
Accepted Manuscript

Active and fossil mantle flows in the western Alpine region
unravelled by seismic anisotropy analysis and high-resolution P
wave tomography

Simone Salimbeni, Marco G. Malusà, Liang Zhao, Stéphane
Guillot, Silvia Pondrelli, Lucia Margheriti, Anne Paul, Stefano
Solarino, Coralie Aubert, Thierry Dumont, Stéphane Schwartz,
Qingchen Wang, Xiaobing Xu, Tianyu Zheng, Rixiang Zhu

PII: S0040-1951(18)30099-4
DOI: doi:10.1016/j.tecto.2018.03.002
Reference: TECTO 127792

To appear in: Tectonophysics

Received date: 28 September 2017
Revised date: 16 January 2018
Accepted date: 7 March 2018

Please cite this article as: Simone Salimbeni, Marco G. Malusà, Liang Zhao, Stéphane
Guillot, Silvia Pondrelli, Lucia Margheriti, Anne Paul, Stefano Solarino, Coralie Aubert,
Thierry Dumont, Stéphane Schwartz, Qingchen Wang, Xiaobing Xu, Tianyu Zheng,
Rixiang Zhu , Active and fossil mantle flows in the western Alpine region unravelled
by seismic anisotropy analysis and high-resolution P wave tomography. The address
for the corresponding author was captured as affiliation for all authors. Please check if
appropriate. Tecto(2017), doi:10.1016/j.tecto.2018.03.002

This is a PDF file of an unedited manuscript that has been accepted for publication. As
a service to our customers we are providing this early version of the manuscript. The
manuscript will undergo copyediting, typesetting, and review of the resulting proof before
it is published in its final form. Please note that during the production process errors may
be discovered which could affect the content, and all legal disclaimers that apply to the
journal pertain.

https://doi.org/10.1016/j.tecto.2018.03.002
https://doi.org/10.1016/j.tecto.2018.03.002


AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

 

1 

Active and fossil mantle flows in the western Alpine region 

unravelled by seismic anisotropy analysis and high-resolution P 

wave tomography  

Simone Salimbeni
1*

, Marco G. Malusà
2*

, Liang Zhao
3,4

, Stéphane Guillot
5
, Silvia Pondrelli

1
, 

Lucia Margheriti
6
, Anne Paul

5
, Stefano Solarino

7
, Coralie Aubert

5
, Thierry Dumont

5
, 

Stéphane Schwartz
5
, Qingchen Wang

3
, Xiaobing Xu

3
, Tianyu Zheng

3
, Rixiang Zhu

3
 

1
 Istituto Nazionale di Geofisica e Vulcanologia, Sez. Bologna, Bologna, Italy 

2
 Department of Earth and Environmental Sciences, University of Milano-Bicocca, Milan, Italy  

3
 State Key Laboratory of Lithospheric Evolution, Institute of Geology and Geophysics, Chinese Academy of 

Sciences, Beijing, China   
4
 CAS Center for Excellence in Tibetan Plateau Earth Sciences, Beijing, China  

5
 Univ. Grenoble Alpes, Univ. Savoie Mont Blanc, CNRS, IRD, IFSTTAR, ISTerre, 38000 Grenoble, France 

6
 Istituto Nazionale di Geofisica e Vulcanologia, Centro Nazionale Terremoti, Rome, Italy 

7
 Istituto Nazionale di Geofisica e Vulcanologia, Centro Nazionale Terremoti, c/o DICCA University of Genoa, Genoa, Italy 

*Authors for correspondence: M.G. Malusà and S. Salimbeni (marco.malusa@unimib.it; simone.salimbeni@ingv.it) 

Abstract. 

The anisotropy of seismic velocities in the mantle, when integrated with high-resolution 

tomographic models and geologic information, can be used to detect active mantle flows in 

complex plate boundary areas, providing new insights on the impact of mantle processes on 

the topography of mountain belts. Here we use a densely spaced array of temporary 

broadband seismic stations to analyze the seismic anisotropy pattern of the western Alpine 

region, at the boundary between the Alpine and Apenninic slabs. Our results are supportive of 

a polyphase development of anisotropic mantle fabrics, possibly starting from the Jurassic to 

present. Geophysical data presented in this work, and geologic evidence taken from the 

literature, indicate that: (i) fossil fabrics formed during Tethyan rifting may be still preserved 

within the Alpine and Apenninic slabs; (ii) mantle deformation during Apenninic slab 

rollback is not compensated by a complete toroidal flow around the northern tip of the 

retreating slab; (iii) the previously observed continuous trend of anisotropy fast axes near-

parallel to the western Alpine arc is confirmed. We observe that this arc-parallel trend of fast 

axes is located in correspondence to a low velocity anomaly in the European upper mantle, 

beneath regions of the Western and Ligurian Alps showing the highest uplift rates. We 

propose that the progressive rollback of the Apenninic slab, in the absence of a 

counterclockwise toroidal flow at its northern tip, induced a suction effect at the scale of the 

supraslab mantle. The resulting mantle flow pattern was characterized by an asthenospheric 

counterflow at the rear of the unbroken Western Alps slab and around its southern tip, and by 
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