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Multiagent proposition

We aim at simulating time-dependent tectonics 
coupled with mantle convection over a variety 
of timescales.

We develop a new approach based on 
multiagent systems that accounts for both 
analytical and empirical laws to examine the 
impact of evolutive plate boundaries on the 
geometrical and thermal evolution of the Earth.
The number of plates is not fixed in our 
simulations, and any additional process 
(analytical or empirical) can be easily 
incorporated into the model.  
 

 

Autonomous entities
 
Agents are autonomous entities that collect 
information from their environment to make 
a decision controlled by behavior laws. The 
thermal and mechanical interaction of these 
agents allows us to simulate a dynamical 
complex system by superimposition of 
various phenomena. Our approach has been 
previously applied to molecular dynamics 
(Combes et al. 2010).

Mantle cooling and tectonics

Earth's thermal history has long been studied 
with monotonous laws (Davies 1980, Labrosse 
and Jaupart 2007) but short-term mechanisms 
were demonstrated to influence the global 
heat balance on Earth : Becker et al. 2009 
showed that the heat flux decreased by ~25% 
over 100 Myr during the Cenozoic because of 
plate tectonics. Hence, short timescales 
cannot be neglected to investigate mantle 
cooling mechanisms. 

Our agents are convection cells, 
lithospheric plates, plate interfaces 
(subduction zones and ridges), and  
insulating continents that define the 
continental sections of the plates.
Such multiagent simulations aim at 
experimenting physical models : any 
user can test hypotheses and 
investigate underlying mechanisms. 

Force balance

Plate velocities are based upon 
a force balance (Pr~10^25):

- Ridge push = α.κ.g.ρ.Tm.τ
 
- Slab pull = ∆ρ.g.H(τ).Z 

- Bending = -2/3ηpl.U.(H/Rmin)^3

- Slab resistance = -2ηum.U.Z/d   

- Mantle drag = -2ηm.U.L/d

- Slab suction = 2ηm.Vs.(Z-D)/d 

Empirical laws
  
- Limited plate thickening :       H(τ) < Hmax(Tm)

- Spontaneous plate sinking :   subduction initiation at 180 Myr (today)

- Plate suturing : continental collision, subduction of a ridge, back-arc basin creation.

- Subduction zone kinematics : 
    updating  Vs = Vo ηo/η(Tm) 

Thermal behavior
 
- Half-space cooling model :                                                 and               
  (Turcotte and Schubert 2002)           
 
- Temperature-dependent viscosity :    
  (Karato and Wu 1993)

- Global heat balance :                       

Continental breakup and oceanization
Shallow advecting layers (a;h) are warmed beneath 
insulating supercontinents, implying :
    - local heat balance 
    - mass conservation
    - momentum conservation

Snapshot from Combes et al., 2010

Data from Labrosse and Jaupart, 2007.

Data from Loyd et al., 2007.

Figure from Lallemand et al., 2008.

+ Newtonian threshold stress Flim.

- Alternation dynamics / structure update

- 3 Gyr simulated in 12 minutes

- Flexibility through options :
                 - temperature-dependent viscosity
                 - back-arc basin existence
                 - slab suction existence
                 - oceanization parameters

Viscosity laws and continental cycles

h = 350 km

Mimicking current Earth's tectonics
Computed plate velocities (cm/yr) Average velocities in NNR
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