112.710 Marine Geology and GeophysicsForces that Drive Plate MotionTurcotte and Schubert, Chapter 6Kennett, Chapter 5Fowler, Chapter 7Note that plate forces are sources of lithospheric stress.The Basic Question-Tectonic Stresses in Plates

What kinds of forces act on plates? -1 s-2 1 MPa=10 Pa 1 MPa = 10 bars Line forces I: Ridges

F gzdz

r m w h

= - � ( ) r r 0(1)r

r r a

= -^{( )} o v T 1 D

(2)

F gbT u

s m v o 1

1 2 2 2 =

�

Ł

�

� ł

�

r a

k l p

D

/

(3)=

F T u s os o o 2

1 2 2 2 =

�

Ł

�

� ł

�

D D g r r

k l p

/

(4)

D rosgD ros

-3

g

=4 MPa K

Fs 2Fs

3Boundary forces at zones of active continental collisions are not the same as those at

FDvD =-

(4)Transform Fault Forces (small)

4Global Stress or Plate Force Models

What about the contributions of other kinds of stresses?

s a�v TD

). All of these are small compared to the major plate forces.Theoretical IssuesModel Assumptions

5Conclusions about plate forces based on observations and modelsInterlude: Calculating Torques

axbij j i=

(5)

rbaxi i ij j= -

(6)and find the best fit by minimizing the square of the residual

axbal ik k i il=

(7)

6 The plates are not just passive players in the plate tectonics cycle. The negativebuoyancy of slabs helps drive the circulation pattern in a significant way.Without negative buoyancy of slabs Earth could have mantle convection but mightnot have plate tectonics (cf. Venus).Mantle ConvectionHow can we be certain that the mantle convects? Rayleigh number measures the relative importance of buoyancy forces (in thenumerator) that drive convection and viscous resistance forces (in thedenominator) that inhibit convection. The Rayleigh number can be expressed in

F a g b_= 4

3 3 p r D

.(7)

F V a a r_= � Ł � ł m p4 2

(8)

V ga=_{D r}^m_2^3

.(9)

D Dr ra= -^v T

.(10)

V Tgav= -_{r a}^m_{D 2}^3

.(11)

k ta c^{2 =}

(12)

vdt Tgav= =_{r a}^m_{D 2}^3

(13)

dgTaav= �Ł� �ł�16_3r a m k D

(14)

8 u m r= /

Ra g Td v = a k u

D

3

. (15)100-1000.

Ra g d Hd C v p = a k u k

3 2

(16)undeniably convecting.Observations of Earth�s Interior Relevant to Convection: Seismic Tomographyand Gravity

9