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Step 1) Modify CFM surfaces to improve aspect ratio of 
triangles and refine them to a desired edge length scale (L)
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Step 2) Build background mesh and refine based on 
proximity to fault surfaces

• Build Hex mesh

• Build or import fault surface

• Compute distance field
• compute / distance_field / mo1 / 
mo2 / dfield 
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Step 2) Build background mesh and refine based on 
proximity to fault surfaces

• Octree refine based on distance field 
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Remove elements from the 3D mesh within distance L 
of the fault surfaces
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Remove elements from the 3D mesh within distance L 
of the fault surfaces

Find where elements in hex mesh are intersected by fault mesh
intersect_elements / mo_hex / mo_tri / in_flt 
Make an element set of intersected elements 
eltset / e_in_flt / in_flt / gt / 0 
Remove all elements that are members of the element set 
rmpoint / element / eltset get e_in_flt 
Compress data structure
rmpoint / compress 
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Connect nodes to form a Delaunay tetrahedral mesh 
that conforms to the fault surfaces
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 Improve mesh quality with a combination of smoothing (node 
movement), reconnections, refinement and derefinement
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 Compute attributes necessary for setup, initial and 
boundary conditions
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 Compute attributes necessary for setup, initial and 
boundary conditions

compute / distance_field / mo_tet / mo_fault / dfield 
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 Compute attributes necessary for setup, initial and 
boundary conditions

compute / distance_field / mo_tet / mo_fault / dfield 

pset / pflt / attribute / dfield / 1 0 0 / 1.0 / lt 
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 Compute attributes necessary for setup, initial and 
boundary conditions

compute / distance_field / mo_tet / mo_fault / dfield 

pset / pflt / attribute / dfield / 1 0 0 / 1.0 / lt 

cmo/addatt/ mo_fault / synth_normal_area 
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 Compute attributes necessary for setup, initial and 
boundary conditions

compute / distance_field / mo_tet / mo_fault / dfield 

pset / pflt / attribute / dfield / 1 0 0 / 1.0 / lt 

cmo/addatt/ mo_fault / synth_normal_area 
or 
cmo/addatt/ mo_fault / synth_normal_angle 
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 Compute attributes necessary for setup, initial and 
boundary conditions

compute / distance_field / mo_tet / mo_fault / dfield 

pset / pflt / attribute / dfield / 1 0 0 / 1.0 / lt 

cmo/addatt/ mo_fault / synth_normal_area 
or 
cmo/addatt/ mo_fault / synth_normal_angle 

interpolate / voronoi / mo_tet / x_norm / pset get pflt / 
mo_fault / x_n_norm / keepatt 
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 Compute attributes necessary for setup, initial and 
boundary conditions

compute / distance_field / mo_tet / mo_fault / dfield 

pset / pflt / attribute / dfield / 1 0 0 / 1.0 / lt 

cmo/addatt/ mo_fault / synth_normal_area 
or 
cmo/addatt/ mo_fault / synth_normal_angle 

interpolate / voronoi / mo_tet / x_norm / pset get pflt / 
mo_fault / x_n_norm / keepatt 

interpolate / voronoi / mo_tet / y_norm / pset get pflt / 
mo_fault / y_n_norm / keepatt 

interpolate / voronoi / mo_tet / z_norm / pset get pflt / 
mo_fault / z_n_norm 
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 Why does this method work?

How to connect a point distribution?
There are many bad possibilities.

The Delaunay triangulation is a good option due to 
properties such as being the one which maximizes 
the minimum angle.
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 Why does this method work?

Delaunay Triangles (tetrahedra): 
The circumscribed circle (sphere) of any tri 
(tet) contains the 3 (4) points of the tri (tet) 
and no other points. 
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 Why does this method work?

2D
The minimum diameter circle 
of every edge on the bound-
ary is point-free.

3D
The minimum diameter sphere of 
every triangle on the boundary 
(fault) is point-free.

Sufficient but not necessary condition for Conforming Delaunay

Murphy, M, D Mount, CW Gable, “A point-placement Strategy for 
conforming Delaunay tetrahedralization”, J. Computational Geometry 2001
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 Why does this method work?

Murphy, M, D Mount, CW Gable, “A point-placement Strategy for 
conforming Delaunay tetrahedralization”, J. Computational Geometry 2001

Conforming Delaunay Tetrahedralizations

Lemma: A triangular face f of a triangulated surface with 
vertex set V is a face in the Delaunay tetrahedralization of V 
if and only if there exists a sphere passing through the verti-
cies of f containing no points of V in its interior.
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Conform top of mesh to a DEM
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Meshing Faults from Meade/Hager Model



http://meshing.lanl.gov/proj

Meshing Faults from Meade/Hager Model
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Other Examples for Crustal Deformation

http://meshing.lanl.gov/proj.html

http://meshing.lanl.gov/proj/crustal_dynamics_CFEM/
LaGriT_Mesh_Generation_Demos_CFEM.html
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