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Part I
Introduction of ASPECT
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Part II
Discontinuous Galerkin method with a bound 
preserving limiter method for the Advection of 

non-Diffusive Fields in Solid Earth 
Geodynamics



�r · (2⌘(C)✏(u)) +rp = ⇢(C)g, (1)

r · u = 0, (2)

@C

@t
+ u ·rC = 0, (3)
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Mathematical Modeling      

⌘(C) viscosity and ⇢(C) density

u, p and C are variables of velocity, pressure and composition

(1)+(2) Incompressible Stokes equation

(3) advection/convection equation

The unique solution C(x, t) satisfies 0  C(x, t)  1 for any 0  x  1 if

given that the initial condition satisfies 0  C0(x)  1.

Overshoot C(x, t) > 1; Undershoot C(x, t) < 0;



DG-FEM      v.s.         CG-FEM

DG-FEM & CG-FEM 
Galerkin approach: weak formulation

Element based piece-wise polynomial basis
Need to solve structured sparse matrix system

DG-FEM Double the number of degrees of freedom along the interfaces.

The DG-FEM solution is discontinuous between elements.

The stability of DG-FEM is enforced through the flux choice.
All operators of the DG-FEM are local.
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Overshoot/Undershoot
DG-FEM: bound preserving limiter. 

The limiter is a local post-processing procedure.

The framework is based on 
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Numerical experiments



Numerical experiments



Test example: sinking hard box problem  
          T. V. Gerya, D. A. Yuen 2003

⌘0 = 1021Pa · s
⌘1 = ⌘0
⌘1 = 10⌘0
⌘1 = 100⌘0

⌘1/⌘0 = 1

⌘1/⌘0 = 10

⌘1/⌘0 = 1

⌘1/⌘0 = 1

⌘1/⌘0 = 1

⌘0 = 1021Pa · s
⌘1 = ⌘0
⌘1 = 10⌘0
⌘1 = 100⌘0

⌘0 = 1021Pa · s
⌘1 = ⌘0
⌘1 = 10⌘0
⌘1 = 100⌘0

Markers’ position only
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Conclusion

• Introduced ASPECT. Need more help? Subscribe 
ASPECT mailing list and ask questions. 

• Developed a stable, accurate, and efficient method for 
compositional field advection equation: LDG+bound 
preserving limiter. 

• Numerical results demonstrated that the proposed 
numerical method reduces the #cells and #DoFs 
significantly when AMR is used.



Thank you!


