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Fig. 1 The P-wave velocity disturbance images around China( from Li Chang et al. , 2006) : (a) at depth of 200 km;
(b) 300 km; (c) 400 km; (d) 600 km
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Blue shows high-velocity blocks with numbering from letter “F” ; yellow shows low-velocity blocks with numbering from letter “S”
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Fig. 2 The mass movement modes in the shallow mantle system ( modified from James, 1989; Jolivet and Hataf, 2001 ; Rogers,

2004 et al. ): (a) discrepancy in horizontal movement and causing extension; (b) discrepancy in horizontal movement and

emerging basins; (c¢) discrepancy in horizontal movement and emerging nappes; (d) discrepancy in vertical upwelling and

causing extension; (e) discrepancy in dipping upwelling and emerging nappes; (f) discrepancy in vertical depression emerging

nappes
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Fig. 3 Top melting and mass movement in the oceanic asthenosphere studied by fluid geochemistry(from Liu Jia et al. , 2020)
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Fig. 4 The mass uprising modes in the shallow mantle system (from Yang Weicai, 2010&): (a) the S-wave velocity and
upwelling model of the oceanic ridge; (b) the seismic velocity and upwelling model of the East Africa rift; (c) the difference

between the asthenosphere upsurge, upwelling and diapir
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Fig. 5 Crustal and upper-mantle resistivity disturbance profiles around North China (based on writers’ data) : (a) N—S profile
of longitude 111°E; (b) 110°E;(c) W—E profile of latitude 42°N, and (d) 43°N
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Fig. 6 Two P-wave velocity disturbance profiles in East China(from Huang et al. ,2006) .
(a) a EW profile across North China, and (b) across South China along latitude 30°N
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Fig. 7 The mass delamination modes in the shallow mantle system( from Jolivet and Hataf, 2001 ;Rogers, 2004; Liu Jia et al. ,

2020) : (a) craton gravitational instability, causing delamination of lithospheric mantle; (b) gravitational instability in collisional

orogeny, causing delamination of lithospheric mantle; (c¢) the delamination processes of the collisional orogeny, from the

subduction of oceanic plate to change of the asthenosphere structures
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Fig. 8 The mass movement in the shallow mantle system and subduction along the Mariana Trench ( modified from the base map

presented by Prof. G. A. Davis): (a) the plate distribution in 60 Ma; (b) gravitational instability along the Mariana Trench in

60 Ma; (c) the subduction of oceanic plate caused by the gravitational instability and lithospheric mass motion
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Fig. 9 The P-wave velocity disturbance images around Qinghai—Xizang( Tibet) Plateau( Yang Wencai et al. ,
2019a&,c&) : (a) at depth of 270 km;
(b) 390 km; (c) 470 km; (d) profile along longitude 92°E
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“Is” marks the current position of the Indian Craton subducting plate, and “Ts” marks the current position of

the Tethys Ocean subducting plate. Blue is high wave velocity region, red is low wave velocity region
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Fig. 10 The globe P-wave velocity disturbance images with interpretation [ (a)—(c¢) from Simmons et al. , 2012; (d) from Deng
Jingfu et al. ,2000&, 2004#) |; (a) at depth of 185 km; (b) 265 km; (c) 355 km; (d) a model on mass movement in the

shallow mantle system around Southeast China
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On dynamic processes of the shallow-mantle system

YANG Wencai
School of Geosciences, Zhejiang University, Hangzhou, 310027

Abstract: In recent years, the geophysical 3D imaging of the mantle has provided a great deal of data and
information of deep structures and of the underground material motion, promoting the cognition of the characteristics
and dynamics of the shallow mantle system. According to the direction of motion, the material movement in the
shallow mantle system can be divided into three main forms: horizontal motion, upwelling and sinking motions. The
energy that causes the downward movement of matter in the shallow mantle system is caused by the potential energy
generated by the earth’s gravity, and the motion in other directions is mainly caused by deep heat and kinetic
energy. In addition to the power sources, the direction of the material motion of the shallow mantle system also
depends on the material properties of the lithosphere and the asthenosphere, as the high viscosity rocks resist the
movement of the material and the low viscosity medium accelerates the movement of the material. The horizontal
creep difference of asthenosphere mass produces complex structures such as stretching, underplating and nappe in
the lithosphere, and the creeping of asthenosphere material with greater velocity and kinetic energy will certainly
drive the movement and deformation of the lithosphere plates. The uprising of the asthenosphere can be further
subdivided into three ways, the upsurge motion, the upper welling movement and the diapir motion, which have
different effects on the upper lithosphere. The material sinking movement of the shallow mantle system takes many
forms, including subduction, delamination and metasomatosis, and is often accompanied with the upwelling of the
asthenosphere. These mass movements causes the delamination of the craton crust and the land roots of the
lithosphere. Large-scale material movements in the asthenosphere, including upwelling of matter in the mid-ocean

ridge, collisions of continents, and pre-land pull-ups of ocean subduction, are clearly reflected in the global
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seismic tomography maps. The southeast coast of China is a special area of the material movement of the shallow

mantle system, which may be caused by the subduction of the Izonaqi plate in the Cretaceous period, which

stimulates the asthenosphere upsurge motion along coast zone of the East Asian continent, and then causes a series

of dynamic effects such as magma intrusion and delamination of the lithosphere.

Keywords: continental dynamics; shallow mantle system; geophysical 3D images; mass horizontal motion;

upwelling
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