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Plate Motions in the World
Tetsuzo SENO"

Abstract

0O O Plate motions provide the most basic information on plate tectonics. I explain how to de-

scribe plate motions on the Earth mathematically, and how they can be determined. I review the

history of the determination of global plate motions, the most recent of which has been derived

by space geodetic techniques.

Key words[] Euler's theorem, relative plate motion, absolute plate motion, finite rotation,

instantaneous rotation, stage poles, Euler vector, space geodetic technique.
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Fig. 1 Euler's theorem states that there is a unique

rotation that can shift plate A to plate A'.
Let x' be a point on plate A', corresponding to point x
on plate A. Similarly, let y' be a point on plate A', cor-
responding to point y on plate A. Draw a great circle
Gx from the mid-point on the great circle connecting
x and x'. Draw a great circle Gy from the mid-point
on a great circle connecting y and y'. The intersection
point of Gx and Gy gives pole P. The angle between
the great circles Px and Px' gives the angle of rota-
tion 0.
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Hawali

Fig. 2 Two hotspot traces are drawn on the Earth's

surface.
The same procedure used to obtain P and 0 in Fig.
1 can be applied to the two points x and x' on one
hotspot trace, and y and y' on another hotspot trace
[0 modified from Harada and Hamamo, 2000[1
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0 100000000000000000000000000Engebretson et al., 1985011

Table 1 Reconstruction of major continents with respect to hotspots] Engebretson et al., 198501

Stage Poles Total Reconstructions
Age Lat Long Angle Lat Long Angle
0 MalO °N °E 0 DegO °N °E 0 DegO
AFRICAL AF-AHSO
5 050 143 1.3 050 143 1.3
9 050 143 1.1 050 143 2.4
17 050 143 2.1 050 143 4.5
37 043 132 5.3 046 137 9.8
48 046 137 29 046 137 12.7
85 021 108 10.6 035 123 22.3
119 g2 149 114 026 135 31.8
145 0 116 2.6 024 134 34.1
180 32 359 19.8 0 109 22.7
NORTH AMERICAU NA-AF-AHSO
5 35 122 5 35 122 5
9 35 121 4 35 122 9
17 34 119 .8 35 120 1.8
37 32 104 3.0 33 110 4.7
48 51 115 3.3 40 112 7.9
66 46 91 79 44 102 15.6
85 41 59 6.0 46 90 21.0
119 55 21 19.3 59 63 374
127 40 41 2.2 59 61 39.4
145 43 52 3.5 58 59 42.8
161 41 6 13.7 59 42 54.4
180 40 7 214 58 25 73.8
EURASIAL EU-NA-AF-AHSO
5 085 70 7 085 70 7
9 083 66 5 085 68 1.2
17 084 67 1.1 084 67 2.3
37 062 77 2.6 g72 76 4.9
48 42 10 3.0 040 38 4.1
53 36 9 2.8 010 27 5.3
66 08 104 4.9 013 64 8.0
85 030 88 5.6 021 73 13.2
95 15 51 2.5 015 70 15.2
119 55 21 13.6 21 58 21.8
127 40 41 2.2 23 57 23.8
145 43 52 3.5 26 57 27.2
161 41 6 13.7 36 45 38.2
180 40 7 214 42 33 57.7
SOUTH AMERICAQ SA-AF-AHSO

5 76 320 5 76 320 5
9 77 322 4 76 321 9
17 76 325 .8 76 322 1.8
37 70 47 2.6 76 21 4.3
48 77 60 2.2 77 34 6.5
85 53 58 12.6 61 52 18.6
119 22 347 11.2 54 13 26.2
135 3 360 3.5 49 9 28.4
145 0 116 1.0 49 12 28.2
180 32 359 19.8 43 3 47.3

AFRICA: 0000, NORTHAMERICA: 00, EURASIA:0000 0O, SOUTH AMERICA: O O
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Fig. 3 Reconstruction of velocities and positions of plates in the Pacific region at 65 Mal]l Engebretson et

al., 198501

PA: Pacific plate, KU: Kula plate, FA: Farallon plate, NA: North American plate, EU: Eurasian plate, SA:

South American plate.
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0 0 O bODifferentiation of 6 by time t gives angular velocity w.
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Fig. 5 P: pole of rotation, O: center of the Earth, ooooo, opODOODOOODOOODOO0O0
and x: position vector of an arbitrary surface D00D0wdOO00DDwooo0ooooooo
point. A is the angle between OP and x, and
L is the arm length of position x to OP. R is noooooooooon, oooooooo,
the radius of the earth w-000000000O000000O000O0O0oa
Velocity vector v at x is perpendicular to both OP 00 v
and x. The absolute value of v is Lw. By introducing
an Euler vector w directing OP, and whose magni-
tude is w, these relationships are expressed by v O0vOwx x 040

wx x.



0O 20RM20000000000D0000OOOODOOOMinster and Jordan, 19781
Table 2 Euler vectors of RM2 global model]l Minster and Jordan, 197801

Relative Rotation Vector Error Ellipse
o’ 0% oo 0% 0% 0% 0%hx  0%mmx  0%in
Plate Pair °N deg °E deg deg/m.y. deg/m.y. deg deg deg
NOAM-PCFC 48.77 1.10 073.91 1.94 0.852 0.025 S71°E 1.30 1.08
COCO-PCFC 38.72 0.89 0107.39 1.01 2.208 0.070 S37°E 1.00 0.63
NAZC-PCFC 56.64 1.89 [0 87.88 1.81 1.539 0.029 NO09°E 1.91 0.96
EURA-PCFC 60.64 1.04 [078.92 3.04 0.977 0.027 Z78°E 1.51 1.02
I NDI-PCFC 60.71 0.77 05.79 1.83 1.246 0.023 S82°E 0.90 0.76
ANTA-PCFC 64.67 0.90 [080.23 2.32 0.964 0.014 N52°E 1.11 0.75
COCO-NOAM 29.80 1.06 0121.287 2.07 1.489 0.070 S75°E 1.84 0.99
AFRC-NOAM 80.43 1.57 56.36 35.29 0.258 0.019 N86°E 5.83 1.51
EURA-NOAM 65.85 6.17 132.44 5.06 0.231 0.015 S14°E 6.36 1.39
NOAM-CARB 033.83 9.19 [070.48 2.76 0.219 0.052 S13°E 9.42 0.97
COCO-CARB 23.60 1.48 0115.55 2.26 1.543 0.084 S63°E 2.24 1.21
NAZC-CARB 47.30 5.37 097.57 4.57 0.711 0.056 S19°E 5.59 2.67
COCO-NAZC 5.63 1.40 0124.40 2.61 0.972 0.065 N89°E 2.60 1.40
NOAM-SOAM 25.57 7.12 [053.82 6.22 0.167 0.029 S14°E 7.22 5.49
CARB-SOAM 73.51 11.75 60.84 48.86 0.202 0.038 S52°E 16.84 6.84
NAZC-SOAM 59.08 3.76 [094.75 3.73 0.835 0.034 S05°E 3.77 1.90
AFRC-SOAM 66.56 2.83 037.29 2.65 0.356 0.010 S08°E 2.85 0.98
ANTA-SOAM 87.69 1.30 75.20 79.29 0.302 0.018 N84°E 3.22 1.26
INDI-AFRC 17.27 0.97 46.02 1.06 0.644 0.014 S47°E 1.24 0.66
ARAB-AFRC 30.82 3.44 6.43 1148 0.260 0.047 S79°E 10.02 2.93
AFRC-EURA 25.23 4.25 021.19 0.98 0.104 0.036 S01°E 4.25 0.89
INDE-EURA 19.71 1.40 38.46 2.66 0.698 0.024 S65°E 2.72 0.90
ARAB-EURA 29.82 2.53 01.64 9.57 0.357 0.054 S85°E 8.33 2.45
INDI-ARAB 7.08 2.15 63.86 2.30 0.469 0.066 S51°E 2.51 1.89
NAZC-ANTA 43.21 4.50 [095.02 3.28 0.605 0.039 S01°E 4.50 2.39
AFRC-ANTA 9.46 3.77 [041.70 3.55 0.149 0.009 S42°E 4.93 1.45
INDI-ANTA 18.67 1.16 32.74 1.41 0.673 0.011 S62°E 1.39 1.10
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Fig. 60 all Spherical triangle with vertexes A, B, and C. The three sides are repre-
sented by a, b, and c.
0 bO Spherical triangle with vertexes North Polel] N.P.[] rotation pole PO ¢,
A0 and point X1 ¢, AL A is the angle between OP and x, and « is
the direction of the pole at x.
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Fig. 7 Method determining an Euler vector.
Velocity direction data are given at points x and y.
Draw great circles perpendicular to the velocity di-
rections at these points and obtain the intersection
point. This gives rotation pole P. At point z, a datum
of the velocity magnitude is given in a certain direc-
tion. Let the angle between this direction and the
velocity direction be B. Calculate angle A between
P and z; then, using equationl] 14[] obtain angular
velocity w.
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