Forces acting on tectonic plates:  Is inertia or momentum important?
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Forces acting on a plate

Is inertia or momentum important?
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Mass       

200,000 tons
3000 kg/m3 x 100 x 1000 x 1000 km


m

= 2 x 108 kg



 = 3 x 1020 kg

Velocity    
16 knots = 30 km/hour


3 cm/yr


 v

=  8 m/s



= 1 x 10-9 m/s

Momentum    
1.6 x 109 kg m/s


3 x 1011  kg m/s

            mv






= 200 tankers

Kinetic energy   
6.4 x 109 kg m2/s2


1.5 x 102 kg m2/s2

½ mv2
  = 4 x 106  plates


= 2.3 x 10-7 tankers

Momentum of a plate is larger than a supertanker, but kinetic energy is far less.  Work or damage, like mountain building or running into a dock, that can be done by collision with an object is proportional to kinetic energy.

Conclusions:  Inertia is negligible.  A moving plate can easily be stopped.

Implication:  Forces must balance or plates will accelerate rapidly.

Fluid dynamicists describe the importance of different terms in a convecting fluid using dimensionless numbers.  The ratio of inertial terms to viscous terms is described by the Reynolds number R = Lv/where L is a characteristic length scale, v is velocity, and  is the kinematic viscosity.  Typical values in the earth's mantle are ~ 10-18, indicating inertial terms can be completely neglected.

