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Abstract Being the most likely cause of Large Igneous Provinces (LIPs), the study of plume has
become a hot spot in earth sciences. In this paper, we perform numerical simulation of the
process of plume-lithosphere interactions, and then analyze the effects of the crust’'s rheological
structure on this process. On the basis of mass, momentum and energy conservation equations,
using finite element numerical method, we can obtain the temporal and spacial diagrams of the
plume-lithosphere interactions. Based on non-Newtonian fluid approximation, making use of
finite-element code “Ellipsis3D”, we firstly perform numerical simulation of the process of plume-
lithosphere interactions. Secondly, with different models the effects of the crust’s rheological
structure on this process are analyzed emphatically. Finally, the process of plume-lithosphere

interactions in Emeishan Large Igneous Province (ELIP) is discussed.
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From the results of the numerical simulations, there are three stages in the process of the
plume-lithosphere interactions, At the first stage, the plume ascends with the velocity of 2. 75 m » a™'
during the first 0. 2 Ma, and the surface topography on the top of plume begins to uplift; at the
second stage, the plume ascends with the velocity of 0. 83 m « a~' during 0. 2 Ma to 0. 26 Ma, and
the surface topography reaches the peak value; At last stage, after 0. 26 Ma the plume begins to

" and the bottom of lithosphere begins shear

move horizontally with the velocity of 0. 47 m « a~
deformation, and when shear deformation reaches a certain degree, the bottom of lithosphere
begins to perform delamination. The rheological strength of the crust deeply influences the
process of plume-lithosphere interactions. When the rheological strength of the lower crust is
weaker, the upper crust’s rheological structure controls the degree of the uplift of surface
topography. Otherwise, the rheological strength of the lower crust controls the degree of the
subsidence of the both sides of the plume. In addition, the simulated results of Emeishan Large
Igneous Province (ELIP) are in accordance with the previous results. The simulation results in
this paper reflect the process of plume-lithosphere interactions and the effects of the crust’'s
rheological structure on this process better and more clearly. Because of the faults are widely

distributed in Emeishan Large Igneous Province (ELIP), which are not considered in this paper,

the further research looks forward to take the faults in to account.
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Table 2 The physical parameters of different layers in the numerical modeling
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Fig. 2

The interaction of plume and lithosphere for model B

The first column: temperature and velocity fields; the second column: phase fields—cyan represents lithosphere including 45 km thick

crust, grayish-green represents upper mantle, red represents plume; the third column: effective viscosity; the fourth column:

surface topography. Bottom to up (a—d): the interaction variation of plume and lithosphere over time.
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Fig.4 The delamination of the lithosphere for model B

The first column: temperature and velocity fields; the second column: phase fields—cyan represents lithosphere including 45 km thick

crust, grayish-green represents upper mantle, red represents plume; the third column: effective viscosity. Bottom to up (a—d): the

delamination variation over time.
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