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[1] In 2003 two wide-angle reflection/refraction seismic transects were acquired in the Variscan Belt of SW
Iberia. The approximately 250 and 300 km long, dense trace spacing transects revealed clear S wave arrivals
in the shot gathers recorded by vertical component sensors in both transects. First S wave arrivals (Sg) and
Moho reflections (SmS) are the most prominent phases that can be correlated from shot to shot. Sg is observed
up to relatively large offsets and constrains the upper and middle crust S wave velocities. The SmsS is seen
from offset 0 (18 s twtt) to 150 km offset, where it intercepts first S wave arrivals (Sg). The upper mantle
refracted phase (Sr) is difficult to recognize, although PmS/SmP converted phases can be identified. Using
a 2-D ray tracing approach, two S wave velocity models for the crust of SW Iberia were obtained. These
S wave velocity models complement the previous P wave velocity models and provide us with relatively well
resolved Poisson’s ratio crustal sections for SW Iberia. The resulting Poisson’s ratio models present differ-
ences between tectonic zones at upper and middle crustal depths, thus supporting the existence of different
tectonic zones prior to the Variscan collision. The most noteworthy feature is the high Poisson’s ratio value
(over 0.28) coincident with high P wave velocity areas (over 6.8 km/s) at midcrustal depths. In order to con-
strain the possible crustal composition, P wave velocities and Poisson’s ratios have been compared with pub-
lished laboratory measurements on different crustal rock types. This comparison indicates that the high
P wave velocity and Poisson’s ratios are compatible with a mixture of mafic to ultramafic rock types alter-
nating with felsic ones. This result is consistent with the existence of mafic layered bodies in the middle crust,
in the same way that has been suggested by previous works in this area.
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1. Introduction

[2] Estimates of the continental crustal composition
are important to understand the evolution and
growth of the continents, but direct sampling to
address this issue is unfeasible. Physical properties,
like seismic velocities, obtained by indirect techni-
ques (wide-angle reflection/refraction seismic pro-
spection) has proven to be a useful tool for
estimating the composition of the crust and even the
lithosphere when compared with laboratory mea-
surements [e.g., Shillington et al., 2004; Palomeras
et al., 2009]. Nevertheless, laboratory measure-
ments of P and S wave velocities for different rock
types [e.g., Christensen and Mooney, 1995] show
that many of these have similar values, making it
difficult to differentiate between them. Poisson’s
ratios or V,/V;, however, may place key constraints
on the crustal composition [e.g., Holbrook, 1988;
Brown et al., 2003; Hauser et al., 2008; Janik et al.,
2009]. Because of the relatively small range of
values that the Poisson’s ratio features for crustal
rocks (from 0.22 to 0.35), high resolution on its
determination is required.

[3] SW Iberia presents the best exposed fragment of
the Variscan orogenic Belt, that was developed
under a transpressional tectonic regime. This region
provides a good opportunity to study this orogeny
and its evolution. In this study we present two S
wave velocity models and the resulting Poisson’s
ratio variations obtained for the crust of the SW
Iberian Peninsula. The models have been derived
from the IBERSEIS Wide-Angle experiment data
set [Palomeras et al., 2009], which is composed of
two ~300 km long transects that cross the Variscan
Belt of SW Iberia (Figure 1). This project was
designed to study the composition of the lithosphere
of SW Iberia and complement the previous normal
incidence seismic survey IBERSEIS [Simancas
et al., 2003; Carbonell et al., 2004; Schmelzbach
et al., 2008]. The high-resolution recordings have
allowed us to identify with confidence strong P waves

and high-quality S waves in the vertical seismic
recorders. The new S wave velocity models pre-
sented here have been integrated with the P wave
models derived from the same transects [Palomeras
et al., 2009] and have led to the computation of
Poisson’s ratio models. The Poisson’s ratio models
derived for each transect have been compared with
published experimental data [Christensen, 1996] to
obtain petrological information of the crust and to
create a lithological model of the area.

2. Geological Setting

[4] The Variscan Beltis a Late Paleozoic orogen that
extends along most of Europe. The western half of
the Iberian Peninsula represents a continuous out-
crop (the Iberian Massif) of the Variscan Belt. In SW
Iberia, the Variscan Belt is made up of three conti-
nental blocks: the South Portuguese Zone (SPZ), the
Ossa-Morena Zone (OMZ) and the Central Iberian
Zone (CIZ) (Figure 1). The latter one represents the
autochthonous margin of Gondwana [Pérez-Estaun
and Bea, 2004]. The OMZ crust is also ascribable to
the margin of Gondwana, but its boundary with the
CIZ is a major tectonic band that suggests some
degree of independence for the OMZ [Azor et al.,
1994; Simancas et al., 2009]. In turn, the boundary
between the OMZ and the SPZ is considered to be
the place where the Rheic Ocean closed, giving way
to the collision between the Avalonian margin of
Laurussia and the margin of Gondwana [Matte,
2001].

[5] Inbetween the autochthonous CIZ and the exotic
SPZ, the OMZ is a key piece of crust whose stra-
tigraphy records a Paleozoic evolution characterized
by a rifting event from Early-Middle Cambrian to
Ordovician, a passive margin stage from Ordovician
to Early Devonian and a complex synorogenic
evolution during Devonian and Carboniferous times
[Simancas et al., 2001; Robardet and Gutierrez-
Marco, 2004]. The OMZ/CIZ boundary is a wide
shear zone dominated by left-lateral displacement,
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Figure 1. Map of the main geological units and tectonic zones of SW Iberia placed on the top of the Bouguer anomaly
map. The location of the two wide-angle seismic reflection profiles, transect A and transect B (white dashed lines), and
the shot positions (red circles) are shown. The acquisition parameters are specified in the text and in Table 1. The normal

incidence seismic profile IBERSEIS is shown as a red
locations.

which includes eclogite lenses, mafic rocks of
MORB affinity and a variety of high-grade gneisses
and metasediments [Burg et al., 1981; Azor et al.,
1994; Ordoiiez Casado, 1998; Gomez-Pugnaire
et al., 2003]. Furthermore, a vergence change of
the Variscan structures takes place at this boundary
[Simancas et al., 2001]. These features, together
with some differences in the Paleozoic stratigraphy
with respect to the CIZ, have led to suggest that this
is a major orogenic Variscan boundary, though
faunal affinities between the OMZ and the CIZ do
not substantiate a significant separation between
them [Robardet and Gutierrez-Marco, 2004].

[6] The SPZ is the southernmost crustal piece in SW
Iberia. It is characterized by extensive outcrops of
magmatic rocks of Early Carboniferous age, related
to the famous giant sulphide deposits in the region
[Saez et al., 1999]. The SPZ outcrops reveal a
Middle Devonian to Carboniferous stratigraphy, and
cannot be compared with the OMZ and CIZ
concerning the Early Paleozoic evolution. However,
the SPZ crust is interpreted as exotic with respect to

line. Light blue circles indicate the magnetotelluric station

the OMZ and CIZ because its boundary with the
OMZ is an orogenic suture, based on the presence of
three particular units: the Pulo do Lobo (PL), the
Allochthonous Complex of southern OMZ and the
Beja-Acebuches amphibolites. The Pulo do Lobo
unit, is made up of low-grade schists and quartzites
crowded with quartz veins and including oceanic-
type metabasalts. It has been interpreted as a
subduction-related accretionary prism [Eden and
Andrews, 1990; Oliveira, 1990]. The Allochtho-
nous Complex is dominated by the Moura-Cubito
schists and tectonic lenses of oceanic-type metaba-
sites, nonoceanic eclogitic metabasites, gneisses and
high-grade marbles and schists. This ensemble may
represent an accretionary complex from a conti-
nental margin, plus small obducted pieces of oceanic
crust [Fonseca et al., 1999; Araujo et al., 2005].
Finally, the Beja-Acebuches amphibolites are a
continuous outcrop of metabasic rocks along this
boundary (OMZ/SPZ) and have been interpreted as
an ophiolite of the Rheic Ocean [Fonseca and
Ribeiro, 1993; Quesada et al., 1994; Castro et al.,
1996], though the Early Carboniferous age recently
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determined for these metabasites does not support
that interpretation [Azor et al., 2008]. Despite these
new geochronological data, the boundary between
the OMZ and the SPZ may still be considered an
orogenic suture, based mainly on the Pulo do Lobo
and the Allochthonous Complex evidence.

[7] Early Carboniferous mafic magmatism is a par-
ticular feature of SW Iberia. Together with promi-
nent volcanism in the SPZ, basalts are common in
the Early Carboniferous basins of the OMZ and
southern CIZ [Simancas et al., 2001]. Moreover, on
the basis of reflection seismic data, magmatic rocks
have been interpreted to occur in the upper crust of
SW Iberia [Simancas et al., 2003; Carbonell et al.,
2004; Schmelzbach et al., 2008; Palomeras et al.,
2009, 2011]. The tectonic interpretation of this sig-
nificant magmatic intraorogenic event is open to
debate: it might be a hot spot related to some type of
mantle plume impinging on SW Iberia and the
neighboring Canadian Maritimes [Simancas et al.,
2006] or it might be due to orogenic slab breakoff
[Pin and Rodriguez, 2009].

[8] To sum up, the Paleozoic orogenic evolution of
SW Iberia is recorded in the tectonothermal evolu-
tion of three continental blocks: SPZ, OMZ, and
CIZ, whose collision has produced two orogenic
sutures, at the boundaries of the OMZ. One of these
boundaries (OMZ/SPZ) may be the scar of the
Paleozoic Rheic Ocean. The continental collision
started in Devonian times, but a likely hot spot stage,
manifested in mafic acid magmatism and extension,
took place in SW Iberia during the Early Carbonif-
erous. Further description and discussion on the
tectonic evolution of the Variscan orogen in Iberia
can be found elsewhere [Simancas et al., 2003;
Pérez-Estaun and Bea, 2004].

3. Geophysical Background

[9] Several geophysical studies have been carried
out in SW Iberia. One of the most important ones
is the IBERSEIS vertical incidence experiment, a
~300 km long normal incidence seismic survey
acquired in 2001 [Simancas et al., 2003]. This
survey crossed the SPZ, the OMZ and the CIZ and
their tectonic boundaries (Figure 1) providing a very
detailed seismic image of the crust. This image
provided new structural data on the Variscan Belt at
crustal scale revealing the geometry of the struc-
tures. The most remarkable feature imaged by
this seismic profile was the Iberseis Reflective
Body (IRB) [Simancas et al., 2003; Carbonell et al.,
2004], a thick, 175 km long and irregular reflective

band located within the OMZ and CIZ at a depth
between 4.5 s and 6.0 s two way traveltime (twtt).
The image of the IRB shows bands of reflectivity,
that has led the authors to interpret it as a layering
of sill-like mafic and ultramafic igneous rocks
with interlayered septa of metasedimentary rocks
[Simancas et al., 2003; Carbonell et al., 2004]. The
image of the IBERSEIS profile also shows an almost
flat and continuous Moho discontinuity at 10.5 s
twtt. No remains of either the lower crust subducted
in the suture zones or those of a previous orogenic
root are observed.

[10] In September 2003 the IBERSEIS wide-angle
survey was carried out in the same area (Figure 1).
It consisted of two high-resolution wide-angle
reflection/refraction transects [Palomeras et al.,
2009; Flecha et al., 2009; Ayarza et al., 2010].
Transect A was approximately 300 km long and
overlapped the trace of the normal incidence survey
IBERSEIS. This transect revealed that the IRB cor-
responds to an area of high P wave velocities (6.8—
6.9 km/s) situated at 12—15 km depth. Transect B
was approximately 250 km long and was located to
the ESE of transect A, sharing with it the northern
end. Results of transect B show the nonuniqueness
of the IRB, revealing the existence of more high-
velocity bodies, now within the SPZ and CIZ, also
at midcrustal depths. Both transects also show an
almost flat Moho discontinuity situated at 32 km
depth. Palomeras et al. [2009] suggested a possible
crustal composition along both transects comparing
the wide-angle compressional wave velocities with
laboratory measurements corrected for depth and
temperature. These authors conclude that the mid-
crustal high velocities are consistent with the exis-
tence of mantle derived rocks.

[11] Flecha et al. [2009] studied the reflectivity
observed in the IBERSEIS wide-angle shot gathers
at middle to lower crustal levels and at the Moho
generating synthetic seismograms using a 2-D finite
elements elastic approach. In order to reproduce the
observed seismic signature (high amplitude and
reverberatory coda) the original model (forward
model obtained by Palomeras et al. [2009]) had to
be perturbed by introducing randomly distributed
ellipses with velocity variations of £0.2 km/s within
the middle and lower crust. The resulting synthetic
seismograms qualitatively reproduce more accu-
rately the shot records than the one generated by the
unperturbed model. This study concluded that the
high P wave velocity zones could correspond to a
layered mafic intrusion and that the lower crust and
Moho may be strongly laminated.
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Table 1. Data Acquisition Parameters for Transect A and Transect B

Description

Transect A

Transect B

Intershot distance
Number of shots
Shot charges (kg)

Charge configuration
Station spacing 400 m
Length of profile ~300 km

approximately 60 km
6 shots (3 mistaken)
A1:1000, A2:750, A3:500

single 50-60 m borehole

approximately 60 km

6 shots fired twice
B1:1000, B2:750, B3:500
B4:500, B5:750, B6:1000
single 50-60 m borehole
approximately 150 m
~250 km

[12] Additionally, modeling studies using geopo-
tential fields have also been carried out in SW Iberia.
Palomeras et al. [2011] obtained two lithospheric-
scale models of SW Iberia using a code that
combines heat flow, gravity, geoid elevation and
topography [Zeyen and Fernandez, 1994]. The
models run from across the Gulf of Cadiz to the CIZ,
crossing the SPZ and the OMZ, and overlapping the
IBERSEIS wide-angle transects. Resulting litho-
spheric models revealed that high-density bodies are
needed at midcrustal depths in order to fit the geo-
potential fields. The positions and shapes of these
high-density bodies closely coincide with those of
the high P wave velocity bodies. Previous modeling
studies using a similar algorithm were carried out in
the area [Fernandez et al., 2004]. These models
needed to thicken the middle crust and decrease the
thickness of the upper crust within the OMZ in order
to increase the crustal density to account for the
geopotential fields signature.

[13] Finally, a magnetotelluric profile was also
acquired in the study area in 2001 [Pous et al., 2004]
largely coincident with the IBERSEIS seismic
profile (Figure 1). The resulting resistivity model
shows that the IRB coincides with the top of a
120 km long high-conductivity layer located at
midcrustal depths [Carbonell et al., 2004] and
interpreted as a sill-like intrusion of magmas with
assimilated pyritic graphite-rich rocks.

[14] Accordingly, all the studied geophysical data
sets indicate that the crust in the area is relatively
mafic in composition, mostly at middle and lower
crustal levels. The tectonic evolution of SW Iberia in
Early Carboniferous times, characterized by mafic
magmatism, has been addressed as the scenario in
which the mafic lithologies identified in the middle
deep crust may have originated.

[15] All these multidisciplinary studies have con-
strained a detailed crustal model. However, to
identify specific lithologies, and to reveal differ-
ences between the three tectonic zones, additional
information and better resolution on the physical

properties is needed. Thus constraints on the S wave
structure and Poisson’s ratio are required.

4. IBERSEIS Wide Angle: S Wave Data

4.1. Data Acquisition

[16] The IBERSEIS Wide-Angle survey consists of
two transects acquired in SW Iberia. Both transects
cross the main tectonic units (the SPZ, the OMZ and
the CIZ) and are perpendicular to their tectonic
contacts. The transects were acquired using 650
vertical seismic geophones connected to REFTEK
125A digital recorders (Texans) of the IRIS-
PASSCAL instrument pool. Transect A is ~300 km
long with a station spacing of approximately 400 m.
Transect B is ~250 km long and a denser sta-
tion spacing was used (approximately 150 m). To
achieve this spacing, shots along this transect
were fired twice: first the stations were placed at
approximately 300 m spacing and after the shots
were fired, the stations were moved 150 m toward
the north along the profile. Then all shots were
fired again. Six shots were designed for each
transect (6 + 6 for transect B), but the northern ones
on transect A failed. Shot charges were placed in a
single 50-60 m deep borehole. Charges used were
1000, 750 and 500 kg. The largest charges were
located at the edges of the transects and charge
sizes were decreased for the shots toward the center
of the transects. The acquisition parameters are
summarized in Table 1. Additionally details on the
acquisition and P wave processing and interpreta-
tion are given by Palomeras et al. [2009].

4.2. Data Processing

[17] In order to increase the signal of the S wave
phases, the following processing steps were applied
to the shot gathers. First, the geometry information
obtained by GPS measurements was introduced in
the trace headers. The geometry information was
used to sort the traces to generate each shot gather
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Figure 3. Vertical component record sections for shots acquired along transect A. The data have been band-pass fil-
tered (2—10 Hz). The shot records are displayed with a reduction velocity of 4.6 kim/s. The main arrivals which have been
interpreted are labeled correspondingly. Sg is the first S wave arrival, SmS is a S wave reflected from the crust mantle
transition (Moho discontinuity), PmP is the P wave reflected from the Moho discontinuity, and PmS/SmP is the P wave
incident at the Moho discontinuity and converted in reflection to a S wave or vice versa (converted waves).

before the processing. Then, the traces were bal-  cessing step was more important for transect B
anced, normalizing each trace by an estimate of its ~ where each shot record is created by merging two
background noise. After this, an amplitude balanc-  shots. Then, frequency analysis was done (Figure 2).
ing (spherical divergence) was applied. This pro-  The analysis reveals that the frequency in the most
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Figure 4. Vertical component record sections for shots acquired along transect B. The data have been band-pass fil-
tered (2—10 Hz). The shot records are displayed with a reduction velocity of 4.6 km/s. The main arrivals which have been
interpreted are labeled correspondingly. Sg is the first S wave arrival, SmS is a S wave reflected from the crust mantle
transition (Moho discontinuity), PmP is the P wave reflected from the Moho discontinuity, and PmS/SmP is the P wave
incident at the Moho discontinuity and converted in reflection to a S wave or vice versa (converted waves).

prominent S wave phases is lower than 10 Hz. After ~ 4.3. Data Description
the frequency analysis, a band pass filter from 2 to
10 Hz (0.25,2,10,15 Hz) was applied to the shot
gathers to improve the data quality and to better
identify the S wave phases.

[18] Clear S wave arrivals can be identified in the
vertical components records, and can be correlated
from shot to shot. Different phase arrivals have been
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Figure 4. (continued)

identified in the shot gathers (Figures 3 and 4), and
they have been labeled following the conventional
notation used in refraction experiments. Phases that
have been identified, labeled and picked in the shot
gathers are (Figures 3 and 4) as follows: (1) Sg
for the direct arrival of the S waves, (2) SmS the
reflection of the S waves at the Moho emerging as a
S wave, and (3) PmS/SmP for the P wave emerging

as a S wave or vice versa after reflecting and being
converted at the Moho boundary.

[19] The shot gathers present clear intracrustal P
wave reflections analyzed and interpreted elsewhere
[Palomeras et al., 2009]. However, the intracrustal
reflected S wave phases are probably hidden by
the P wave energy, making them difficult to recog-
nize. The fact that we are using vertical component
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recorders enhances this problem. Accordingly, lesser
amplitude S wave phases are expected.

[20] However, the direct first S wave arrival (Sg) and
the Moho reflection arrival (SmS) are very promi-
nent and can be identified and correlated in all record
sections. Both, Sg and SmS phases, have a long coda
(up to 2s in some cases). The Sn phase (critical
refraction at the Moho boundary through the upper
mantle) is difficult to recognize because it does not
exceed the energy of the compressional waves. In
this case, modeling of the subcrustal S wave veloc-
ities is not possible. Shot gathers also show con-
verted wave reflections from the Moho (PmS/SmP).
Its presence indicates a sharp crust-mantle transition
[Jacob and Booth, 1977]. For display purposes
all shot gathers are plotted at a reduced time using a
V,=4.6 km/s, that corresponds to 8/ /3 and assumes
a Poisson’s ratio of 0.25.

4.3.1. Transect A

[21] Shots A1, A2 and A3 show prominent Sg arri-
vals (Figure 3) that appear as a burst of energy with a
duration of ~1.5 s. The Sg phase can be followed to
large offsets, and its changes in slope reveals the
presence of as many as 4 layers. The SmS phase is
observed in all shot gathers from normal incidence
until ~150 km offset where it intercepts the Sg
arrivals. From ~40 km to 150 km offsets it appears as
a burst of energy with a ~2 s long coda, while at
nearer offsets it appears with a shorter coda and it
intercepts the 0 offset at ~18 s twtt. On shot gathers
A2 and A3 a converted reflected wave at the Moho
(PmS/SmP) can be observed until offset 0, where it
arrives at ~14 s twtt.

4.3.2. Transect B

[22] The six shot gathers along transect B have a
relatively high amplitude Sg phase (Figure 4). This
phase is observed up to large offsets and reveals the
presence of, most probably, 5 layers. The Moho
reflection (SmS) is the most prominent feature in the
shot gathers. It can be followed until normal inci-
dence where it also arrives at ~18 s twtt. This phase
is characterized by a burst of energy with a 1.5-2 s
long coda. As in the shot gathers of transect A, the
PmS/SmP phase is also recognized. This phase
intercepts the zero offset at 14 s twitt.

5. Modeling

[23] The S wave velocity models have been
obtained by forward modeling using the Zelt and

Smith [1992] ray tracing based utilities. To use this
2-D ray tracing approach, first the stations and
sources of each profile have been projected per-
pendicularly onto a reference line preserving the
offset information.

[24] Although the IBERSEIS wide angle reflection/
refraction data set features clear intracrustal P wave
reflected phases, no intracrustal S waves reflected
phases have been identified. Accordingly, the
modeling strategy has been to transform the P wave
velocity model from Palomeras et al. [2009] into a
S wave velocity model using the V,,/V; = 1.73 rela-
tionship (assuming a Poisson’s ratio of 0.25). Thus,
the crustal structure obtained from the P wave
modeling has been adopted as a starting S wave
model. Next, the upper and middle crustal velocities
have been adjusted taking into account the Sg phase.
The offsets for which the Sg is observed are large
enough to allow us to model the velocities of the
upper ~18 km depth. Finally, the lower crust
velocities have been adjusted using the Sm.S arrivals.
The Moho depth has been established so that it
would be consistent with that of the P wave velocity
models [Palomeras et al., 2009] and with the ver-
tical incidence IBERSEIS data [Simancas et al.,
2003]. As no Sn phase can be identified in the shot
gathers, no information about the S wave velocities
beneath the Moho can be obtained. Thus, the models
presented in this study deal only with the crust.

6. Results: Shear Wave Velocity
and Poisson’s Ratio Models

[25] As aresult of the forward modeling carried out
using the criteria described above, a 2-D S wave
velocity model has been obtained for each transect
(Figures 5b and 6b). It is worth mentioning that the
P wave velocity models presented by Palomeras
et al. [2009], and used as starting models in
this work, show high-velocity zones at midcrustal
depths. However, these zones cannot be identified
in this work.

[26] Variations in the Poisson’s ratio in the crust
of SW Iberia have been computed from the P wave
velocity models of Palomeras et al. [2009] and
the S wave velocity models presented in this work
(Figures 5c and 6c¢). Poisson’s Ratio (o) as a func-
tion of V,, and ¥ for an isotropic medium is defined
as:

1 1
3| -G v
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Figure 5. (a) Crustal P wave velocity model for transect A [after Palomeras et al., 2009]. (b) S wave velocity model
obtained by iterative ray tracing. (c) Poisson’s ratio computed with the P and S wave velocity models. Horizontal arrows
represent the tectonic zones in the area (SPZ, South Portuguese Zone; OMZ, Ossa-Morena Zone; CIZ, Central Iberian
Zone) and their sutures (PL, Pulo do Lobo; CU, Central Unit). Shot positions are represented as black triangles.

Resulting S wave velocity and Poisson’s ratio
models for each transect are discussed below.

6.1. Transect A

[27] The S wave velocity model for transect A
(Figure 5b) shows some lateral differences along the
profile. The upper crust, from 0 to 10—12 km depth,
can be divided into two parts: (1) the SPZ and (2) the
OMZ and the CIZ. Within the SPZ, the S wave
velocities range from 2.90 km/s to 3.45 km/s and are
lower than within the northern part where velocities
range from 3.10 km/s to 3.60 km/s.

[28] The middle crust extends from 12 km depth
down to 20-22 km depth. As in the upper crust,
the middle crust also presents lateral differences.
Within the SPZ, modeled S wave velocities range

from 3.55 km/s to 3.85 km/s, whereas within the
OMZ and the CIZ S wave velocities range from
3.75 km/s to 3.95 km/s. The location of the IRB, the
high P wave velocity body [Palomeras et al., 2009],
corresponds to the mapped area within the OMZ and
the CIZ with higher S wave velocities than within
the SPZ. The lower crust, from 20-22 km depth
to the Moho, is more homogeneous along the tran-
sect. At these depths, S wave velocities are similar
along the whole transect, ranging from 3.90 km/s
to 4.15 km/s.

[29] Poisson’s ratios determined for transect A
(Figure 5c) show clear differences between the
upper, middle and lower crust, and between the
various tectonic provinces. The upper crust, from
0 to 12 km depth, shows lower Poisson’s ratio
values within the OMZ and CIZ than within the SPZ.
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Within the SPZ, Poisson’s ratio is 0.25, whereas
within the OMZ and CIZ it decreases to 0.23. At
midcrustal depths (from 12 to 22 km) the lower
Poisson’s ratio values are within the SPZ, with
values of 0.25. However, Poisson’s ratio increases
toward the north, within the OMZ and CIZ, up to
values of 0.29, coinciding with the high V), region.
The lower crust, from 22 km depth down to the

Moho, is more homogeneous, with Poisson’s ratio
values of 0.25 within the OMZ and CIZ, and slightly
higher within the SPZ.

6.2. Transect B

[30] The resulting S wave velocity model for tran-
sect B (Figure 6b) is similar to that of transect A. The
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S wave velocities in the upper crust (from 0 km to
10—-12 km depth) are higher within the OMZ and the
CIZ than within the SPZ. Within the SPZ, velocities
range from 2.90 km/s to 3.55 km/s, whereas within
the OMZ and the CIZ they range from 3.10 km/s to
3.55 km/s. It is noteworthy that the high velocities
found beneath shot B4 (km 50 to km 80) at shallow
depths (first 2-3 km) are 0.6 km/s higher than the
velocities for the rest of the OMZ and CIZ at similar
depths.

[31] S wave velocities modeled at midcrustal levels
(from 10 km depth to 20 km depth) range from
3.65 km/s to 3.85 km/s. However, the velocity dis-
tribution is not homogeneous along the whole tran-
sect. In the regions where high P wave velocities are
present (SPZ and CIZ), the S wave velocities are
higher than within the OMZ for the same depths.
In the lower crust (from 20 km depth down to the
Moho), S wave velocities range from 3.90 km/s to
4.15 km/s, the same as in transect A.

[32] Poisson’s ratio for transect B (Figure 6c¢) also
reveals differences between upper, middle and lower
crust, and between tectonic provinces. The upper
crust in the northern part of the transect presents
lower Poisson’s ratio values (0.23). Poisson’s ratio
increases between 50 and 80 km, underneath shot
B4, as do V,, and V;. Poisson’s ratio is relatively high
at midcrustal levels (from 10 to 20 km depth). It is
higher than 0.27 within the SPZ and than 0.28 within
the CIZ coincident with the high P wave velocity
areas. Within the OMZ, Poisson’s ratio is lower,
with values around 0.26. At lower crustal depths,
from 20 km down to the Moho, Poisson’s ratio
increases toward the north, from 0.24 within the SPZ
to values greater than 0.25 within the CIZ.

6.3. Model Resolution and Uncertainties

[33] The larger uncertainty in the derived S wave
velocity models is for transect A. The fact that the 3
northernmost shots failed reduced the ray coverage
in the shallow part and northern part (Figure 7), thus
leading to a lack of rays in the velocity model.
Consequently, the velocity model is only well con-
trolled in the southern part of the transect for these
depths. For transect B, the ray coverage shows that
the velocity model is well resolved (Figure 8).

[34] Inthe analysis of the S wave arrivals, the largest
source of error comes from the travel time picking.
The S waves have been identified on shot records
acquired from vertical component sensors. We have
estimated the uncertainty by iterative travel time
modeling of domochrones. We have considered a

misfit between the observed and modeled arrivals of
0.3-0.5 s (Figures 9 and 10). In the worst case (0.5 s)
this results in an error in V, of £0.10 km/s.

[35] The Poisson’s ratio is directly related to the
mineral composition of the rocks. Nevertheless, it is
also recognized that crack porosity has a great
influence on Poisson’s ratio as well as anisotropy.
For crystalline rocks, no significant changes in Pois-
son’s ratio have been documented with increasing
pressure for pressures above 200 MPa [Christensen,
1996; Wang and Shaocheng, 2009], when the crack
porosity closes.

[36] Although Poisson’s ratio helps to place further
constraints on possible rock types that make up the
crust, we have to consider the uncertainty associated
with the calculated V), and V. The standard error in
the calculation of the Poisson’s ratio could be greater
than the variation of the function itself, exceeding
the possible coefficient’s values [Hawman et al.,
1990]. For a V,,/V, equal to 1.78 and an error in V),
and V of 2% we produce an error in the calculated
Poisson’s ratio of 9% [Christensen, 1996]. The error
in the Poisson’s ratio depends strongly on the V,/V
ratio, and it is higher at lower values of V,/V
[Christensen, 1996]. This uncertainty in the Poisson’s
ratio is an important consideration when it is calcu-
lated from experimental, field and laboratory mea-
surements. For our P and S wave velocity models,
the estimated error is 0.15 km/s and 0.10 km/s,
respectively. This error produces a Poisson’s ratio
error of 0.025.

7. Crustal Composition

[37] Palomeras et al. [2009] proposed possible
lithologies for the crust of SW Iberia from the P
wave velocity model. However, this correlation was
limited due to the fact that only P wave velocities
were used, and similar compressional wave veloci-
ties are found for many common crustal rock types
[e.g., Carmichael, 1989; Christensen and Mooney,
1995]. Poisson’s ratios determined from P and S
wave velocities have the potential of decreasing the
range of possible lithologies. In this section we
propose possible lithologies for the crust of SW
Iberia by comparing the Poisson’s ratio models
derived from the calculated seismic velocities with
the Poisson’s ratio measures determined from lab-
oratory measurements. In the absence of laboratory
studies on rocks and xenoliths of the area, we used
the laboratory measurements made by Christensen
and Mooney [1995] and Christensen [1996] for the
most common crustal rock types.
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Figure 7. Raypath coverage along transect A for the direct and head waves for crustal discontinuities and for the
reflected wave at the Moho (fifth panel). The ray coverage shows the lack of rays in the upper crust for the northern part

of the transect.

[38] Changes in pressure and temperature have an
influence on the velocity values, and therefore, they
have to be taken into account when establishing
constraints on crustal composition. However, their
influence is low on the Poisson’s ratio estimates, and
it fluctuates within the experimental error bars
[Christensen, 1996].

[39] Laboratory derived P wave velocities used in
this work have been corrected for depth and tem-
perature with the SW Iberia geotherm (20°C/km)
[Palomeras et al., 2011] (Table 2). A qualitatively
smoothing procedure has been applied so that areas

with similar velocities and Poisson’s ratio have been
merged into the same structure (layer). Then vertical
profiles, V,/depth and Poisson’s ratio/dept have
been determined by averaging the values from a
20 km wide strip within each tectonic province and for
each profile. The resulting values have been com-
pared with the ones in Table 2 to obtain the possible
crustal composition for SW Iberia (Figure 11). Crack
porosity has a strong influence on the seismic
velocities, especially on the S wave velocities. This
produces large deviations in the Poisson’s ratios. In
most rocks, crack porosity does not close until
pressures greater than 100-200 MPa, that corre-
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Figure 9. Theoretical traveltime branches predicted by the S wave velocity model of transect A using the Zelt and
Smith [1992] algorithm. The theoretical traveltime branches illustrate the agreement between the observed phases
and the model prediction. The data have the same processing as in Figure 3.

sponds to depths of somewhat less than 10 km
(67 km depth). Accordingly, the influence of the
crack porosity in our models is expected to affect
only the uppermost crust.

7.1. Upper Crust

[40] The upper crust can be divided into two layers.
The more superficial one (first 2 km) has P wave
velocities around 5.1 km/s and Poisson’s ratio of
0.25 within the SPZ. Within the OMZ and the CIZ
this layer features higher P wave velocity, 5.3 km/s,
and lower Poisson’s ratio, 0.24. These values are
consistent with metagraywacke, a rock type which is
dominant in the outcrops of the region. Below, in the
southern part of the transects (SPZ), a P wave
velocity of 5.9 km/s and Poisson’s ratio of 0.25 is

obtained, while 6.0 km/s and 0.23 to the north (OMZ
and CIZ) is obtained. The most compatible rocks
for this region include granite gneiss, though the
surface geology suggests a more complex mixture
of lithologies, including schist, metasandstones,
metavolcanics and metagranitoid intrusions.

7.2. Middle Crust

[41] The P wave seismic velocities in the middle
crust are laterally variable for both transects
(Figures 5a and 6a). However, resulting models for
the S wave seismic velocity show a more homoge-
neous crust with small lateral changes (Figures 5b
and 6b). The resulting Poisson’s ratio, is laterally
variable at these depths (Figures 5c and 6c¢), showing
values that are relatively high. A Comparison of the

16 of 23

85UB017 SUOWILWIOD 3A 181D 8[eoldde 8Ly Aq peusenod a1e sejole YO ‘8sn o SainJ 10} ARiq1T8UUO /8|1 UO (SUORIPUOD-PUE-SWLBI L0 A3 1M ATeIq1jeulU0//Sdny) SUOIIPUOD pue Swie 1 84} 88S *[7202/20/80] U0 Akeiqi8ulluo A8|IM BoUewR S 80 Peps AN AQ £/SE000DTTOZ/620T OT/I0pAW00 A3 1M Atelq 1 jpuluo'sandnBe//sdny woy papeojumod ‘L ‘TTOZ '220252ST



= Geochemistry 3
| Geophysics |
|Geosystems |

PALOMERAS ET AL.: Vs AND POISSON’S RATIO MODELS IN sW IBERIA  10.1029/2011GC003577

) <
<+ =
X X
L &
2 )
£ £
= [
5} o
Q @
o o
=3 3
el o
Q Q
14 14
-200000 -150000 -100000 -50000 0
L — | ; ; .
@ z3Sho _ g
=1 ‘ ‘ : Lt Mg
E E
[= , ; [=
o : . 5 o
8 ; 8
= -}
el & » °
R ! EH e
— hll - T

T - T
-150000 -100000 -50000 0 50000

Reduced Time (s) (t-x/4.6)
Reduced Time (s) (t-x/4.6)

Reduced Time (s) (t-x/4.6)
RSN S e s e )
SRR e oo oo O

Reduced Time (s) (t-x/4.6)

T T T
-50000 0 50000 100000 150000

Reduced Time (s) (t-x/4.6)
Reduced Time (s) (t-x/4.6)

° °
= =
3 x
& Py
R E @
o E ©
£ 143 £
= E =
° 3 el
@ 3 @
s} 3 o
=3 3 =
S 3 °
o} 3 o]
o i o
50000 100000 150000 200000
Distance (m)

Figure 10. Theoretical traveltime branches predicted by the S wave velocity model of transect A using the Zelt and
Smith [1992] algorithm. The theoretical traveltime branches illustrate the agreement between the observed phases
and the model prediction. The data have the same processing as in Figure 4.

17 of 23

85UB017 SUOWILWIOD 3A 181D 8[eoldde 8Ly Aq peusenod a1e sejole YO ‘8sn o SainJ 10} ARiq1T8UUO /8|1 UO (SUORIPUOD-PUE-SWLBI L0 A3 1M ATeIq1jeulU0//Sdny) SUOIIPUOD pue Swie 1 84} 88S *[7202/20/80] U0 Akeiqi8ulluo A8|IM BoUewR S 80 Peps AN AQ £/SE000DTTOZ/620T OT/I0pAW00 A3 1M Atelq 1 jpuluo'sandnBe//sdny woy papeojumod ‘L ‘TTOZ '220252ST



&~ Geochemistry _
@\ Gggf,h‘;'s'i'fs 1Y PALOMERAS ET AL: Vs AND POISSON'S RATIO MODELS IN SW IBERIA 10.1029/2011GC003577

"/ Geosystems | 7

Table 2. Compressional Velocities and Poisson’s Ratio (o) for Different Crustal Rock Types as Functions of Depth and
Corrected for Temperature With the SW Iberia Geotherm (20°) [Palomeras et al., 2011]*

5 km, 10 km, 15 km, 20 km, 25 km, 30 km,
100°C 200°C 300°C 400°C 500°C 600°C
V, o Vy o V, o V, o V, o Vy o

Basalt (BAS) 5.84 0289 587 0290 588 0291 588 0293 587 0294 586 0.295
Diabase (DIA) 6.63 0277 6.64 0277 6.63 0278 6.61 0278 6.58 0279 6.56 0.279
Granite- 6.17 0236 620 0237 620 0238 6.18 0239 6.16 0239 6.13 0.240
Granodiorite (GRA)
Diorite (DIO) 640 0260 645 0261 646 0263 645 0265 643 0266 642 0.268
Gabbro- 7.04 0292 7.05 0293 7.03 0294 7.01 0295 698 0295 694 0.296

Norite (GAB)
Metagraywacke (MGW) 533  0.238 544 0242 551 0245 554 0248 557 0252 558 0.255

Slate (SLT) 6.06 0298 6.09 0298 6.11 0297 6.11 0297 6.11 0297 6.09 0297
Phyllite (PHY) 6.07 0261 6.13 0262 6.14 0263 6.13 0264 6.12 0265 6.10 0.266
Zeolite facies 624 0293 629 0294 631 0295 631 0297 630 0298 628 0.299
Basalt (BZE)

Prehnite-pumpellyite 624 0273 630 0274 632 0276 632 0278 631 0279 630 0.281
Facies basalt (BPP)

Greenschist facies 6.64 0260 6.73 0260 6.75 0.261 6.74 0262 6.73 0263 671 0.264

Basalt (BGR)
Granite gneiss (GGN) 599 0243 6.08 0245 6.09 0246 6.09 0248 6.08 0250 6.07 0.251

Biotite (tonalite) 6.09 0252 6.16 0253 6.17 0254 6.17 025 6.15 0257 6.13 0.258
Gneiss (BGN)

Mica quartz 6.16 0267 626 0268 630 0269 630 0270 629 0270 629 0.271
Schist (QSC)

Amphibolite (AMP) 6.74 0259 6.81 0260 6.81 0261 679 0262 676 0263 6.73 0.264
Felsic granulite (FGR) 630 0267 633 0268 632 0269 630 0271 627 0272 623 0.273
Paragranulite (PGR) 623 0263 627 0264 626 0265 624 0266 621 0266 6.17 0.267
Anorthositic 6.78 0295 6.81 0295 680 029 677 0297 674 0298 6.71 0.299

Granulite (AGR)
Mafic granulite (MGR) 6.74 0282 6.77 0282 676 0283 6.73 0283 6.70 0.283 6.67 0.283

Mafic garnet 697 0272 7.05 0273 7.05 0274 7.04 0276 7.02 0277 698 0278
Granulite (GGR)

Serpentinite (SER) 524 0342 526 0345 525 0347 524 0350 521 0353 518 0355
Quartzite (QTZ) 588 0.072 590 0.077 588 0.083 585 0.088 581 0.093 577 0.099
Calcite marble (MBL) 680 0310 6.81 0306 679 0303 6.76 0300 6.73 0.296 6.69 0.293
Anorthosite (ANO) 685 0311 688 0311 688 0312 686 0312 6.84 0312 681 0313
Hornblendite (HBL) 7.05 0256 7.08 0256 7.06 0.257 7.03 0258 7.00 0.259 696 0.260
Pyroxenite (PYX) 7.66 0253 7.67 0254 7.66 0255 7.64 0257 7.61 0258 7.57 0.259

*Modified from Christensen and Mooney [1995] and Christensen [1996].

resulting V,-Poisson’s ratio pairs with those of  basalt, amphibolites, mafic granulite, mafic garnet

typical rock lithologies measured in the laboratory at
high confining pressures and temperatures, shows
the following differences between transects and
tectonic provinces.

[42] For transect A, the P wave velocities at these
depths, increase dramatically toward the north.
Within the SPZ the average velocity is 6.3 km/s and
average Poisson’s ratio is 0.25. Rock types com-
patible with these measurements include: granite-
granodiorite, biotite (tonalite) gneiss, phyllite,
paragranulite, mica quartz schist, felsic granulite,
diorite and gabbro.

[43] Within the OMZ P wave velocity and Poisson’s
ratio increase up to 6.9 km/s and 0.26 respectively.
The compatible rocks include: greenschist facies

granulite and hornblendite. Within the CIZ, P wave
velocity is 7.0 km/s and Poisson’s ratio is around
0.28. Hornblendite, amphibolite, mafic garnet granu-
lite and gabbro-norite-troctolite are rock types com-
patible at this depth with these values.

[44] For transect B at midcrustal depth, the V,, and
Poisson’s ratio indicate differences between tectonic
provinces but at the same time, there are some
similarities. The SPZ and CIZ have two layers with
different ¥, and Poisson’s ratio. The upper part of
the middle crust within the SPZ and the middle crust
within the OMZ have the same P wave velocity
(6.4 km/s) and Poisson’s ratio (0.25). The compati-
ble lithologies include: paragranulite, mica quartz
schist, felsic granulite, prehnite-pumpellyte facies

18 of 23

85UB017 SUOWILWIOD 3A 181D 8[eoldde 8Ly Aq peusenod a1e sejole YO ‘8sn o SainJ 10} ARiq1T8UUO /8|1 UO (SUORIPUOD-PUE-SWLBI L0 A3 1M ATeIq1jeulU0//Sdny) SUOIIPUOD pue Swie 1 84} 88S *[7202/20/80] U0 Akeiqi8ulluo A8|IM BoUewR S 80 Peps AN AQ £/SE000DTTOZ/620T OT/I0pAW00 A3 1M Atelq 1 jpuluo'sandnBe//sdny woy papeojumod ‘L ‘TTOZ '220252ST



15252027, 2011, 7, Downloaded from https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2011GC003577 by Universidad De Salamanca, Wiley Online Library on [08/02/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

o~ on
o~ 9\l
A Gy
o S)
o
S 2
—
—
S "A1oAn0adsal Sp1om SIy) pue 600z ‘v Jo svouioppg| eyep d[3ue
N -9pIM STASYHC] 9y} WOy PAUTULIO)OP SONRI S UOSSIOJ PUEB SANII0[OA dABM J ) UI SIOLID 9y} Judsardar saul] [ejuozLoy
= PUE [BOT}ISA S L "BIBP VA -SIASHAL] 9} PUB 7 9[qB.L UI Pa3SI] s9dA) 001 oY} J0J SOT)BI S UOSSIOJ SNSIOA 94 T 31
—
S
—
cw\z._o Jamon * * * um.-._._U JamoT] * * * * * *
M 18H < avo agH -7
I~ {ony EvOe ¥9O L ooz . o u9Oe ~ L 0oz . avo e  ¥99 T8H & - 002
m “an ONY —an ONV J$n19 Jamo]
= ¢ Fee divg ~ ¢ Tee uOWN iy ¢ -~
=3 ¥ov ¢ mwm - dov ¢ “xwm_ . Ajon® o uos
A wvia® 1SnID BIPPIN wig® _1sn1D aIppPIN s aIppIiN -y q® oia
Z ] e0la -7 [ 059 1 0y [~ L 059 1 i S 059
o4 e
BE] X9
7 aza e ddg & ¢ $u5d 5 aza e ddg ¢ *vod 5 3za & ddga e ﬁomwn_ 5
2 EESPUY VO = oS0 "7 o oo #VHO = 0SD 309 JNOF  evio =
| 1 s e At Nog oo [ 000 W ] 1is e AHdY Nog [ooo 2 | s e AHd NOO 009 m
m sva & i|. sva & S~ sva e P
o - - snio Jaddn P e
- - .
= 1 Jsnio ._wnnm\ [ osc ] - [ oss 1 Isnip ._wnla_H 056
M ~ MOW ~o MOW
* MOW
w1
Z .
o : : : : : 00's . . . . : 00 00'S
m 02€'0 00€°0 0820 092°0 ovz0 02z'0 00Z°0 0ze'0 00€°0 0820 092°0 ovz0 02z'0 00Z°0 0ze'0 00€°0 0820 092°0 ovZ'0 022°0 00Z°0
S opey s,uossiod Z19 9 LOFSNVAL oney suossiod ZINO 9 LOISNVUL oned sitossiod ZdS 9 LOISNVAL
=)
4
<
»
V n n " " " n n n n n
. «wh_._o Jamon] SN Jamor]
— ¥99 - ¥9O gH
< { o 08 - ol T\ L 002 oy 80, [ 002 1 onv 89 - - L 002
T [~
@ ¢ T8, uom _n_s_,wo/ ~d_ ¢ T8, v <2 AT woy IS s
W Hov ,Mo . ¥og 3sRID SIPPIN HoVY ¢ . Y08 ~1snio oppmn HOV e $.5 Tndlemon
E L 059 via L 059 1 F 059
m N oY €010 - N 40I1d - Ho4 +0I1a _ - —~1sn1D 9|pPPIN -
2 3zae ddie § 4.0, 5 Jzae  ddE e 440, 5 EvaRS 3
=t oS0 T g VO = 050 e VO = =
< Lse AHd®  Nog o3 nse AHd®  Nbg 3 nse 5
a 1 NOO L 009 & o5 L 009 & 1 Yoo L 009 &
sva & , svd e , sva &
-, s
e - % * S~<l
l i Isni saddn L og's Isnup saddn L og's 4 ~ dd L 05
(u ~<_J mow S<o mon _ S eadn
> MOW o
]
— [72) .|T
wn n
.m.m m 00'S 00 T T T > T . 00
] W,..& 0ze'0 00€°0 082°0 092°0 0vZ'0 0zz°0 00Z°0 0ze'0 00€°0 08Z°0 09Z°0 0vZ0 02z°0 00Z°0 0ze0 00€0 0820 092’0 Uzay 0zzo 00z°0
=
hm m.m, one sossiod ZID V LOASNVHL oney suossiod ZINO ¥ 1O3SNVAL one sossiod ZdS V LOASNVYL
QD
Qo0
R




“4ade. ~ Geochemistry 7
@\ Gggf,h‘;'s?fs 19 PALOMERAS ET AL: Vs AND POISSON'S RATIO MODELS IN SW IBERIA 10.1029/2011GC003577

| Geosystems | I

basalt, diorite and metagabbro. The upper part of the
middle crust within the CIZ shows similar V),
around 6.4 km/s, but lower Poisson’s ratio. The
possible rock types for this area include: granite-
granodiorite, paragranulite and diorite. The SPZ and
CIZ present a lower-middle crust with high average
P wave velocity and Poisson’s ratio of 6.9 km/s and
0.28, respectively, values close to those found in
transect A for the same area. The compatible rock
types for this velocity and Poisson’s ratio are:
amphibolite, mafic granulite, mafic garnet granulite,
anorthositic granulite, hornblendite, gabbro-norite-
troctolite and greenschist facies basalt.

7.3. Lower Crust

[45] Intransect A, within the SPZ, the lower crust is
divided into two layers. The upper one has a P wave
velocity of 6.9 km/s and a Poisson’s ratio of 0.26.
Consistent rock types with these values include:
amphibolite, greenschist facies basalt, mafic granu-
lite, hornblendite and mafic garnet granulite. Under
this layer, the P wave velocity and Poisson’s ratio are
the same as in the OMZ and CIZ, namely 7.0 km/s
and 0.25. Hornblendite is the rock type consistent
with these values.

[46] Fortransect B, there are differences between the
tectonic zones at lower crustal depths. Within the
SPZ and OMZ there are two layers with different
P wave velocity and Poisson’s ratio. Under this
layer, there are no differences between the tectonic
zones. Within the SPZ there is a low-velocity layer
underneath the middle crust, with P wave velocity of
6.7 km/s and Poisson’s ratio of 0.24. The closest and
most probable rock types for this depth in this region
include: amphibolite and greenschist facies basalt.
Within the OMZ there is also an upper lower crustal
layer with P wave velocity equal to 6.8 km/s and
Poisson’s ratio equal to 0.25. Compatible rock types
include: amphibolite, greenschist facies basalt and
hornblendite. Underneath this layer, for all three
tectonic zones, the P wave velocity and Poisson’s
ratio are 7.0 km/s and 0.25, respectively. Horn-
blendite is consistent with these values.

[47] In this correlation we have not considered the
possibility of small-scale heterogeneity layers. It has
to be taken into account that the values determined
from the seismic data correspond to average values.
Therefore, heterogeneous layers made up of a mix-
ture of rock types consisting of mafic with less mafic
material which would average the specific physical
property values, should also be consistent with
the seismic estimates. Thus, heterogeneous layered

structures cannot be ruled out, and according to
Flecha et al. [2009] should be considered.

8. Discussion

[48] The calculated Poisson’s ratios for our two
transects (Figures Sc and 6c¢) are quite similar. For
the upper crust within the OMZ and CIZ, both
transects show a low Poisson’s ratio, being locally
even less than 0.23 (Figures 5S¢ and 6¢). This is not
the case for the middle crust, where high Poisson’s
ratios are obtained. At these depths, from 12 to
22 km, the Poisson’s ratio is laterally variable with
values that exceeds values of 0.28. In the lower crust
different values are observed for each transect. On
transect A the Poisson’s ratio is constant along the
whole transect with a value of 0.25. For transect B, at
the same depth, the Poisson’s ratio changes laterally,
being higher within the CIZ (0.26) than within the
SPZ (0.24). The difference between both transects is
most probably due to the low resolution at these
depths. Since no S wave intracrustal reflections have
been identified in the shot gathers, no detailed
information about the lower crust is achieved. For
this reason, the lower crust has been modeled as a
single layer in the V; models. This is not the case in
the 7, models, where it has been modeled in more
detail, especially because the models include a low-
velocity layer within the SPZ at ~23 km depth. This
could explain the low Poisson’s ratio at 20-25 km
depth within the SPZ in transect B. This region has a
lower V), value than the others regions of the transect
for the same depth but no difference has been
detected for the ¥, model. Accordingly, it results in
a low Poisson’s ratio.

[49] The uppermost crustal layer (first 2 km) pre-
sents differences between tectonic zones, but the
only rock type compatible in all cases is meta-
graywacke. Since in this part of the crust the
Poisson’s ratio is strongly influenced by open crack
porosity, we assume that the corresponding calcu-
lated Poisson’s ratio is also influenced by this fact
and does not strictly represent lithologies. Even
then, these values are compatible with a rock type
which agrees with the observed outcrops where the
Paleozoic is represented by metagraywacke.

[s0] The P wave models present high-velocity zones
at midcrustal depths [ Palomeras et al., 2009], which
are not as clear in the S wave velocity models. These
high V), areas correspond to the areas with high
Poisson’s ratio. According to Christensen and
Mooney [1995] and Christensen [1996] the possi-
ble rock types that agree with the resulting high V),
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and high Poisson’s ratio include: amphibolites,
gabbro norite troctolite, mafic granulite, mafic gar-
net granulite, greenschist facies basalt and horn-
blendite. These velocities and Poisson’s ratio also
agree with measurements on gabbro samples col-
lected in the area. The lower crust features little
differences in P wave velocities and Poisson’s ratio
for both transects and all tectonic zones.

[s1] The differences in the P wave velocities, the S
wave velocities and the Poisson’s ratio of the upper
and middle crust between the tectonic provinces are
also observed in multidisciplinary modeling studies
[Fernandez et al., 2004; Palomeras et al., 2011].
This supports the existence of different tectonic
blocks, that accordingly could correspond to dif-
ferent terranes with variable characteristics and
physical properties.

[s2] The average V,/V and, therefore, Poisson’s
ratio for the SW Iberia crust can be easily calculated.
In most of the shot gathers, the SmS phase can be
followed until 0 km where it intercepts the time axis
at~18 s twtt. The PmP phase intercepts the time axis
at 0 km offset at ~10 s twtt [Palomeras et al., 2009].
The depth of the Moho is fixed, therefore, 10V, =
18V;. The resulting average V,/V for the crust is
1.80 and the average Poisson’s ratio is as high as
0.277. This indicates that the crust has a low SiO,
content, i. €., it has a high content of mafic rocks.
Christensen and Mooney [1995] constructed a
40 km deep crustal petrologic model based on
a P wave velocity depth profile derived from a
worldwide compilation of 560 seismic studies. The
average V,/V; ratio estimated for this averaged
continental crust is 1.768 and the Poisson’s ratio is
0.265 [Christensen, 1996]. These values are lower
than those obtained for the crust of SW Iberia.

[s3] High Poisson’s ratio at midcrustal levels
together with the high P wave velocities at the same
depths indicate that the mafic content in the middle
crust is high, thus supporting the existence of intru-
sive mafic and ultramafic rocks of possible mantle
origin. This agrees with the high-temperature/low-
pressure metamorphism exhibited by midcrustal
rocks and the origin of the mineralization found in
the area [Casquet et al., 2001; Tornos et al., 2001;
Tornos and Casquet, 2005] being explained by a
thermal source (mantle-derived magma) interacting
with middle crustal rocks. It also agrees with former
interpretations derived from the IBERSEIS data
set [Simancas et al., 2003; Carbonell et al., 2004;
Palomeras et al., 2009].

[s4] At midcrustal levels, the normal incidence
profile IBERSEIS images the IRB as a prominent

high-amplitude reflective band [Simancas et al.,
2003; Carbonell et al., 2004]. These authors sug-
gest that, in order to account for the high reflectivity,
the IRB must be made up of layers of rocks with
variable seismic impedance, i.e., mafic, ultramafic
and maybe some felsic rocks. These lenses can
account for the high P wave velocities found at
midcrustal levels and for the coda found in the
seismic intracrustal phases [Palomeras et al., 2009;
Flecha et al., 2009]. Accordingly, the velocities and
Poisson’s ratios calculated in this work do not need
to be explained by a single lithology. The deter-
mined seismic velocities are more likely the average
of a mixture of rocks.

9. Conclusions

[ss] The close trace spacing wide-angle transects
acquired in SW Iberia within the IBERSEIS exper-
iment recorded high-amplitude S wave arrivals on
the vertical component seismic recorders. Although
only the first S wave arrivals (Sg), the Moho
reflection (SmS) and the converted Pm.S/SmP phases
can be correlated between shot gathers, the model-
ing strategy used allowed us to obtain two crustal
Vs models, one along each transect. The resulting
S wave velocity models show lateral differences
between tectonic zones especially at upper and
midcrustal depths thus supporting the existence
of different tectonic terranes before the Variscan
orogeny. At lower crustal levels smaller hetero-
geneities indicate the existence of syntectonic-
posttectonic processes that have homogenized
seismically the three zones. On average, the upper
crust features a gradient from 2.90 km/s to 3.50 km/s
within the SPZ, and from 3.10 km/s to 3.60 km/s
within the OMZ and CIZ. The middle crust, from 12
to 20-22 km depth, features higher S waves veloc-
ities (+0.10 km/s) in the areas where the high P wave
velocities are present. The lower crust features a S
wave velocity gradient from 3.85 km/s at 20-22 km
depth to 4.15 km/s at the Moho discontinuity.
Poisson’s ratio variations have been calculated from
the resulting ¥, and V, models. The resulting Pois-
son’s ratio for the crust also shows differences
between tectonic zones. The upper crust features
lower Poisson’s ratio within the OMZ and CIZ
than within the SPZ. At midcrustal depths, the areas
with high P wave velocities and moderate S wave
velocities feature high (more than 0.28) Poisson’s
ratio. These areas extend past the limit of the tectonic
zones indicating postcollisional intraorogenic intru-
sion of mantle derived rocks. The lower crust fea-
tures no lateral variations with a Poisson’s ratio of
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approximately 0.25. The average Poisson’s ratio
calculated for the whole crust in SW Iberia is higher
than the one estimated for the average continental
crust thus supporting the existence of a high content
in mafic rocks. These velocity and Poison’s ratio
models indicate that although different terranes
must have collided during the Variscan Orogeny, the
proposed Early Carboniferous magmatic event must
have affected the three tectonic zones. In the same
way, a positive gravity anomaly characterizes SW
Iberia, and mafic rocks are unusually frequent out-
crop. All these evidences are interpreted as mani-
festations of the proposed Early Carboniferous
magmatic event during the Variscan Orogeny. This
event was synorogenic, affecting SW Iberia after the
three collisional terranes shaping it (the SPZ, the
OMZ and the CIZ) were already stuck.
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