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Outline

Overview of SNAC

Some examples of tectonic models with
surface processes

Extensional environments.

Future direction: Code coupling
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SNAC: StGermaiN Analysis of Continua

Principle of virtual power
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SNAC

Explicit time integration
no need for non-linear iteration

Lagrangian description of motion
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SNAC

Dynamic relaxation for (quasi-)static solutions

Local damping
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Mass scaling for a large and stable At
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SNAC

Constitutive model: elasto-visco-plastic

M
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n =2 oo : Mohr-Coulomb plasticity.

o, =2 oo: Maxwell viscoelasticity.

n =n(T, 0): temperature-determined brittle-ductile
transition

o, = g, (€"): strain hardening/softening
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SNAC

MPI-Parallelized

Wall clock time
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Metal Side Walls

Motor drive
4 x 10 cm/sec

Moving End-wall
Moving End-wall

55-122cm

Moving Moving

Wall Wall
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| 4.0 cm EXTENSION

(McClay et al., 2002, AAPG Bulletin) a__en
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Plastic Strain

IJ?O

0.15

* 3D, parallel, Lagrangian, elasto-visco-
plastic
* Benchmarked and decently documented

* Open source:

http://www.geodynamics.org/cig/software/snac

or

http://csdms.colorado.edu/wiki/Model:SNAC
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Tectonic Modeling

Erosion in a convergent orogen
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(Willet, JGR, 1999)

Sedimentation in an extensional environment?
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Tectonic Modeling: Rifting Style

Extending Continental Crust

\ Extension with
Sedimentation

Extension without
Sedimentation

Sediments

Wide Rifting Narrow Rifting

(Bialas and Buck, Tectonics, 2009)
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Tectonic Modeling: Rifting Style

: . B.
(Bialas and Buck, Tectonics, 2009) No Sedimentation
A. time =2.5 m.y. Distance (km)
tlme = 0 m.y' -300 -150 0 150 300

L 1 | J

0

(km)

Depth (km)

Depth

Depth (k)

-10 -1
H =9x10 Wkg

Sedimentation Rate = 3 m kyr
Half Extension Rate = 2 cm yr'1
Plateau Thickness = 52 km
Plateau Width = 136 km 3
Sediment Density = 2400 kg m
Resolution =4 km
Sedimentation Style: Uniform
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Tectonic Modeling: Rifting Style

. . Uniform Sedimentation
(Bialas and Buck, Tectonics, 2009) :
time =2.5m.y. Distance (km)
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Tectonic Modeling: Rider Blocks

Plastic strain

Strain rate
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Tectonic Modeling: Rider Blocks

Break a new fault

Flex, rotate, lock up

52

Break a splay

ﬁ block
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Tectonic Modeling: Rider Blocks

Weak fault or no infill 2 No Rider Blocks

40° exhumed slip surface exhumed slip surface

e

~/

30°

30" N\g 40’ 40°
FW HW ,» »

new footwall
serpentinites

Rider blocks = Strong fault and sufficient infill

inactive “detachment” enhanced inactive “detachment”
rollover

new gabbros

(Reston and Ranero, G3, 2011)

CSDMS 2011 Meeting: Impact of time and process scales 18



Tectonic Modeling: Rider Blocks

42° 50'W 42° 40'W 42° 30'W 42° 20'W 42° _10'W 42° 00'W
Depth contours 500 m SRR ] £
30° 20'N dark>4 km; white<2 km 30° 20'N
Dredge hauls
B: basalt
G: gabbro
S: serpentinite
30° 10N 30° 10'N
30° 00'N 30° 00'N
Side-scan images
29° 50'N +29° 50'N

42° 50'W 42° 40'W 42° 30'W 42° 20'W 42° 10'W 42° 00'W
(Cann et al., Nature, 1997)
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Tectonic Modeling: Rider Blocks

Segment center:
Magma-rich

Corrygated

fault block

-

-
a
#

/ Segment ena:

£ 2k \
Magma-poor [ 24 mass Wasing

(Reston and Ranero, G3, 2011)
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Tectonic Modeling

"Sedimentation” is also important in tectonic
Drocesses.

n 2D settings, “sediments” transported
along the third dimension
as much as needed.

Some problems are inherently 3D.

Physically-based 3D coupling between tectonic
and surface process modeling desirable.
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Coupling with surface processes

On-going project by Phaedra Upton and Greg Tucker
FLAC3D + CHILD
60 x 60 x 10 km, 2 km in FLAC3D and 1 km in CHILD.

1 cm/yr
Free-slip BC
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Coupling with surface processes

< Highly Erodible Material > < Less Erodible Material >
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Coupling with surface processes

3D v v

Inelastic Deformation v v
Non-uniform BC v v
Coupling with CHILD v ?
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