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Abstract. We present an up-to-date high resolution picture of the on-

going crustal deformation field of Iberian region, based on an extensive 

combination of permanent and non-permanent GPS observations car-

ried out since 1999. We detected appreciable deformation along the 

NW and SE margins of the Iberian Peninsula and along the Gibraltar 

arc, while on the inner parts of the peninsula, the crustal deformation 

occurs locally at rate < 15 nanostrain/year. 
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1 Introduction 

The geodynamic setting of the Iberian Peninsula and the surrounding regions in the 

Mediterranean and the Atlantic is the result of the NW-SE directed convergent proc-

ess between the Eurasian and African plates with simultaneous extension and forma-

tion of young oceanic basins in a back-arc setting due to the rapid roll-back of narrow 

slabs of subducting oceanic lithosphere [1]. One of these basins, the Alboran Sea is 

enclosed on three sides by the westernmost Alpine fold-and-thrust belt, the Betic 

Mountains to the N and NW and the Rif to W, SW and S. These mountain belts and 

the basin, together form the Gibraltar Orogenic arc, straddling the present-day Eura-

sia-Africa plate boundary (Fig. 1). 

The region is marked by the occurrence of shallow depth (h < 40 km; Fig. 1) 

earthquakes of moderate magnitude. Along the Algerian margin, seismicity occurs on 

regional-scale WSW-ENE-trended structures with prevailing thrust focal mechanism 

solutions. Along the orogenic Arc and the Alboran Sea, seismicity is distributed over 

a wide area and occurs also at intermediate depth. Intermediate depth seismicity is 

focused along a N-S trend across the Alboran Sea and dipping southward from 

crustal depths beneath the Western Betics to a depth of ~150 km beneath basin centre 



and occasionally deeper (~600 km) under the Central Betics. In the Rif, focal mecha-

nism solutions depict complex seismotectonics with a mixture of solutions including 

prevailing strike slip with subordinately reverse and few normal faulting solutions. In 

the Alboran Sea, crustal seismicity shows again prevailing strike-slip and subordi-

nately normal faulting solutions. In the Betics, faulting is also complex with tectonic 

regime varying from normal (Central) to reverse (Eastern Betics) faulting along the 

mountain belt. Other intermediate-depth seismicity occurs SSW off Iberia (Gulf of 

Cadiz) where faulting is characterized by reverse solutions. Limited clusters of 

crustal seismicity can be recognized in NW Iberia and along the Pyrenees where fo-

cal mechanisms show normal faulting features. 

 

 

Fig. 1. Simplified tectonic map of Iberia. Crustal seismicity (M≥2.0) in the studied area since 
2000 and focal mechanism solutions (since 1951, M≥3.0) are also reported. Focal mechanism 
solutions are colored according to rake (red for pure thrust faulting, blue for pure normal fault-
ing, and yellow for strike-slip faulting). 

2 GPS data processing, velocity and strain rate fields computation 

To study the crustal deformation pattern over Iberia region, we analyzed an extensive 

combination of GPS measurements carried out since 1999. In particular, we updated 

the results reported in [2] by extending the data processing up to the 2012.80 epoch 

and including into the processing additional data coming from networks developed 

mainly for mapping, engineering and cadastre purposes. GPS data were processed us-

ing GAMIT/GLOBK software [3, 4]. We estimated a consistent set of positions and 

velocities in an ITRF2008 frame [5] and in a fixed Eurasian reference frame [2]. 
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Fig. 2. a) GPS velocities and 2-σ associated errors in a fixed Eurasian plate: blue arrows for 
sites analyzed in this study and red arrows for those coming from published solutions. b) Geo-
detic strain-rate parameters: the color in background shows the magnitude of the maximum 
shear strain-rate, while arrows represent the greatest extensional (red) and contractional (blue) 
horizontal strain-rates. 

To improve the detail of the geodetic velocity field for the studied area, we also 

performed a rigorous integration of our solutions with the ones reported in [6], [7] 

and [8]. In particular, since our solutions and the published ones share several com-

mon stations, we aligned their velocities to our fixed Eurasian reference frame by ap-

plying a Helmert transformation, obtained by finding the transformation that mini-

mizes the RMS of differences between velocities of common sites. The average 

discrepancies are small, and the RMS for the 7-9 common stations is less than 0.4 

mm/yr. The resulting velocity field, aligned to the Eurasian fixed reference frame is 

reported in Fig. 2a. In addition, by taking into account the observed GPS horizontal 

velocity field and associated covariance information we derived a continuous veloc-

ity gradient tensor on a regular 0.35° x 0.35° grid using a “spline in tension” tech-

nique [9]. The velocity field was interpolated by removing from the computation all 

sites with fewer than 2.5 years of data and/or because of their suspicious movements 

with respect to nearby sites. As a final step, we computed the average 2D strain-rate 

tensor as derivative of the velocities at the nodes of each grid cell. The estimated 

strain-rates are shown in Fig. 2b.  

3 Discussion and Conclusion 

Geodetic data reveals that significant deformation occurs prevailing along the NW 

and SE margins of the Iberian Peninsula and along the Gibraltar arc, while on the in-

ner parts of the peninsula, the crustal deformation occurs locally at rate < 15 

nanostrain/year. Along the NW margin, geodetic data evidences an E-W oriented 

contraction up to 55 nanostrain/year while along the SE margin a prevailing NNW-

SSE-oriented contraction up to 30 nanostrain/year can be recognized. Along the Gi-

braltar arc, ~2-5 mm/year WSW motion can be detected. In particular, Al-Hoceima 



region shows a E-W-oriented elongation up to 90 nanostrain/year passing to a ca. E-

W-oriented shortening of about -50 nanostrain/year in the Rif. The Alboran domain 

is characterized by elongation strain-rate axes WSW-ENE oriented coupled with 

shortening strain-rate axes, having the same magnitude (~25-40 nanostrain/year). 

In conclusion, although on large areas of Iberia, the crustal deformation pattern is 

currently sampled or by few geodetic observations or by measurements hampered by 

large uncertainties (due to the short observation period), the observed framework is 

in good agreement with geological and seismological observations. The deployment 

of permanent GPS stations in the region will provide in the next years a better resolu-

tion of the crustal deformation pattern, providing new contributions to understanding 

the pattern of active deformation in this area exposed to a relevant seismic hazard. 
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