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A preliminary study on whole mantle convection stress
in consideration of lateral viscosity variation

Zhu Tao*

(Institute o f Geophysics, China Earthquake Administration . Beijing 100081, China)

Abstract: Converting the seismic wave velocity anomalies into lateral viscosity
variation (up to 3 orders) in the mantle, we obtained the poloidal and toroidal
convection stress field at the bottom of lithosphere in spherical coordinates. In
the computation, Rayleigh number is taken to be 10°, and the top and bottom
boundary are set to be rigid and free-slip isothermal, respectively. The result
suggests that the poloidal convection stress field has a good correspondence with
surface large-scale tectonics: The stress at subduction and collision zones is in
compression state, and the stress at oceanic ridges takes on extension state.
The toroidal convection stress field shows opposite rotation in southern and
northern hemisphere: the northern one rotates clockwise while the southern one
rotates counterclockwise. On the whole, the stress values in northern hemi-
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sphere are larger than those in southern one, especially in the low-latitude zone
around the equator. These results indicate that mantle convection is a possible
important factor to affect the distribution and state of large-scale stress field in
the lithosphere.
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Fig. 1 Relation of poloidal convection velocity (a) and stress (b) field at
bottom of lithosphere with surface tectonic motions
In Fig (a), minimum velocity 0. 32 cm/a and maximum velocity 18. 58 cm/a; In Fig (b), maximum
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Fig. 2 Directions of observed maximum horizontal principle

stresses in the lithosphere (Bird. Li, 1996)
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Fig. 3 Velocities of surface plate motions via HS2-NUVEL1
model proposed by Gripp and Gordon (1990)
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B 5 43 I i BE S5 28 43 A (Forte, Peltier, 1987)
LR 28 R T 00 30 I S R CRII R BHAE FR) , LSRR RN IERY M I (L . ZEL kN
30X 1077 rad/a, M A MEBESE THRAEE X107 rad/a

Fig. 5 Contours of radial vorticity (Forte, Peltier. 1987)

Thick dash lines represent contours of negative radial vorticity (clockwise rotation), thick solid lines
denote contours of positive radial vorticity (counterclockwise rotation). Isoline interval is 30X 1077 rad/a,
and the value of each contour is equal to its scale value multiplied by 10~ rad/a
(Runcorn, 1964, 1967; Liu, 1980a, b, 1981, 1985; I, MAH, 1982; Fu, 1986; %
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