emplacement and fluid segregation in migmatites (C. Rodriguez-Fernandez).

The research fields of the Department of Geophysics, Astronomy and Astrophysics | can be
summarized in: geophysics, active-source seismic profiles (D. Cérdoba), seismology, anisotropy,
chaos y and self-organization (J. Téllez), tectonics in the Betics (A. Negredo) and paleomagnetism (M.
Osete).

The members of the Department of Geology (Geodynamics), University of Zaragoza, carry out
investigations in the morphotectonic analysis of paleostress in the Iberian Chain (JL. Simén Gdmez),
structure, tectonics-sedimentation relationship, geotectonics, paleomagnetism and paleostress in the
Iberian Chain and basin, and in the central-western Pyrenees (A. Casas Sainz).

Five significant contributions of the Principal Investigator head of the UCM group, Dr. Gerardo de
Vicente Mufioz, Profesor Titular of Geodynamic in the Complutense University of Madrid are:

- G. de Vicente, J. Giner, A. Mufioz-Martin, J.M. Gonzalez-Casado y R. Lindo. Determination of
present-day stress tensor and neotectonic interval in the Spanish Central System and Madrid Basin,
central Spain. G. de Vicente, J. Giner, A. Mufioz-Martin, J.M. Gonzalez-Casado y R. Lindo.
Tectonophysics (1996) 266, 405-424. 25 citations in ISI journals.

- B. Andeweg, G. de Vicente, S. Cloetingh, J. Giner y A. Mufioz-Martin. Local stress fields and
intraplate deformation of Iberia: variations in spatial and temporal interplay of regional stress
sources. Tectonophysics (1999) 305, 153-164. 13 citations in ISI journals.

- M. Herraiz, G. de Vicente, R. Lindo, J, Giner, J.L. Simén, J.M. Gonzalez-Casado, O. Vadillo, M-
A- Rodriguez-Pascua, J. Cicuéndez, A. Casas, L. Cabafias, P. Rincon, L. Cortés, M. Ramirez y M.
Lucini. A new perspective about the recent (Upper Miocene to Quaternary) and present tectonic
stress distributions in the Iberian Peninsula. Tectonics (2000) 19 (4) 762-786 29 citations in ISI
journals.

- S.Cloetingh, E. Burov, F. Beekman, B. Andeweg, P.A.M. Andriessen, D. Garcia-Castellanos, G. de
Vicente y R. Vegas. Lithospheric folding in Iberia. Tectonics (2002). 21,5,1041. 26 pp.
doi:10.1029/2001TC901031,2002. 6 citations in ISI journals.

- M.A. Rodriguez-Pascua, J.P. Calvo, G. de Vicente, y G. Gomez-Gras. Soft-sediment deformation
structures interpreted as seismites in lacustrine sediments of the Prebetic Zone, SE Spain, and their
potential use as indicators of earthquake magnitudes during the Late Miocene. Sedimentary
Geology (2000) 135,1-4, 117-135. 18 citations in ISI journals.
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6. Autonomous University of Barcelona (UAB) Geodynamics of the North Africa Atlas group

This group is made out of researchers from the Geology Department of the UAB, with the
collaboration with two members that belong to the Geology Department of the University of
Salamanca. Both institutions currently cooperate in a number of different projects.

After years of experience in tectonics and geophysics in areas such as the Iberian Massif, Pyrenees,
Betics, and the Urals, the group has progressively increased, since 1997, their research on the
geodynamics of the Atlas Ranges in Morocco. Since then, in this area, the group has had 3 project
funded by the national funding agency (Plan Nacional) two of them specifically focused in the Atlas, 4
AECI projects, 1 NATO project and 2 “Acciones Complementarias™ of the Ministry of Education and
Science (MEC). In the frame of this projects, the group members have used methodologies that have
evolved accordingly to the progress in the research work. The activities and methodologies used
include structural geology, tectonics/sedimentation, acquisition and modeling of potential fields,
studies of fission tracks and U-Th/He, geomorphology and geochronology using cosmogenic nuclides.
For their development we have collaborated with research teams from universities in Morocco,
France, US, and Spain, including the ICTJA, also part of this proposal.

In the different study areas, the group members have published a number of scientific articles in
national and international journals, such as the Revista de la Sociedad Geol6gica de Espafia, Estudios
Geoldgicos, Boletin del IGME, Journal of Structural Geology, Tectonics, Tectonophysics, Journal of
Geophysical Research, Geophysical Research Letters, Journal of the Geological Society of London,
Geology, Geological Society of America Bulletin, Journal of Metamorphic Petrology, Geologische
Rundschau, American Journal of Science, Terra Nova, Journal of African Earth Sciences,
Geomorphology, etc.

Presently, the research group plans to develop studies of geomorphology and surface processes in their
investigations in North Africa (a proposal has been submitted to the current call for the Plan
Nacional), and there is the opportunity to carry out a seismic experiment through the Atlas mountains.
The group is also co-organizing an international meeting about the tectonics and vertical movements
in the region, in the frame of the International Lithosphere Program, to be held in Morocco in 2007.

Five significant contributions of the Principal Investigator head of the UAB group, Dr. Maria Luisa
Arboleya Cimadevilla, Professor of Geodynamics in the UAB, are:

- Julivert, M, Arboleya, ML. A geometrical and kinematical approach to the nappe structure in an
arcuate fold belt - the Cantabrian nappes (Hercynian chain, NW Spain). Journal of Structural
Geology 6: 499-&, 1984. 22 citations in ISI journals.

- Julivert, M, Arboleya, ML. Areal balancing and estimate of areal reduction in a thin-skinned fold-
and-thrust belt (Cantabrian Zone, NW Spain) - constraints on its emplacement mechanism. Journal
of Structural Geology 8: 407-414, 1986. 21 citations in ISl journals.

- Hirt, Am, Lowrie, W, Julivert, M, Arboleya, ML. Paleomagnetic results in support of a model for
the origin of the Asturian Arc. Tectonophysics 21: 321-339,1992. 21 citations in ISI journals

- Martinez, FJ, Julivert, M, Sebastian, A., Arboleya,M.L, Gil Ibarguchi,J.l. Structural and thermal
evolution of high-grade areas in the northwestern parts of the Iberian Massif. American Journal of
Science 288: 969-996, 1998. 16 citations in ISI journals.

- Arboleya, ML, Engelder, T. Concentrated slip zones with subsidiary shears - their development on
three scales in the Cerro-Brass fault zone, Appalachian Valley and Ridge. Journal of Structural
Geology 17: 519-, 1995. 12 citations in ISl journals.
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7. Geological and Mining Institute of Spain (IGME) Geology and Geophysics group

The IGME team of researchers included in this proposal is organized in four thematic groups,
according with their methodological experience and development of relevant research projects:
structural geology and tectonics, geomorphology, geophysics and marine geology. It is worth
mentioning that each of this groups will have the collaboration of other members of the Institute that
are not specifically listed as participants..

The members of the IGME group have worked on Spanish projects of international relevance, such as
ESCI and IBERSEIS, and also in the Andes, Antarctic Peninsula, Caribbean and Rif, (projects with
international funding from the World Bank, European Union (Program SYSMIN), AECI, Plan
Nacional de 1+D). They have also participated in relevant projects in marine geophysics, such as those
related with the Economic Exclusive Zone, VERTIMAR, an European projects EUROCORE-
EUROMARGINS.

The efforts of the structural geology and tectonics group (R. Rodriguez-Fernandez, N. Heredia, C.
Marin y J. Escuder) will focus in the acquisition and processing of structural geology and active
tectonics, tecto-sedimentary analysis, and modeling of the tectonic uplift and relief evolution, in the
western end of the Cantabrian-Pyrenees ranges and their foreland basins, and also in the central sector
of the Iberian Massif and Betics-Rif..

In the field of geomorphology (A. Martin-Serrano) we will carry out studies related with the analysis
of the river network: anomalies in their track and causes, slope distribution, quantification of the
incision values, dating of the associated sediments, evolution models, and also modeling of the
tectonic uplift and quantitative estimation of relief evolution using DTMs and GIS.

The activities of the geophysics group (J.L. Garcia Lobdn, C. Rey, C. Ayala) will focus in the data
acquisition and processing, 2D and 3D modeling of potential fields (gravity and magnetism) and in the
analysis of the geoid and local isostasy. The results of 2D modeling will be used as starting models for
the 3D modeling of gravity and geoid and for the 3D isostatic computations.

The marine geology group (L. Somoza, A. Maestro) will carry out its activities in the Iberian Atlantic
margin, including the Gulf of Cadis, Galician margin and Cantabric zone. They will develop models of
the structure and tecto-sedimentary evolution from marine geophysical data and their correlation in
emerged areas, and they will build a database of marine geophysical data (multibeam, MCS seismics,
high-resolution seismics, magnetism, gravity, and side-scan sonar) of the study areas.

Five significant contributions of the Principal Investigator head of the IGME group, Dr. Luis Roberto
Rodriguez Fernandez, Investigador Titular and Vice-Director of the Instituto Geoldgico y Minero de
Espafia, are:

- Escuder Viruete J., Hernaiz Huerta P.P, Valverde Vaquero P., Rodriguez Fernandez L.R. and
Dunning G.(1998).- Variscan Syncollisional extension in the Iberian Massif: structural,
metamorphic and geochronological evidences from the Somosierra sector of the “Sierra de
Guadarrama” (Central Iberian Zone, Spain). Tectonophysics. Holanda. 290 (1998) 87-109. 13
citations in ISl journals.

- C.Marin, J. Galindo-Zaldivar and L.R. Rodriguez-Fernandez (2003).- Joints, faults and
paleostress evolution in the Campo de Dalias (Betic Cordilleras, SE Spain). Comptes Rendus de
I’Académie des Sciences- Geoscieces 335, 255-264. 1 citation in ISI journals.

- Marin, C; Galindo-Zaldivar, J; Rodriguez-Fernandez, L.R, and Gonzalez-Lodeiro, F. (2004).
Faulted hybrid joints: an example from the Campo de Dalias (Betic Cordilleras, Spain). Journal of
Structural Geology 26 (2004) 2025-2037. 1 citation in ISI journals.

- Marin-Lechado, C; Galindo-Zaldivar, J; Rodriguez-Fernandez, .L.R, , Serrano, and Pedrera, A.
(2004). Active faults, seismicity and stress in an internal boundary of a tectonic arc ( Campo de
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Dalias and Nijar, southeastern Betic Cordilleras, Spain). ). Tectonophysics. 07314. 1 citation in
ISI journals.

- Heredia, N.; Rodriguez Fernandez, L.R.; Gallastegui, G.; Busquets, P. and Colombo, F.;. (2002).-
Geological setting of the Argentine Frontal Cordillera in the flat-slab segment (30°00° y 31°30° S
latitude). In. Flat-Slab subduction in the Andes (V. Ramos & B Mc Nulty Eds.). Jour. South Am.
Earth Sci., Especial Issue, 15, 79-99. 2 citations in ISl journals.

8. Royal Institute and Observatory of the Navy (ROA) Geophysics group

ROA is an institution that belongs to the Spanish Navy that is located in San Fernando (Cadis).With a
history of 250 years, currently focuses on studies of astronomy, geophysics, geodesy, and time. Since
1856 the Navy’s Escuela de Estudios Superiores is located in ROA, with an academic activity oriented
mainly to post-graduate studies for Navy officers and college students.

In the field of Earth Sciences, the ROA is engaged in the following activities:

1) Seismology: The seismology service operates a 10-station short-period network (one- and three-
component) deployed in the vicinity of the Strait of Gibraltar, a three-component long period station,
and a 8-station broadband seismic network deployed in southern Spain and northern Africa, co-located
with permanent GPS stations. The main research lines are focused on seismicity, earthquake source,
reflection and wide-angle seismics, both marine and land based, seismological instrumentation and
design.

2) Geomagnetism: The geomagnetism service maintains two permanent geomagnetic observatories,
that perform absolute and relative measurements. It also participates in geophysical surveys. Its main
research activities are structure, geodynamics and tectonics using potential fields, using “Geosoft” as
software tool.

3) Meteorology: ROA operates two permanent meteorological stations used to correct astronomic and
geodetic observations.

4) Geodesy: The satellite service has a broad experience in satellite tracking using laser technology,
which started with the installation of a Baker-Nunn camera in the late 1950s. Presently ROA operates
a permanent satellite tracking station with laser technology (SLR), which is unmatched in the Iberian
Peninsula-North of Africa region.

The geodesy service has also broad experience in the geodynamic applications of GPS. A permanent
GPS station, co-located with the SRL station and associated to the IGS and ITRF has been installed
and in operation since the end of 1995. With the purpose of studying the deformation in the southern
Iberian Peninsula-North of Africa region, since 1994 ROA deployed a temporary GPS network, that
has been measured periodically. Finally, ROA initiated the deployment of a permanent GPS network
that currently consists of 10 stations, some of them co-located with the permanent broadband seismic
stations. For the GPS data processing ROA uses the GIPSY-OASIS |1 software (JPL).

Five significant contributions of the Principal Investigator head of the ROA group, Dr. José Martin

Davila, Navy Frigate Captain and head of the ROA Geophysics Section, are:

- M. Catalan, J. Martin Davila and ZEEE Working Group (2005). “A magnetic anomaly picture
offshore Canary archipelago”. Marine Geophysical Researches. Vol 24 (1-2), 129 - 148

- A. Mufioz, M. Catalan, J. Martin Davila, A. Carb6 (2005). Upper Crustal structure of Deception
Island area (Brandsfield Strait, Antarctica) from gravimetric and magnetic modeling. Antarctic
Science. Vol. 17 (2), 213- 224

- A. Pazos, G. Alguacil and J. Martin Davila (2005). A simple method to extend the bandwith of
electromagnetic sensors. Bulletin of the Seismological Society of America (BSSA). Vol. 95, 1940
-1947.

- J.J. Martinez Benjamin, J. Martin Davila, J. Garate, P. Bonnefond, A.M. Baron Isanta, et al. (2004).
Ibiza Absolute calibration Experiment: Survey and Preliminary results. Marine Geodesy. Vol. 27,
657- 681.
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- E. Buforn, J. Martin Davila y Udias, A. (Eds.) (2004). PAGEOPH Topical Volumes:
“Geodynamics of Azores-Tunisia”. Birkhduser Verlag. Berlin. 473- 772,

9. University of Jaén (UJ) Microgeodesy group

The UJ microgeodesy group has, as priority research lines, the study of ground deformation in
tectonically active regions using high precision geodetic methods (GPS, leveling, etc.). The region
where the group has carried out most of its activities is the Betic Cordillera, particularly the central
and eastern sectors, where it has deployed temporary regional GPS networks in the Granada and lower
Segura basins, and also carried out leveling profiles in the city of Granada, and also a 30-km profile
between La Marina and Torrevieja (Alicante). The group is currently installing these kind of networks
to other regions of interest, such as the Zafarraya fault, Sierra Tejeda fold, and also to the Balanegra
fault and to the Sierra de Gador. The main research projects in which these activities are included are:
“Control of local and regions deformation using high-resolution geodetic techniques to tectonically
active regions. Application to the central sector of the Betic Cordillera”, DGESIC PB97-1267-C03-03,
“Control of vertical deformations in the Torrevieja area by comparison of high precision leveling
measurements”, Accion Especial BTE2000-3337-E and “Present-day tectonic activity in the Balanegra
fault and its relationship with major folds”, Accion complementaria CGL2004-0167-E.

The UJ group is also member of the GEOLOCALNET consortium, which since January 2006
participates in the European program GALILEO. This program in a joint initiative between the
European Commission (EC) and the European Space Agency (ESA) in order to establish for Europe
their own global satellite navigation system for civilian use. GEOLOCALNET is a consortium
coordinated by the Italian company Galileian Plus S.r.l. and established by the University of Jaén
(Spain), University of Milano (ltaly), and University of Ljubljana (Slovenia) and by the companies
Space Engineering S.p.A. (Italy) y Harpha Sea, d.o.0. (Slovenia), with the purpose of carrying out the
research project “Innovative Concepts for High Accuracy Local Geodetic Networks”, (Research And
Development Activities, 6™ Framework Programme, Call Number 2423, Area 3 — Innovation and
International Initiatives. Innovation by Small and Medium Enterprises). This project has the goal of
developing software for the data processing from the GALILEO system. We plan to develop
algorithms, models and procedures to improve the accuracy, and to promote the use of local geodetic
networks to control ground deformation.

The research areas of the group members Antonio J. Gil, Clara de Lacy and Antonio M. Ruiz are
geodesy, GPS and GALILEQO; and petrology, geochemistry and isotopic geology for Vicente Lopez
Sanchez-Vizcaino.

Five significant contributions of the Principal Investigator head of the UJ group, Dr. Antonio José Gil
Cruz, Professor of the UJ Escuela Politécnica Superior, are:

- Lacy, M.C,, Sanso, F., Gil, A.J., Rodriguez-Caderot, G. (2005). A method for the ionospheric delay
estimation and interpolation in a local GPS network. Studia Geophysica et Geodaetica, 49 (1), 63-
84.

- Galindo-Zaldivar, J., Gil, AJ., Borque, M.J., Gonzalez-Lodeiro, F., Jabaloy, A., Marin-Lechado,
C., Ruano, P., Sanz de Galdeano, C. (2003). Active faulting in the internal zones of the central
Betic Cordilleras (SE, Spain). Journal of Geodynamics, 36 (1-2), 239-250. 11 citations in ISI
journals.

- Ruiz, A.M., Ferhat, G., Alfaro, P., Sanz de Galdeano, C., de Lacy, M.C., Rodriguez-Caderot, G.,
Gil, A.J. (2003). Geodetic measurements of crustal deformation on NW-SE faults of the Betic
Cordillera, southern Spain, 1999-2001. Journal of Geodynamics, 35 (3), Pages 259-272.
5 citations in ISI journals.

- Gil, AJ., Rodriguez-Caderot, G., Lacy, M.C., Ruiz, A.M., Sanz de Galdeano, C., Alfaro, P. (2002).
Establishment of a non-permanent GPS network to monitor the recent NE-SW deformation in the
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Granada Basin (Betic Cordillera, Southern Spain). Studia Geophysica et Geodaetica, 46 (3), 395-
410. 2 citations in ISl journals.

- Lacy, M.C., Rodriguez-Caderot, G., Marin, E., Ruiz, A., Borque, M.J., Gil, A.J., Biagi, L. (2001).
A gravimetric geoid computation and comparison with GPS results in Northern Andalusia (Spain).
Studia Geophysica et Geodaetica, 45 (1), 55-66. 1 citation in ISI journals.

10. University of Cadiz (UC) Geochronology Group

This group is formed by researchers with expertise in geochronology (L. Barbero) and tectonics (J.
Vazquez). Dr. Luis Barbero begun his research career studying granitoid genesis processes in middle
crust settings, in the axial zone of the Iberian Hercinian orogeny. In the Scottish Universities Research
and Reactor Center (East Kilbride, Reino Unido) he worked in problems of isotopic non-equilibrium
during melting in granulitic conditions. In the University of Glasgow he studied problems of
diachronism in metamorphic events using high-precision Sm-Nd geochronology. He has a broad
experience in geochronology with Rb-Sr, Sm-Nd, U-Pb y K-Ar systems. Since 1995, in the University
of Cadiz he has started to investigate in the field of low-temperature isotopic geology, learning during
a stay in the University College of London thermochronology methods using fission tracks. Later, with
funding from an EU project he establish the first fission track laboratory in Spain, and since then has
worked in two main research areas: a) exhumation of orogens, having worked in the central part of the
Iberian Hercinian, Patagonian Andes and in the Moroccan High Atlas, and b) studies of thermal
evolution of sedimentary basins, in the external zones of the Betic cordillera, and in the Cameros basin
in the Iberian range. From the methodological viewpoint he has collaborated in the development of a
new dating technique in cooperation with the Nuclear Physics Max Plank Institute. He has been a
member of a total of 11 national and international projects, being the principal investigator in 3 of
them.

Dr. J. Toméas Vazquez works mainly in the structural and stratigraphic analysis of the subsurface by
means of seismic reflection profiles. His main research interests are neotectonics and Cenozoic
tectonics, and also the analysis of sedimentary basins and the evolution of continental margins. He has
a broad experience in the acquisition, processing and interpretation of reflection seismic profiles. He
conducted his doctoral thesis on the structure of the Alboran Sea basin, and it is worth mentioning his
work on the Gulf of Cadis and the Pacific margin of the Antarctic Peninsula, and the limit between the
Scotia and Weddell seas. He started his research activity studying the Mediterranean continental
margin, and currently he has started to work in the Cantabric and Galician margins. He has been
member of 18 national projects, 5 of them carried out under the National Antarctic Program, studying
the formation processes of oceanic basins, continental break-up and development of high-latitude
margins (ANTPAC, SCOT, SCAN) and 3 related to the tectonic and sedimentary evolution of the Gulf
of Cadis (FADO, TASYO; GADES), and also in the ESF EUROMARGINS program, devoted to the
study of the relationship between tectonic activity and presence of gas hydrates in the Gulf of Cadis.

Five significant contributions of the Principal Investigator head of the UC group, Dr. Luis Barbero
Gonzélez, Profesor Titular de Petrologia y Geoquimica de la Universidad de Cadiz, son:

- Barbero, L., And Villaseca, C (1992). The Layos Granite, Hercynian Complex Of Toledo (Spain) -
An Example Of Parautochthonous Restite-Rich Granite In A Granulitic Area. Trans. R. Soc.
Edinburgh Earth Sci., 83, 127-138. 21 citations in ISl journals.

- Barbero, L., Villaseca, C., Rogers, G., And Brown, P.E. (1995). Geochemical And lsotopic
Disequilibrium In Crustal Melting - An Insight From The Anatectic Granitoids From Toledo,
Spain. J. Geophys. Res., 100, 15745-15765. 47 citations in ISI journals.

- Barbero, L. (1995). Granulite-Facies Metamorphism In The Anatectic Complex Of Toledo, Spain -
Late-Hercynian Tectonic Evolution By Crustal Extension. J. Geol. Soc. London, 152, 365-382. 10
citations in ISl journals.
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- Villaseca, C., Barbero, L., And Rogers, G. (1998). Crustal Origin Of Hercynian Peraluminous
Granitic Batholiths Of Central Spain: Petrological, Geochemical And Isotopic (Sr, Nd) Constraints.
Lithos, 43, 55-79. 29 citations in ISI journals.

- Villaseca, C., Downes, H., Pin, C., And Barbero, L. (1999). Nature And Composition Of The
Lower Continental Crust In Central Spain And The Granulite-Granite Linkage: Inferences From
Granulitic Xenoliths. J. Petrol., 40, 1465-1496. 14 citations in ISl journals.
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Relevant International Research Projects developed by members of the Topo-lberia Team.

Accorded Funds Operational
Period
Project Title Principal Investigator Funding Agency. Project
Reference
EURO
Structure of the crust under the volcanic zone of Olot and lateral variations from J. Gallart 9.044.000 Pts Commission of the European 1986 - 1989
seismic refraction techniques. Communities - JOULE
Programme (EN3G-0074-EB)
Climatologia y riesgos naturales. Climatic changes in the NE Iberian Peninsula from | R. Julia 54.842 € CEEU - Comunidad Econdmica | 1987-1989
127.000 y BP to Holocene Europea
Paleozoic geodynamic domains and their alpidic evolution in the Tethys. D. Papanicolau, F.P. IGCP Project n°276. UNESCO | 1987-1992
Sassiy y A. Sinha
ILIHA: Iberian Lithosphere Heterogeneity and Anisotropy. A. Lépez Arroyo/J.Gallart | Total:1.202.000 ECU; | Commission of the European 1988-1991
Communities - SCIENCE
Programme (ST2P-0389-C-A)
Variscan Iberian Belt 43 N transect A.Pérez Estaln Global Geosciences Transect 1989-1992
Projects
Comparative Studies of Intraplate Mountain Belts in Iberia and the Rocky and A. Pérez Estaln NATO 1989-1992
Ancestral Rocky Mountains of North America
STREAMERS: Structural Transects of the Rim of Europe to Affica by Marine A. Hirn 1.000.000 ECU Commission of European 1990-1993
Exploration Reflection Seismics. Communities - JOULE
Programme
Paleocene/Eocene Boundary Events E. Molina IUGS/UNESCO. 1990-1993
Seismic Risk in Mexico City associated to the crustal structure in seismic active zones | D. Cordoba Commission of the European 1991-1993
by means of deep seismic sounding (RISICO) Communities CI*0635M./JR
Temporal ocurrence and forecasting of landsliding in E.C. J. Coromines 24.040 € CEEU - Comunidad Econdmica | 1991-1993
Europea
PL89-0146
Europrobe, The tectonic evolution of Europe from the Ural Mountains to the Atlantic | Dr. Gee European Science Foundation | 1991-1996
Ocean
Origin and evolution of desertification in the mediterranean environment in Spain R. Julia 48.080 € UNER - Union Europea 1992-1994
EV5V-CT91-0037
Geophysical study of intraplate volcanism: Canary and Society Archipelagos. J.J. Dafiobeitia 130.000 ECU Commission of European 1992-1994

Communities - Twinning
Programme
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On the best estimate of the geoid and of the sea topography in the Mediterranean | M.J. Sevilla 170.000 ECUS Plan Science CEE - Contrato 1992-1994
Sea SCI-CT92-0808
Iberian Atlantic Margins 1AM E. Banda 1.300.000 ECU Commission of the European 1992-1994
Communities-JOULE
Programme
Integrated Basin Studies. IBS Project Sierd Cloetingh et al. Total: 360.450.000 Comunidad Europea 1993-1995
ptas . Joule Il Programme (JOU2-
UB: 23.229.000 ptas | CT92-110).
Formation modelling of the Guadalquivir Foreland Basin: Integrated Basin Studies | M. Fernandez Unién Europea (JOU2-CT92- 1993-1995
110)
FOURNASEIS: Fournaise operation of undershooting, refraction and normal angle | J. Gallart Barcelona: 316.250 Commission of the European 1993-1996
seismic sounding. Seismic tomography of Piton de la Fournaise volcano. ECU. Total: 814.000 | Communities - Environment
ECU Programme (EV5VCT92-0188)
ETNASEIS: Etna tomography. Novel approach by seismology. Etna volcano J. Gallart 213.000 ECU Commission of the European 1993-1996
behavioural model. Communities - Environment
Programme (EV5VCT92-0187)
European Laboratory Volcanoes: Teide. Definition of the fine structures and the J. Marti Programa EVOP, C.E.E 1993-1996
plumbing system aimed at eruption prediction, hazard assesment and eruptive
mechanism understanding
Contribution a I'étude de la dynamique des avalanches dans un but de cartographie | J.L. Vilaplana, G. 76.629 € CEEU - Comunidad Econdmica | 1993-1996
du risque. Formation a la modelisation dans le domaine des phenoménes naturels | Brugnot Europea
CHRX-CT93-0307
Evolution and Correlation of Epicratonic Peritethyan Basins. Proyecto 343 J. Dercourt Network CEE. Euro-Tethys 1993-2000
Conference
Atlas of Geothermal Resources in Europe. Spain M. Fernandez Unién Europea (JOU2-CT93- 1994-1997
0298)
Comparative geophysical transects across Costa Rica J.J. Dafiobeitia 55.000 ECU Commission of European 1994-1997
Communities - ALAMED
Programme
Palaeomagnetic constrains and structural block rotations in orogenic zones from M.L. Osete, R. Vegas, 30.000 € Proyecto Comunidades 1994-1998

Mexico and Spain

J.M. Parés, J. Urrutia, D.
Tarling

Europeas, Cl I-CT94-0114
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The uralide orogen- a key to understanding collisional orogenesis A.Pérez Estaln 90.000 € INTAS 1995-1996
INTAS-94-1857

Geodynamic Modelling of the Western Mediterranean M. Fernandez 84.017 € Uni6n Europea (CHRX-CT94- 1995-1998

(global 370.000 €) 0607)
ODP Leg 161 - Med I, Mar de Alboran, (Co-chief scientist). M.C. ODP /JOIDES / NSF (EEUU) 1995 - 1999
Comas

Snow avalanche mapping and warning in Europe J.L. Vilaplana 55.076 € UNER - Union Europea 1996-1998
ENV4-CT96-0258

Sea Level Fluctuations in the Mediterranean: Interactions with climate processes S. Zerbini Unién Europea (ENV4-CT95- 1996-1998

and vertical crustal movements (SELF II). Coor. Espafia: L. Tejedor 0087).

Investigation and modelling of the physical characteristics and properties of snow at | J. Calvet 54.091 € UNER - Union Europea 1996-1999

the surface of polar ice sheets PL95-1444

FEBEX: Full scale Engineered Barriers Experiment in Crystalline Host Rock Fco. Javier Elorza Union Europea y ENRESA. 1996-1999
Contract n° FI4W-CT95-0006

URO, TMR Network A. Pérez Estaln Commission of the European 1996-2000
Communities
ERBMRXCT 960009

Plan de asistencia al sector minero de la RepUblica Argentina (PASMA): V. Gabaldon /L. R. 1.120.000 US déllars | BIRD Banco Mundial Préstamo | 1996-2001

Subcomponente C.1. Programa C.1.a ( Cartografia Geolégica y Tematica) Rodriguez L-3927-AR

CHESS: Climate, Hydrochemistry and Economics of Surface Waters Systems. Fco. Javier Elorza Union Europea. Contract n° 1997-2000
ENV4-CT97-0440

Development of a methodology for detecting deep metal ore deposits through H. Pauwels Unién Europea (Actual cost 1997-2000

physic-chemical analysis of fluids in shallow boreholes contract n° BRPR-CT97-0374)

CLIPEX: Clay Instrumentation Programme for the Extension of an Underground Fco. Javier Elorza Union Europea y ENRESA. 1997-2001

Research Laboratory. Contract n° FI4W-CT96-0028

Big sources of earthquake and tsunami in SW Iberia J.J. Dafiobeitia 91.000 € UE 1998-2000
ENV4-CT97-0547

Caracterizacion del potencial sismico de la falla de Carboneras (Almeria) mediante | P. Santanach 78.131€ CERG - Commission of the 1998-2000

trincheras european communities
ENV4-CT97-0578

Meteorological applications of GPS: Integrated column water vapor measurements | Coord: J. Hasse (ACRI) | 100.000 € UE - ENV4 - CT98-0745 1998-2000

in the western Mediterranean (MAGIC)

IP ROA: J. Martin Davila
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FAUST: Faults as a seismologist's tool UB:P. Santanach 78.132€ UE 1998-2001
Thermal evolution of the Norwegian margin M. Torné 234.431€ NORSK-HYDRO 2000-2001
Upgrading of San Fernando Laser Tracking Station Contratante: R. Boloix Agencia Espacial Europea 2000-2001
IP ROA : J. Martin Davila Contract 13833/99/NL/SF
Human interaction with large scale coastal morphological evolution (HUMOR) Dr. Losada European Comission (UE), N°.: | 2000-2003
EVK3-2000-22014
FEBEX II: Full scale Engineered Barriers Experiment in Crystalline Host Rock Fco. Javier Elorza Uni6n Europea y ENRESA. 2000-2004
Contract n°® FIKW-CT-2000-
00016
Study of the variscan evolution in SW Iberian Peninsula J. Pous 60.104 UNER - Unién Europea 2001-2002
HPMF-CT-2001-01358
Study of the variscan evolution in SW Iberian Peninsula J. Pous 60.104 € UE 2001-2002
HPMF-CT-2001-01358
Joint European Ocean Drilling Initiative (JEODI) Dr. J. Ludden .| European Comission (UE), N°: | 2001-2003
IP en Espaiia: M.C: EVR1-CT-2001-20003
Comas
SAFE: Slow active faults in Europe UB: P. Santanach 87 646 € UE 2001-2004
30000 €
How folding is accommodated at minor scale? Comparison between three types of | J. Vergés 112.000 € Unién Europea (Programa Marie | 2002-2003
folds Curie)
The Iberian-African plate boundary: lithospheric structure and geodynamic evolution | M. Fernandez 22.700 € NATO (EST.CLG.978922) 2002-2004
BMW Benchmark Models for the Water framework directive Fco. Javier Elorza Unién Europea. Contract n° 2002-2004
EVK1-CT-2001-00093
Avalanche studies and model validation in Europe(SATSIE) E. Surifiach 109.999 € UNER - Unién Europea 2002 -2005
EVG1-CT-2002-00059
European Sea-level Service: Research and infrastructure Coord: H.P. Plag ROA: 60.000 € UE 2002-2005
IP Contratante ROA : J. EVR1-CT-2002-40025
Martin Davila
Ocean Drilling Program, ODP Leg 204 G. Bohrmann & A. M. National Science Foundation 2002-2005
Tréhu (Estados Unidos), y otros
EUROCORES- EUROMARGIN. "Imaging the Western Mediterranean Margins: A | M. Fernandez ESF: 01-LEC-EMA22F 2003 - 2005

key target to understand the interaction between deep and shallow processes
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Record of deformation and uplift of the Atlas mountains (Morocco): an integrated A. Teixell 17.000 € NATO 2003-2005
approach.
ASSEMBLAGE, Assessment of the Black Sea sedimentary system since the last G. Lericolais Unién Europea 2003-2006
glacial extreme, EVK3-CT-2002-0090
EuroMargins WESTMED: Estructura cortical y litosférica, movimientos verticalesy | M. Fernandez 17.505 € ESF - EUROCORES 2003-2006
dindmica sedimentaria en el margen septentrional del Mediterraneo Occidental EuroMargins- Plan Nacional
[+D+l, MCYT (REN 2003-05996)
PROMESS 1, PROfiles across MEditerranean Sedimentary Systems. Part 1 S. Berne Unién Europea 2003-2006
EVR1-CT-2002-40024
Forcing of carbonate mounds and deep water coral reefs along the nw european L. Somoza 70.000 € ESF EUROCORE- 2003-2007
continental margins (MOUNDFORCE) EUROMARGINS
01-LEC-EMAO6F
Tectonic control, deep structure and fluid escape pathways in the gulf of Cadiz mud | L. Somoza 50.000 € ESF EUROCORE- 2003-2007
volcano field (MVSEIS). EUROMARGINS
01-LEC-EMA24F
Estructura geoldgica del borde meridional de la cordillera del Atlas (Marruecos): A. Teixell 15.635 € Proy Interuniv. Hispano- 2004-2006
implicaciones sobre la actividad tecténica reciente y la sismicidad Marroqui.
AECI (Ministerio de Asuntos
Exteriores)
THALES WAS RIGHT. Transients in the Hellenic and Antilles Locci of ~ Earthquakes of | A. Hirn/J.Gallart 1.748.000 € UE- FP6-2004-NEST-C-1 (FP6- | 2005-2007
European Subductions: Water Activity, Structure and Seismic Risk llluminated by 029080-2)
Geophysical High-Technology
Fundamental Processes of Radionucleide Migration (FUNMIG) R. Carbonell e 150.000€ e  European FP6 FI6W 2005-2008
516514
Carbonate Reservoir Geomodels J.C. Braga . e RF-Rogaland Research- 2005-2008
Norwegian Science
Foundation
NEAREST. Integrated observations from near shore sources of Tsunamis: Towards | N. Zitellini e 2.850.000 € e European Union, STREPS | 2006-2008
and Early Warning System - Global Change and
Ecosystems Programme.
(FP6- 037110)
Geophysical Oceanography — a new tool to understand the thermal structure and | R. Carbonell e 130.000€ e European FP6 2003 NEST |2006-2010

dynamics of oceans (GO)

B 3 015603-2
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4. ESQUEMA DE UN PLAN DE EVALUACION ESPECIFICO AL PROGRAMA DE ACTIVIDAD Y AL
PROYECTO.

El objetivo general del programa de investigacion es promover y potenciar una investigacion de
alta calidad e innovadora, con impacto en las publicaciones cientificas de mas alto nivel, que
refuerce el papel de las Geociencias espafiolas en el contexto internacional y, en especial, su
insercion en el espacio europeo de investigacion.

Para la evaluacién de los resultados esperables del programa de investigacion a través de hitos
especificos o resultados constatables y valorables, los objetivos del equipo se pueden dividir en
dos grandes ambitos: a) objetivos estratégicos, que responden directamente a las orientaciones
del Plan Nacional de I+D y a los criterios expresados en la Resolucion de Convocatoria del
Programa Consolider-Ingenio 2010; y, b) objetivos cientificos mayores, que se exponen en la
memoria como hitos o resultados especificos esperables (apartado 2.7). Aqui se recogen los
principales hitos y resultados tangibles que pueden utilizarse para un seguimiento de la marcha y
resultados del programa de investigacién, evitando un excesivo detalle para facilitar la valoracion
y estimacion de los resultados alcanzados.

A) OBJETIVOS ESTRATEGICOS

1) Mantener y aumentar el nivel de excelencia de la produccion cientifica del equipo y su
productividad. Indicadores: 50 articulos por afio en revistas indexadas y o capitulos de libros;
mas de una centenar de otro tipo de publicaciones y documentos técnicos; al menos 200
presentaciones a congresos por afio, de las cuales, un minimo del 70 % lo sera en foros
internacionales.

2) Formar jovenes investigadores a un ritmo sostenible en relacion con los mejores centros
internacionales de las especialidades de Geociencias integradas en el Equipo. Coordinacién y
participacion en doctorados y master de calidad. Incrementar la dimension de los grupos
investigadores atrayendo y promoviendo la insercion de jévenes investigadores con talento.
Indicadores: desarrollo de, al menos, 3 programas de doctorado de calidad (y/o Master);
mantener sostenidamente un minimo de 30 becarios y/ contratados pre-doctorales en fase de
realizacion de Tesis Doctoral; incorporacion de un minimo de 12 becarios y/o contratados
post-doctorales; defensa de un minimo de 30 tesis doctorales durante todo el periodo.

3) Contribuir a la mejora de la infraestructura de investigacion facilitando el uso y
optimizando los recursos dispersos existentes en los grupos y complementandolos con nuevas
adquisiciones para constituir equipamientos de referencia a nivel europeo. Indicadores: con la
infraestructura existente reforzada con los fondos propios del programa y los obtenidos en
otras convocatorias o0 ayudas publicas se tratara de conseguir el funcionamiento, al menos,
de la siguientes infraestructuras: a) una nueva plataforma de observacion estatal
“IberArray” constituida por estaciones sismicas, Estaciones GPS, etc. b) dos centros de
procesado de datos sismicos abiertos a toda la comunidad neocientifica espafiola, ¢) un
laboratorio geofisico de campo para estudios de alta resolucion aplicable a estudios del
susbsuelo superficial. Incorporacion de 3 técnicos por afio para el mantenimiento y manejo de
las infraestructuras cientificas y las bases de datos.

4) Continuar y potenciar el esfuerzo de todos los grupos del equipo para participar y dirigir
proyectos de investigacion financiados en convocatorias publicas competitivas europeas,
estatales o0 autondmicas. Indicadores: Mantenimiento de un minimo de 15 proyectos
financiados en convocatorias publicas de 1+D

5) Intensificar la conexion con las empresas e instituciones pulblicas en las especialidades
propias del equipo mediante la realizacién de proyectos de investigacion o a través de
convenios 0 contratos para la realizacion de trabajos técnicos especificos. . Indicadores:
Mantenimiento de un minimo de 30 convenios 0 contratos de investigacion o asesoramiento
técnico con empresas e instituciones publicas
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6) Promover la difusion del conocimiento al conjunto de la sociedad mediante divulgacion
cientifica a través de conferencias, jornadas, productos bibliograficos o cartograficos,
documentales, paginas web y presencia en los medios de comunicacion.

B) OBJETIVOS CIENTIFICOS MAYORES

1) Creacidn y mantenimiento de una base integrada de datos geoldgico-geofisicos que recoja
toda la informacion disponible en una base de datos georeferenciada utilizando un GIS y
accesible a través de web. Los pasos a seguir seran los siguientes.

a. A lapuesta en marcha del programa se abordaré la creacion de una pagina web oficial
en la que se ofrecera al publico toda la informacion del Equipo Consolider Topolberia
y que se utilizard como intranet para intercambio de informacion entre los diferentes
grupos de investigacion. Progresivamente se iran poniendo a disposicién de toda la
comunidad esparfiola de Geociencias los resultados que se vayan alcanzando.

b. Durante el primer afio se definird la estructura y se pondra en marcha una base de
datos georeferenciada en ArcGIS para recopilar toda la informacion geoldgico-
geofisica disponible actualmente, sobre la que se ird almacenando los nuevos datos
que se vayan adquiriendo. El acceso a la base de datos se realizard a través de la
intranet utilizando las potencialidades del GIS.

c. Durante los cinco afios del programa, esta base de datos GIS serd un instrumento
esencial para el intercambio de informacion y el andlisis entre los grupos del equipo.

d. Al final del programa habrd que decidir la articulacién institucional y el
procedimiento a seguir para el mantenimiento futuro de la importante base de datos
que se espera generar

2) Despliegue IberArray
a. Despliegue de las estaciones sismicas en un nimero no inferior a 80 para que se pueda
cubrir toda la peninsula y el norte de Africa durante un periodo de 20 meses. Para ello
se distribuiran las estaciones en tres zonas: a) centro-norte, b) centro-sur, y c) norte de
Africa. El despliegue se realizara tan rapido como se disponga de todos los equipos y
durara todo el tiempo de vigencia del programa.
b. A partir de los datos registrados en esta red y su integracion con otros datos geofisicos
(simica, métodos potenciales, etc) se espera conseguir los siguientes resultados:
i. Nuevos modelos de la estructura y propiedades del manto sublitosférico en
Iberia basados en la integracion de observables geofisicos, fundamentalmente
de tomografia sismica.
ii. Mapas de espesor litosférico, de rigidez y de ritmo de deformacion en cada
area tematica.
iii. Mapa actualizado de profundidad del Moho y espesor cortical.
iv. Mapas de propiedades fisicas en areas clave de la Peninsula Ibérica
integrando informacion estructural y modelos 3-D de pardmetros geofisicos
(velocidades, densidad, resistividad eléctrica,...).

3) Mediciones de deformacion mediante GPS
a. Despliegue de una red de 25 GPS en funcionamiento continuo cubriendo todo el
territorio de estudio durante un periodo de 30 meses. En funcién del analisis de los
datos obtenidos durante este periodo algunos instrumentos se desplazaran a las zonas
de mayor interés para la segunda mitad del proyecto.
b. A partir de estos datos se espera conseguir los siguientes resultados:
i. Mapa de estado de vectores de deformacidn actual de la corteza ibérica
ii. Identificacion de areas que, por mostrar una acumulacion de esfuerzos mas
alta, supongan una mayor peligrosidad sismica.

4) Dataciones

a. Para cuantificar los procesos de levantamiento y erosién que ha dado lugar al actual
relieve ibérico se realizard un campafa intensiva de dataciones, en los distintos
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ambitos regionales, usando las técnicas termocrolégicas de huellas de fisién y U-
Th/He. Para ello se seleccionaran aquellas zonas mas representativas, con modelos
estructurales y tectdnicos evolutivos bien establecidos y con las rocas adecuadas para
la interpretacion de los correspondientes modelos termales. Los resultados que se
espera alcanzar serian los siguientes:
i. Edadesy velocidades de levantamiento de los relieves peninsulares
ii. Integracion de estos datos con modelos tecténicos para analizar las relaciones
acrecion tectonica/erosion.
iii. Cuantificacion de velocidad de levantamiento en ordgenos activos e
identificacion de sus mecanismos de control.
iv. Cuantificacion de velocidad de levantamiento/subsidencia intraplaca
inducidos por plegamientos litosféricos y otros procesos.

Para la obtencion de velocidades de denudacién y levantamiento en las areas
emergidas se porcedera a la datacion de depositos y superficies geomorfol6gicos de
interés utilizando nucléidos cosmogénicos in situ (*°Be), series de desequilibrio de
U/Th, luminiscencia y **C. Ademas se analizaran los is6topos estables de C y O para
determinar condiciones paleocliméaticas. Los resultados especificos que se espera
obtener son:

i. Determinacion de velocidades de formacion del relieve cuaternario

ii. - Mapas neotectdnicos regionales con inclusion de la velocidad de

levantamiento, subsidencia y desplazamientos laterales.

5) Estudios geoldgicos y geofisicos de alta resolucion

a.

Durante el programa se llevaran a cabo estudios geoldgicos y geofisicos detallados en
zonas seleccionadas de los distintos ambitos regionales con el fin de lograr una mejor
caracterizacion geoldgico/geofisica de distintos sistemas orogénicos, estilos de
deformacién, balances, arquitectura interna y dindmica. Los resultados constatables
que se espera conseguir serian los siguientes:
i. Mapas tectdnicos actualizados de todos los &mbitos regionales, estableciendo
las caracteristicas superfiales y profundas de las principales fallas activas
ii. Cortes geoldgicos corticales compensados a través de los distintos sistemas
orogénicos.

iii. Mapas de indicadores cinematicos en el que se sefialen los patrones de reparto
de la deformacion y su evolucion espacio temporal que permitan ensayar
distintas modelizaciones (numérica y analdgica)

iv. Modelizacién geologica 3D de las estructuras geoldgicas significativas,
mediante integracién de datos de superficie y subsuelo

v. Mapas de deformacion cortical cuaternaria y tasas de deformacién co-sismica
segun catalogos historicos y paleosismicidad en areas claramente activas
como las de interaccion entre la placa Ibérica y la Africana, o el cinturdén del
Mediterraneo oriental, en comparacién con otras areas europeas con
sismicidad més moderada

vi. Mapas y DMT de la red fluvial ibérica la distribucion de las incisiones
fluviales y su relacion con elementos morfoestructurales

vii. Mapas sismotectonicos con los parametros de las fallas para la determinacion
de la peligrosidad sismica asociada a estructuras tecténicamente activas y
establecer la arquitectura superficial de las fallas activas.

viii. Mapas paleogeograficos relativos a la evolucion del sistema de drenaje
peninsular, de cuencas sedimentarias y topografia en los Gltimos 20 M afios.

ix. Determinar tasas de levantamiento del relieve y cambios paleocliméticos a
partir de datos sedimentarios (paleontoldgicos, mineral6gicos y geoquimicos)

X. Cuantificaciébn de la importancia relativa de los factores climatico-
geomorfoldgicos y tectonicos para la formacion del relieve, a partir de las
tasas de incision de la red de drenaje y de la actividad de los frentes
montafnosos.
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6) Modelizacion

La modelizacién es la herramienta bésica para integrar los resultados obtenidos en los objetivos
descritos anteriormente bajo una formulacién fisico-matematica, y permitird alcanzar dos
objetivos cientificos fundamentales: a) discernir y entender los mecanismos dominantes en la
configuracion y evolucion de un sistema fisico, y b) reproducir y, consiguientemente, predecir el
funcionamiento del sistema tanto hacia el futuro como hacia el pasado. En este marco genérico de
la modelizacion o simulacion numérica y analdgica se pretende:

a.

Caracterizar la estructura de la corteza y manto superior atendiendo a su geometria,
densidad, posible composicién mayoritaria, condiciones de presion y temperatura,
estado de esfuerzos, y comportamiento reolégico en las condiciones actuales.
Determinar los mecanismos isostaticos, nivel de compensacion, separacion de la
contribucién térmica y composicional a la topografia dinamica atribuible a
heterogeneidades en el manto superior, y comprender la ocurrencia de eventos
sismicos en la franja ddctil del manto litosférico.

Discernir y delimitar los mecanismos actuantes en la Peninsula Ibérica y sus
margenes. En particular, se pretende proponer mecanismos que expliguen la evolucion
del Arco de Gibraltar y regiones adyacentes, la deformacion intraplaca de Iberia y sus
distintas orientaciones, y la evolucion del limite septentrional de la Peninsula (margen
Cantabrico, y colision Pirenaica).

Aplicar modelos integrados de evolucion del relieve y tectonica para simular la
evolucion pasada y futura de las redes de drenaje, movimientos verticales y transporte
de masa superficial asociados a escala regional y supraregional.

Desarrollar nuevas herramientas de modelizacion numérica y experimentacion
analdgica que incorporen aspectos novedosos en el ambito de la simulacion. En este
sentido cabe destacar la incorporacién de variables petrofisicas y mineraldgicas,
cambios de fase, y discontinuidades mecéanicas en los modelos de subduccién,
delaminacion, y deformacion litosférica en general.
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4. EVALUATION SCHEMA, SPECIFIC FOR THE RESEARCH ACTIVITY PROGRAMME AND THE
PROJECT.

The general goal of this research program is to promote and fuel high-quality and innovative
research with impact on top-level scientific publications. This research aims to reinforce the role
of Spanish Geoscience in the international context, and particularly its integration within the
European scientific scenario.

To evaluate the outcomes of the research program through specific milestones or deliverables, the
objectives of the program can be divided in two main fields: a) strategic objectives, related to the
directions of the Plan Nacional de I+D and the criteria expressed in the Resolucién de
Convocatoria del Programa Consolider-Ingenio 2010; and b) main scientific objectives, as
exposed in the proposal (specific milestones or deliverables, section 2.7). Here we specify the
main milestones and results that can be used to track the progress and results of the research
program. We intentionally avoid an excess of detail in order to facilitate the evaluation.

B) STRATEGIC GOALS

7) Consolidating and increasing the excellence of the team’s scientific production and its
productivity. Indicators: 50 articles per year in SCI and/or book chapters; more than 100
other publications and technical reports; at least 200 congress presentations per year, of
which ~70% in international meetings.

8) Training young researchers with a reasonable timing and in contact with the best
international centers of the Geoscience fields of the Team. Coordination and direction of top-
quality PhD. and master students. Increase the size of the research groups by attracting and
promoting the incorporation of talented young researchers. _Indicators: development of at
least 3 PhD. (and/or master) programs of top quality; consolidation of at least 30 granted and
contracted PhD. students; incorporation of 12 granted or contracted post-doctoral
researchers; at least 30 PhD. defenses during the whole period.

9) Contributing to infrastructural improvement by facilitating the use and optimization of
resources existing in the participating groups and complementing them with new acquisitions
to build European-scale reference equipments. Indicators: program-funded infrastructure,
together with that obtained from other calls, the following infrastructures will be
incorporated: a) a new nation-wide observation facility “IberArray’ of seismic stations, GPS
stations, etc. b) two seismic processing centers open to the whole geoscientific Spanish
community, ¢) a geophysical field laboratory for high-resolution studies useful for shallow
underground studies. Incorporation of 3 technicians per year for the maintenance and
handling of these infrastructures and data bases.

10) Pursuing, promoting and joining efforts of groups to submit, join, and lead projects in
competitive calls at European, national, and regional levels. Indicators: at least 15 projects
funded in public R+D calls.

11) Intensifying the cooperation with private companies and public institutions of the Team’s
domain through the realization of research projects or through agreements or contracts for the
realization of specific technical tasks. Indicators: At least 30 agreements or
research/consulting contracts with companies and public institutions.

12) Promoting knowledge diffusion to the society through conferences, meetings, bibliographic
and cartographic products, documentaries, web pages, and media presence.
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B) MAJOR SCIENTIFIC GOALS

7) Creation and maintenance of an integrated geophysical and geological database compiling
all available information in a georeferenced format (using GIS software) and accessible
through the internet. This will be done in the following steps:

a. As the programs starts, an official web page will be created that will host all
information of the Consolider Topolberia Team and that will be used as intranet to
exchange information between different research groups. Progressively, the outcomes
of the program will be offered to the entire Geoscientific community.

b. During the first year, the structure and set-up of the georeferenced database will be
defined. ArcGIS will be adopted to compile all geological and geophysical
information available at present, on which new data will be added as acquisition
progresses. Access tot he data base will be interactive through the intranet and with a
GIS interface.

c. During the five years of the program, this GIS database will be an essential instrument
to exchange information and analysis between the Team’s groups.

d. At the end of the program a discussion on the institutional mechanisms and the
procedures will be opened that will decide the future of the important database that
will be produced.

8) lberArray deployment

a. Deployment of at least 80 seismic stations to cover the entire Iberian Peninsula and
North of Africa during 20 months. To this purpose, the stations will be deployed in
three areas: a) central-north, b) central-south, c) North Africa. The deployment will be
performed as soon as the equipment is available and will last for the whole program
duration.

b. From the new data produced with such a network and its integration with available
geophysical data (seismics, potential fields, etc.), the following results are expected:

i. New models of the structure and properties of the Iberian sublithospheric
mantle based on the integration of geophysical observables, particularly
tomography and seismics.

ii. Mapping of the lithospheric thickness, mapping of lithospheric rigidity, and
mapping of the crustal/lithospheric strain rate at each area.

iii. Updated mapping of the Moho depth and crustal thickness.

iv. Mapping of the physical properties at key areas of the Iberian Peninsula
integrating structural information with 3D models of geophysical parameters
(wave velocity, density, electric resistivity, etc.).

9) GPS measurements of deformation
a. Deployment of a 25-station continuous GPS network covering the whole study area
during a 30-month period. Depending on the results of the data analysis, some
instruments might be shifted to areas of greater interest for the second half of the
project.
b. From these data, the following results are expected:
i. Map of the present deformation vectors of the Iberian crust.
ii. ldentification of areas presenting a larger stress concentration and therefore a
higher seismic hazard.

10) Dating

a. In order to quantify the processes of uplift and erosion that modeled the present
Iberian relief, an intensive campaign of dating will be undertaken in the study regions.
The main techniques will be fission-track thermochronology, U-Th-He. To this
purpose, best constrained areas (well-established structural and tectonic models) will
be chosen so that the results can constrain the thermal models. The expected results
are:

i. Ages and velocities of uplift of the Iberian relief.
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b.

ii. Integration of these datings with tectonic models to analyze the relationships
between tectonic accretion and erosion.

iii. Quantification of uplift rates in active orogens and identification of its control
mechanisms.

iv. Quantification of uplift/subsidence rates at intraplate areas induced by
lithospheric folding and other processes.

To obtain denudation and uplift rates of onshore areas, sediment and
geomorphological surfaces will be dated using cosmogenic nuclide techniques (*°Be),
U/Th, luminiscence and *C. Stable isotopes of C and O will be used to estimate
paleoclimatic parameters. The expected specific results are:
i. Rate of formation of the Quaternary relief.
ii. Neotectonic regional maps including uplift rates, subsidence and lateral
movements.

11) High-resolution geological and geophysical studies

a.

During the program, detailed geological and geophysical studies will be undertaken in
selected areas of the study regions with the aim of characterizing the styles of
deformation, balanced cross sections, internal architecture, and dynamics of different
orogenic systems. The expected specific results are:

i. Updated tectonic maps of all studied regions, establishing the shallow and
deep characteristics of the main active faults.

ii. Balanced geological sections of the crust across the studied orogens.

iii. Maps of cinematic indicators in which strain distribution patterns and its
evolution are specified, allowing to test computer and analogue models.

iv. 3D modelling of the main geological structures by integrating surface and
subsurface data.

v. Maps of quaternary crustal deformation and co-seismic deformation rates
according to historical catalogue data and paleoseismicity in clearly active
areas such as in the interaction between lIberia and Africa or the Eastern
Mediterranean, relative to other European areas of lesser seismic activity.

vi. Maps and DEM of the Iberian fluvial network, the distribution of fluvial
incision and its relationship with morphostructural elements.

vii. Seismotectonic maps incorporating fault parameters to constrain the seismic
hazard associated to tectonically active structures and establish the surface
architecture of active faults.

viii. Paleogeographic maps of the evolution of the drainage network of the Iberian
Peninsula, its sedimentary basins and topography in the last 20 Myr.

ix. Determining surface uplift rates and paleoclimatic changes from sedimentary
data (palaeontological, mineralogical y geochemical)

X. Quantification of the relative importance of the climatic and
geomorphological factors vs. the tectonic processes in shaping landscape,
based on the collected multidisciplinary data and the modelling.

12) Modelling

Process modeling is a key tool to integrate the data acquisition results with a physic-mathematical
representation of the processes shaping the Earth’s landscape. It will enable us to reach two
fundamental goals of this program: a) distinguishing and understanding the dominant mechanisms
in the configuration and evolution of a physical system, and b) reproduce and, therefore, predict
the present and past behavior of the system. Within this framework of numerical/analogue
modeling or simulation, we intend to:

a.

b.

To characterize the structure of the crust and upper mantle according to its geometry,
density possible dominant composition, pressure and temperature conditions, stress
regime, and rheological behavior in the present conditions.

To determine isostatic mechanisms, compensation depth, and thermal and
compositional contributions to dynamic topography, as linked to heterogeneities in the
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upper mantle and better understand the occurrence of seismic events in the ductile
domain of the lithospheric mantle.

Discern the main processes acting in the Iberian Peninsula and its margins.
Particularly, we intend to propose mechanisms explaining the evolution of the
Gibraltar Arc and adjacent regions, the intraplate deformation of Iberia and its
changeable orientations and the evolution of the southern limit of the Peninsula
(Cantabrian margin, and Pyrenean collision).

Application of integrated evolutionary models of topography and tectonics to simulate
the past evolution and future of drainage networks, vertical motions and surface
transport associated to regional scale and continental scale.

Development of new numerical modeling tools and analogue experiments
incorporating novel aspects in the modeling domain. In this sense, it is remarkable the
incorporation of petrophysical and mineralogical variables, phase changes, and
mechanical discontinuities to the models of subduction, delamination, and wide-sense
lithospheric deformation.
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5. PRESUPUESTO DETALLADO PARA EJECUTAR EL PROGRAMA PROPUESTO.

El presupuesto del Programa vy, si corresponde, las diversas fuentes de financiacion, con el calendario previsto para la
ejecucion del mismo. Se indicara justificadamente la financiacién que se solicita por bloques de conceptos financiables con
fondos CONSOLIDER.

A continuacion se presenta el presupuesto estimado de ejecucion del programa Topo-lberia,
desglosado por blogues de conceptos financiables.

Hay que sefialar que existe un compromiso de Co-financiacion por parte de la entidad gestora de este

programa, Consejo Superior de Investigaciones Cientificas. Dicha entidad aportaria de sus fondos
propios el 20 % del total (hasta 1.000.000 de Euros), segln se recoge en el Documento que se adjunta.
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PRESUPUESTO DE COSTES MARGINALES

3.1 Gastos de Personal a contratar con cargo al programa de actividad investigadora

Personal que se va a contratar Salario bruto Dedicacion Coste imputable | % del coste Ayuda que se Justificacion de su necesidad y tareas que
anual incluidos al proyecto al proyecto que se solicita realizara
costes sociales solicita
EURO N° de NOde N total EURO EURO
horas/mes meses horas

PERSONAL DE NUEVA CONTRATACION

1 Técnico superior de gestion 30.000,00 37 60 2220 150.000,00 100 150.000,00 | Necesario para la coordinacion general, gestion
de distribucion de recursoseconémicos entre
todos los grupos participantes, seguimiento del
cumplimiento de objetivos y justificacion final

1 TécnicolLicenciado de gestion de bases de 30.000,00 37 60 2220 150.000,00 100 150.000,00 | Creacion y mantenimiento de bases de datos

datos geoldgico-geofisicos existentes y que se
adquiriran en el proyecto

1 TécnicolLicenciado en adquisicion y 30.000,00 37 60 2220 150.000,00 100 150.000,00 | Necesario para participar en la adquisicion

analisis de nuevos datos GPS continuada durante el proyecto y procesado de
nuevos datos con red de GPS

1 TécnicolLicenciado en adquisicion y 30.000,00 37 60 2220 150.000,00 100 150.000,00 | Se instalara durante todo el proyecto una

procesado de nuevos datos sismicos densa red de decenas de estaciones sismicas
en registro continuo, que generaran una
masiva cantidad de informacion que debera
gestionarse (despliegue, recuperacion de datos
sobre el terreno y andlisis en laboratorio)

1 TécnicolLicenciado en adquisicion y 30.000,00 37 60 2220 150.000,00 100 150.000,00 | La enorme cantidad de informacién sismica

procesado de sismica y magnetotellrica requerird del apoyo de una 22 persona para su
gestion. Esta persona se ocuparia también de
la adquisicion y gestion de los nuevos datos
de los perfiles de Magnetotellrica

TOTAL 750.000,00 750.000,00
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3.2 Costes directos de ejecuciéon: Gastos de inversion en equipamiento

Nuevo equipamiento que se requiere

Coste

Justificacion de su necesidad

EURO

40 Estaciones sismicas de Banda Ancha

800.000,00

El despliegue de una red sismica densa y extensa, que acabe
cubriendo toda la peninsula es objetivo basico en el proyecto.

Se requieren este pool nacional de equipos para completar los
ya existentes

25 Equipos GPS

450.000,00

La plataforma de observacion IberArray debe efectuar en toda
la Peninsula y Norte de Africa mediciones de deformaciones
mediante una red de instrumentos GPS. Se requiere una muy
alta precision (uso de antenas tipo ‘choke ring’, etc.)

10 Estaciones de magnetoteldrica

500.000,00

En la plataforma IberArray deben efectuarse también sucesivas
transectas de magnetotellrica que requieren estos nuevos
equipos para completar los existentes

10 Estaciones de trabajo y accesorios

90.000,00

Necesidad de procesar la masiva cantidad de nueva
informacion que se va a adquirir, y de desarrollar modelos
numéricos evolutivos con altos requisitos informaticos

2 Vehiculos TT acondicionados para intervencion geofisica

80.000,00

Las campafas geofisicas que se efectuaran de manera
continuada requieren vehiculos adaptados para la correcta
gestion de los instrumentos y datos sobre el terreno

Software diverso de procesado geofisico

50.000,00

Los andlisis innovadores previstos requieren disponer de los
softwares mas avanzados de procesado e interpretacion de los
nuevos datos

TOTAL

1.970.000,00
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3.3 Costes directos de ejecucion: Si ha lugar, Gastos de Infraestructura (construccion,...)

Elemento a construir (m2) y equipamiento de primera vez Coste Justificacion de su necesidad

EURO

TOTAL 0,00
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3.4 Costes directos de ejecucién: Otros costes de ejecucion

Entidad colaboradora o de subcontratacion de servicios, costes
de seguimiento

Coste

Justificacion de su necesidad y tareas que realizara

EURO

Analisis geocronolégicos en laboratorios internacionales

200.000,00

Los estudios topograficos planteados requieren
mediciones geotermomeétricas de alta precision, cuyo
andlisis debe efectuarse en laboratorios internacionales
muy especificos

Adquisicién de datos de alta resolucién en zonas
especificas

250.000,00

El proyecto contempla adquirir en zonas de especial
interés datos de muy alta resolucién, con experimentos
geofisicos especificos con mayor densidad de mediciones

Gastos diversos relativos a las campafias

250.000,00

Deben contemplarse gastos de alquiler de vehiculos, de
combustible o transporte para las acciones continuadas
sobre el terreno, asi como seguros de personal durante
los experimentos y de instrumental, reparaciones de
equipos, etc.

TOTAL

700.000,00
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3.5 Costes directos de ejecucién: Viajes y Dietas

Entidad colaboradora o de subcontratacion de servicios, costes Coste Justificacion de su necesidad y tareas que realizara
de seguimiento

EURO

Reuniones de coordinacion y workshops internos 200.000,00 | La multiplicidad de grupos y de tematicas de investigacion
requeriran un esfuerzo importante y continuado de
coordinacion interna, cientifica y logistica

Camparias geoldgicas de adquisicion de datos 300.000,00 | En las diversas areas objeto de estudio en la peninsula
deberan adquirise nuevos datos relevantes en campafias
de larga duracion temporal

Instalaciéon y mantenimiento de redes geofisicas 500.000,00 | Un objetivo basico del proyecto es el despliegue durante
la totalidad del mismo de redes geofisicas (sismicas GPS
y MT) cubriendo toda la peninsula, en funcionamiento
continuo

Difusion de resultados, workshops internacionales 300.000,00 | Se requerira un esfuerzo especial en preparacion de
resultados multidisciplinares, modelos interpretativos
integrados, y su posterior difusion en el circuito cientifico
internacional

TOTAL 1.300.000,00
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3.6 Costes directos de ejecucién: (Funcionamiento)

Concepto Coste Justificacion de su necesidad

EURO

Consumibles para instrumentos de campo 200.000,00 | El funcionamiento en modo de registro continuo de los
equipos multidisciplinares requiere una gran cantidad de

consumibles diversos

Materiales cartogréficos, reproduccion, difusion etc. 100.000,00 | Los estudios sobre el terreno requieren multitud de
documentos de cartografia de precision, material de

reproduccion, de oficina, o de difusion (incluyendo videos
de campafas, etc.)

TOTAL 300.000,00
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3.7 RESUMEN DEL PRESUPUESTO DESGLOSADO POR CONCEPTOS

Concepto Ayuda gue se solicita
EURO
COSTES DE PERSONAL A CONTRATAR CON CARGO AL PROGRAMA ACTIVIDAD INVESTIGADORA (a) 750.000,00
COSTES DIRECTOS DE EJECUCION
CONCEPTO COSTE
Material inventariable 1.970.000,00
Infraestructura-Construccidn, equipamiento 0,00
Funcionamiento 300.000,00
Viajes y Dietas 1.300.000,00
Otros gastos 700.000,00
TOTAL COSTES DIRECTOS DE EJECUCION (b) 4.270.000,00
COSTES INDIRECTOS (c) 0,00
TOTAL COSTE DE EJECUCION (a+ b +¢) 5.020.000,00
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5. DETAILED BUDGET FOR THE PROPOSED RESEARCH PROGRAMME

The budget of the Topo-lberia programme is presented hereafter, detailed in funding concepts.

It has to be emphasized that there is a formal engagement of complementary funding support assumed
by the managing institution of this programme, the Consejo Superior de Investigaciones Cientificas
(CSIC). The CSIC will provide from own funds the 20 % of the total amount (up to 1.000.000 Euros),
as indicated in the enclosed document.
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MARGINAL COSTS BUDGET

1 Personnel Costs

Additional Personnel to be contracted Brute Salary Dedication to Project Cost % of cost Total Amount Explanation of needs and tasks to be done
per year, the project requested requested
including
taxes
EURO N° N° N° total EURO EURO
hours/month | months hours

PERSONNEL TO BE CONTRACTED

1 Management expert 30.000,00 37 60 2220 150.000,00 100 150.000,00 | Needed for general coordination, management
of economic resources among all participant
groups, checking of objectives achievement,
and periodical and final reports

1 Technitian/Graduated for data base 30.000,00 37 60 2220 150.000,00 100 150.000,00 | Implementation and management of geological-

management geophysical databases, both existing and
acquired during the project

1 Technitian/Graduated for acquisition and 30.000,00 37 60 2220 150.000,00 100 150.000,00 | Needed to participate in the continued acquisition

analysis of new GPS data sets and processing of new data from the GPS
network

1 Technitian/Graduated for acquisition and 30.000,00 37 60 2220 150.000,00 100 150.000,00 | A dense network of tens of seismic stations will

processing of new seismic data sets be deployed throughout the project, in continuous
recording mode and will provide a massive
amount of information to be managed.
Needed for deployment, field data recovery
and processing in lab.

1 Technitian/Graduated for acquisition and 30.000,00 37 60 2220 150.000,00 100 150.000,00 | Management of the huge amount of seismic

processing of seismics and magnetotellurics information will require support from a second
person, who will be involved also in the
acquisition and analysis of the new
Magnetotelluric data

TOTAL 750.000,00 750.000,00
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2 Direct Costs: Equipment

New equipment requested

Cost

Explanation of needs

EURO

40 Broad Band Seismic stations

800.000,00

A major aim of the project is the deployment of a dense,
widespread seismic network that covers the Iberian Peninsula.
These requested stations, regarded as a first part of a ‘national
pool’ are mandatory to achieve the aim, complemented by the
existing stations in different groups

25 GPS stations

450.000,00

The observational platform IberArray should perform
deformation measurements in the whole Peninsula and North
Morocco, using a GPS network of high accuracy (use of
antennas type ‘choke ring’, etc.)

10 Magnetotelluric stations

500.000,00

Within the IberArray platform, several Magnetotelluric transects
are also envisaged. They require this new equipment, to be
used together with the already existing stations

10 Workstations and peripherals

90.000,00

Needed to analyze the massive amount of new information to
be acquired, and to develop evolutionary models with high
computing requests

2 Vehicles allroad equipped for geophysical interventions

80.000,00

The continued geophysical field experiments would benefit
rom allroad vehicles specifically equipped to manage the
instruments and data in situ

Geophysical analysis Software

50.000,00

The innovative analyses envisaged require the use of advanced
software for processing and interpretation of new datasets

TOTAL

1.970.000,00
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3 Direct costs of execution. If needed, Infrastructure expenses (building,...)

Element to built (m2) and first time equipment Cost Explanation of needs

EURO

TOTAL 0,00
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4 Direct costs of execution: Other costs

Collaborative institution, or Subcontracted services Cost Explanation of needs
EURO

Geochronological analyses in International Laboratories 200.000,00 | The studies of topography envisaged require high
presition geothermometric measurements and the
corresponding analyses should be accomplished in
specific international laboratories

Acquisition of high resolution data in specific areas 250.000,00 | The project considers acquisition of high resolution data in
key targeted areas, by means of geophysical experiments
with higher density of measurements

Diverse expenses in relation with field experiments 250.000,00 | Expenses related to the continued actions on the field,
such as hiring vehicles, petrol, transportation, insurances,
reparing instruments, etc.

TOTAL 700.000,00
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5 Direct costs of execution: Travel and expenses

Cost

Explanation of needs

EURO

Coordination meetings and internal workshops

200.000,00

The number of groups and multidisciplinary research
themes will require an important, continued effort of
internal coordination, both in scientific and logistic
aspects.

Geological campaigns of data acquisition

300.000,00

In several study areas of the Iberian Peninsula new
relevant data should be acquired in continued field
campaigns during the project

Deployment and maintenance of geophysical networks

500.000,00

A major aim of this research is the deployment throughout
the project of geophysical networks (seismic, GPS and
MT) covering the whole scope areas

Dissemination of results, international workshops

300.000,00

A special effort will be required to achieve and manage
multidisciplinary results, integrated interpretative models,
and farther dissemination at the appropriated international
level

TOTAL

1.300.000,00
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6 Direct costs of execution: Operational costs

Concept

Cost

Explanation of needs

EURO

Consumables for field instruments

200.000,00

The multidisciplinary field equipment operating in
continuous recording mode requires a great amount of
consumables

Cartographic materials, reproduction, diffusion, etc.

100.000,00

The field studies require also a geat amount of
cartographic documents of high precision, reproduction
and diffusion materials (f.e. including video recording of
experiments), etc.

TOTAL

300.000,00
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7 Budget Summary

Concept Requested Amount
EURO
PERSONNL COSTS 750.000,00
DIRECT EXECUTION COSTS
CONCEPT COST
New Equipment 1.970.000,00
Infrastructure, Building, etc. 0,00
Operational 300.000,00
Travel and expenses 1.300.000,00
Other costs 700.000,00
TOTAL DIRECT EXECUTION COSTS (b) 4.270.000,00
INDIRECT COSTS (c) 0,00
TOTAL EXECUTION COSTS (a+b +¢) 5.020.000,00
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