
Abstract: It has long been recognized that the formation and 
evolution of large geological features observed on the Earth’s 
surface, such as volcanic provinces, rifted valleys, and linear 
mountain chains, are closely related to dynamic processes in the 
crust and mantle. Structural seismology, which is a branch of 
seismology  aiming  at  imaging  the  velocity,  anisotropy, 
attenuation, and layered structures of the Earth’s interior using 
elastic waves produced by earthquakes, is the most effective 
approach for delineating such processes. Our recent and ongoing 
studies  using  structural  seismological  techniques  including 
receiver function stacking, shear wave splitting analysis, and 
seismic tomography in various parts of the world have revealed 
new and  refined  previously-recognized  connections  between 
surface geological features and crustal and mantle structures. 
Results from these investigations indicate that 1) the initiation 
and early-stage development of continental rifts in Africa are 
controlled by differential basal drag applied to the bottom of 
the continental lithosphere, along margins of thick lithospheric 
blocks  (Yu et  al.,  2015;  Reed  et  al.,  2017);  2)  enhanced 
volcanic activities in the Indochina Peninsula, Sumatra, and 
Alaska  are  closely  related  to  advective  thermal  upwelling 
through gaps in the subducted oceanic slab (Yu et al., 2017; 
Dahm et al., 2017; and ongoing research by Kong et al.); 3) 
hypothesized mantle plumes in North America and Africa are 
most likely limited in the upper mantle (Gao and Liu, 2014; 
Sun  et  al.,  2017;  Reed  et  al.,  2016);  4)  intracontinental 
volcanisms observed beneath Northeast Asia are associated 
with areas with stagnant oceanic slabs in the mantle transition 
zone which is bordered by the 410 and 660 km discontinuities 
(ongoing research by M. Sun et al.); and 5) there is a toroidal 
mantle flow system induced by slab subduction and rollback 
beneath the eastern Himalayan syntaxis recently revealed by a 
systematic analysis of shear wave splitting parameters (ongoing 
research by L. Liu et al.). Results from these and other structural 
seismological studies play an essential role for improving our 
understanding of large geological features observed on or near 

the  surface  of  the  Earth,  and  are  important  for  mineral 
exploration and natural hazard mitigation.  
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