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Fig. 4. On a sphere, the motion of block 2
relative to block 1 must be a rotation about some
pole. All faults on the boundary between 1 and 2
must be small circles concentric about the pole A.

Morgan, 1968
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Diagram illustrating three stages in the rifting
of a continent into two parts. This could
represent South America and Africa. There will
be seismic activity along the heavy lines only

Wilson et al., 1965
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Fig. 2. Observed profiles, of magnetic anomalies and bathymetry, along the tracks
shown in Fig. 1; they have been projected along an azimuth at right angles to the
ridge axis. The numbers correspond with those in Fig. 1.
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Fig. 3. The middle curve is the Eltanin-19 magnetic-anomaly profile; east is to the
right. The upper anomaly profile is that of Eltanin-19 reversed; west is to the right.
On the bottom is the model for the Pacific-Antarctic Ridge. The time scale (millions
of years ago) is related to the distance scale by-the spreading rate of 4.5 cm/yr.
The previously known magnetic epochs since the Gilbert epoch are noted. The
shaded areas are normally magnetized material; unshaded areas, reversely magnetized
material. Above the model is the computed anomaly profile.

Pitman and Heirtzler, Science, 1966
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Fig. 2 (left). The location of Reykjanes Ridge, southwest of Iceland, and the area of Fig. 3. The 1000-fathom submarine contour
is shown, together with the 500-fathom contours for Rockall Bank. Fig. 3 (right). Summary diagram of the magnetic

anomalies observed over Reykjanes Ridge (see Fig. 2). Straight lines indicate the axis of the ridge and the central positive
anomaly (17).

Vine, Science, 1966 (after Vine and Matthews, Nature, 1963)



TABLE 1. Strike of Faults on the
Mid-Atlantic Ridge
Longi- Ref-
Name Latitude tude Strike  erenc

Atlantis 30.0°N 42.3°W 99° a
18.5°N  46.8°W 95° a

14.5°N  46.0°W 91° a

Vema V 10.8°N 42.3°W  92° b
Vema W 10.2°N  40.9°W  94° b
Vema X 9.4°N 40.0°W 92° b
Vema Y 8.8°N 38.7°W 92° b
Vema Z 7.6°N 36.6°W 91° b
7.2°N  34.3°W 91° b

4.0°N 31.9°W 88° c

1.9°N 30.6°W 86° c

St. Paul’s 1.1°N  26.0°W 86° c
1.1°S 24.0°W 81° c

Romanche 0.1°S 18.0°W 77° c
Chain 1.3°S 14.5°W 75° c
1.9°S  12.9°W  82° c

2.9°8 12.5°W 73° c

7.5°S 12.3°W 73° a

e Heezen and Tharp [1965].
b Heezen et al. [1964b]1.
¢ Heezen el al. [1964al].

Morgan, 1968
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Fig. 8. Great circles perpendicular to the strike of offsets of the mid-Atlantic ridge are
shown in (a). With one exception, all of these lines pass within the circle centered at 58°N,
36°W. Great circles perpendicular to the strike determined by earthquake mechanism solu-~
tions are shown in (b).



Morgan, 1968

75° v 75°

N
}J?

60 ~ 60°

a0° N 40°

-l
20° Z Tom 20°

o° R
160° 120° 80° 40°
75° 75°
/\—\\\/./"\J\A
60° = 60°
2
40° 40°
20° 20°
o. Pt n o.
160° 120° 80° 40°

Fig. 14f
Fig. 14, Parts (a) through (d) show great circles constructed perpendicular to the strikes
of fault segments observed in the Fairweather-Queen Charlotte, northern California, south-
ern California, and Gulf of California regions. Part (e) is a composite of the four separate
regions with the exceptions noted in the text. Part (f) shows great circles constructed perpen-
dicular to strikes determined from earthquake mechanism solutions. The circle of intersection
drawn has the coordinates §3°N (=:6°), 53°W, (%10°).
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Figure 7-2

Mechanism diagrams for four circum-Pacific earthquakes. The lower
half of the focal sphere is projected stereographically on to a horizontal
surface, and the rarefraction quadrants are shaded. The horizontal
projection of the slip vector in plane | is marked with a double arrow.
(a) June 28, 1966, Parkfield (McEvilly, 1966a), strike slip; (b) September
4. 1964. Alaska (Stauder and Bollinger, 1966a), overthrust; (¢) June 14,
1962, Near and Aleutian Islands (Stauder and Bollinger, 1964a), strike

slip: (dy October 20, 1963, Kurile Islands (Stauder and Bollinger,
1966b). overthrust

McKenzie and Parker, 1967
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A Mercator projection of the Pacific wit'h a pole at SQ" N.. 85° W. Thf: gnrrows
show the direction of motion of the Pacific plate relz}n’ve 10 thal containi Est
North America and Kamchatka. If both plates are rigid all sltpd?'e‘ctorsfrlr;]c

be parallel with each other and with the upper and lower boundaries o

figure. Possible boundaries of other plates are skeiched
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Fig. 4. Major fault zones adjacent to southeast Asia. Shading and striping mark regions
of known or suspected extension and shortening, respectively. Locations of transcurrent faults
in Celebes and Java and the sense of motion on them are from Katilz [1970]. Saw-tooth
curves mark zones of shallow underthrusting for which there is at least some seismic evidence.
Smooth continuations of these curves represent zones of underthrusting along which at most
only scattered concentrations of shallow earthquakes were recorded in recent years. Thin
curves, dashed where there is little supporting evidence, mark fault zones that may or may
not be part of a plate margin. Directions of relative motion between the major plates com-
puted from rigid plate models are given by solid lines [Morgan, 19721 and dashed lines
[Le Pichon, 1968].
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Fig. 1. The crust is divided into units that move as rigid blocks. The boundaries between
blocks are rises, trenches (or young fold mountains), and faults. The boundaries drawn in
Asia are tentative, and additional sub-blocks may be required. (Figure is based on Sykes’s

[1968b] map of the ridge system with additional features from Heezen and Tharp’s [1965]
tectonic map.)

TABLE 5. Prediction of Antarctica—Africa Pole from Closure of

Morgan, 1968 Africa-North America-Pacific—Antarctica~Africa Circuit
Latitude, Longitude, V masxs iaw,, iaw,, }aw,,
°N °E cm/yr cm/yr cm/yr cm/yr
@ Am-—Af 624+ 5 —36x+ 2 1.8+0.1 0.7+0.1 —0.5=%.1 1.6 = 0.1
©OPao—Am 534+ 3 —53+ 5 4.0+ 0.6 143+03 —19+ .4 3.2 + 0.5
Oant—Pas —Tl £ 2 118+ 6 5.7+ 0.3 —0.9 + 0.2 1.6+ .2 —5.4 4+ 0.3
©Ant—Af —-254+30 —35+20 1.6=0.5 1.2+04 —08=+.5 —0.6=+0.6




Le Pichon, 1968: the 6-plate model

Figure 9-6
The locations of the boundaries of the six blocks used in the computations. The numbers next to the
. vectors of differential movement refer to Table 9-5. Note that the boundaries where the rate of shortening
Le Pichon , 1968 exceeds about 2 em/yr account for most of the world carthquake activity
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A I \ - Relative Rotation Vector* Error Ellipset Importance Distribution
COCO \) b % ¢ Ud’ @ % ‘pax  max  ‘min
NAZC Plate Pair °N deg °E deg deg/m.y. deg/m.y. deg deg deg RA TF sV Total
( NOAM-PCFC 48.77 1.10 -73.91 1.9  0.852  0.025 S7T1°E  1.30 1.08 0.405  0.398  0.694  1.497
COCO-PCFC 38.72  0.89 -107.39  1.01  2.208  0.070 S37°E  1.00 0.63 0.977  0.272  0.009  1.258
NAZC-PCFC 56.64 1.89  -87.88  1.81  1.539  0.029 NO9°E  1.91 0.96 0.849  0.341  0.038  1.228
EURA-PCFC 60.64  1.04  -78.92  3.04  0.977  0.027 S78°E  1.51 1.02 0 0 0 0
° INDI-PCFC 60.71  0.77 -5.79  1.83  1.246  0.023 S82°E  0.90 0.76 0 0 0.246  0.246
30 ANTA-PCFC 64.67  0.90  -80.23  2.32  0.964  0.0l4 N52°E  1.11 0.75 1.200  0.811  0.039  2.050
NOAM COCO-NOAM 29,80  1.06 -121.28  2.07  1.489  0.070 S75°E  1.84 0.99 0 0 0.165  0.165
AFRC-NOAM 80.43  1.57 56.36 35.29  0.258  0.019 N86°E 5.88 1.51 0.851  0.246  0.091  1.188
CARB EURA-NOAM 65.85  6.17  132.44  5.06  0.231  0.015 SI4°E  6.36 1.39 1.055  0.626  0.366  2.047
= NOAM-CARB  -33.83  9.19  -70.48  2.76  0.219  0.052 S13°E  9.42 0.97 0.952  1.741  0.253  2.946
/ COCO-CARB 23.60  1.48 -115.55  2.26  1.543  0.084 S63°E  2.24 1.21 0 0 0.111  0.111
A RMI NAZC-CARB 47.30  5.37  -97.57  4.57  0.711  0.056 S19°E  5.59  2.67 0 0 0 0
COCO-NAZC 5.63  1.40 -124.40  2.61  0.972  0.065 N89°E  2.60 1.40 1.829  0.732  0.076  2.637
(] RM2 NOAM-SOAM 25.57 7.12 -53.82 6.22 0.167 0.029 S14°E  7.22 5.49 0 0 0 0
— s CARB-SOAM 73.51  11.75 60.84 48.86  0.202  0.038 S52°E 16.84 6.84 0 0 0 0
\\ NAZC-SOAM 59.08  3.76  -94.75  3.73  0.835  0.034 SO5°E  3.77 1.90 0 0 0.464  0.464
+ BFP AFRC-SOAM 66.56  2.83  -37.29  2.65  0.356  0.010 SO8°E  2.85 0.98 1.201  1.108  0.072  2.381
ANTA-SOAM 87.69  1.30 75.20 79.29  0.302  0.018 N84°E  3.22 1.26 0.167  0.608  0.283  1.058
’ INDI-AFRC 17.27  0.97 46.02  1.06  0.644  0.014 S47°E  1.24  0.66 0.843  1.098 0 1.941
60° ARAB-AFRC 30.82  3.44 6.43 11.48  0.260  0.047 S79°E 10.02 2.93 1.989  0.93  0.077  3.000
AFRC-EURA 25.23  4.25  -21.19  0.98  0.104  0.036 SO1°E  4.25 0.89 0 0.783  1.167  1.950
INDI-EURA 19.71  1.40 38.46  2.66  0.698  0.024 S65°E  2.72 0.90 0 0 0 0
Fi 4 1 ARAB-EURA 29.82  2.53 -1.64  9.57  0.357  0.054 S85°E  8.33  2.45 0 0 0 0
. 4. Poles for model 2 i 9 INDI-ARAB 7.08  2.15 63.86  2.30  0.469  0.066 S51°E  2.51 1.89 0 0 0 0
g . m RM2, with their 95% NAZC-ANTA 43.21  4.50  -95.02  3.28  0.605  0.039 SO1°E  4.50 2.39 0.246  0.058  0.222  0.526
(20) confidence ellipses. RM1 poles and best AFRC-ANTA 9.46  3.77  -41.70  3.55  0.149  0.009 S42°E  4.93  1.45 0.697  1.243  0.195  2.135
INDI-ANTA 18.67  1.16 32.74  1.41  0.673  0.011 $62°E  1.39 1.10 1.012  0.135  0.025  1.172
fitting poles (Table 3), where available, are
also shown. Total 14.273  11.134  4.593  30.000

*First plate named moves counterclockwise with respect to the second. Uncertainties are the standard deviations of marginal
distributions.
tOne-sigma error ellipses are specified by the azimuth Cnax of the major axis; lengths of the axes are geocentric angles.

Minster and Jordan, 1978 (RM2)



ANTARCTICA

Figure 4. Data locations and plate geometry assumed for NUVEL-1. Regions with vertical lines mark diffuse plate boundaries between North
and South America and between India and Australia. Within each of these diffuse boundaries a dashed line shows the discrete boundary
assumed in NUVEL-1. Squares show locations of spreading rates, circles show locations of transform azimuths, and triangles show earthquake
locations for slip vectors (except those along transform faults offsetting mid-ocean ridges, which are omitted for clarity). Also shown are two
plates (Philippine and Juan de Fuca) omitted from NUVEL-1, but included in Table 1 for completeness. Plate name abbreviations: Cocos
(CO), Caribbean (CA), Indian (IN), Arabian (AR), Philippine (PH), and Juan de Fuca (JF). Mercator projection.

reliably resolved. The 1122 data from 22 plate boundaries inverted to obtain
NUVEL-1 consist of 277 spreading rates, 121 transform fault azimuths, and 724
earthquake slip vectors. We determined all rates over a uniform time interval of
3.0 m.y., corresponding to the centre of the anomaly 2A sequence, by comparing
synthetic magnetic anomalies with observed profiles. The model fits the data well.

DeMets et al., 1990



Figure 6(a). Location of some of the NUVEL-1 Euler poles (solid
circles) and their 2-D 95 per cent confidence regions describing
motion between the African (AF), Antarctic (AN), Australian
(AU), Caribbean (CA), Eurasian (EU), Indian (IN), North
American (NA), Pacific (PA), and South American (SA) plates.
Best-fitting poles (open triangles), model P071 (Chase 1978) Euler
poles (stars), and model RM2 (Minster & Jordan 1978) Euler poles
(squares) are also shown. For each Euler pole, the first plate listed
DeMets et al., 1990 rotates counter-clockwise relative to the second plate.
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Figure 10. Spreading rates (squares), transform fault azimuths (circles), and slip vector azimuths (triangles) observed along the Arctic Ridge
and northern Mid-Atlantic Ridge are compared with directions and rates from the NUVEL-1 (bold solid), best-fitting (thin solid), RM2 (long
dashed), and P071 (short dashed) Eurasia-North America Euler vectors. The horizontal axis shows the angular distance from the best-fitting
Euler vector (Table 4). Vertical error bars show 1-0 errors assigned to rates and transform fault azimuths.

DeMets et al., 1990



DeMets et al., 1994

Table 2. Angular Velocities Describing Plate Motion

Angular Velocity  Pole Error Ellipse
Plate Lat. Lon. @ Omax Omin $max O
Pair °N °E °/my. ° °  °/m.y.
Eurasia-N. Amer. 785 1220 .23 82 49 -8 03
N. Amer.—Pacific  49.1 -73.0 .79 41 22 -83 03
Africa-N. Amer. 809 167 22 145 11.1 15 .04
Pacific—Australia -57.2 -173.5 1.13 26 24 43 04
Australia-Eurasia 9.9 474 72 49 40 -53 05
Africa-Eurasia  -11.7 =273 .07 41.7 36.1 36 .03
Eurasia—Pacific 60.2 -744 95 33 22 -88 .05
Australia-Africa 112 526 .71 6.1 43 -22 04
N. Amer—-S. Amer. 6.5 -556 28 83 74 -55 .12
Africa—S. Amer. 399 -493 38 162 74 -7 .10

The first plate moves counterclockwise relative to the second
plate. The uncertainty in pole position is described by the one-
sigma error ellipse, which is given by the angular lengths of the
semi-principal axes (o, and o) and azimuth of the semi-
major axis ({may. in degrees clockwise of North). The uncertainty

in rotation rate is o,.



Argus et al., 2010
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Figure 1. (top) The 56 plates in NNR-MORVELS56, which consist of the 25 plates in MORVEL (black text)
[DeMets et al., 2010] and 31 additional small plates from Bird [2003] (magenta text). Two-letter abbreviations
(see Table 1) are lowercase for MORVEL plates and uppercase for the 31 plates from Bird [2003]. Plate boundaries
are identical to those from Bird [2003] (in blue), except for (in red) the Lwandle-Somalia, Capricorn-Australia,
Macquarie-Australia, and Sur-South America plate boundaries. MORVELS6 relative plate velocities at locations
(a) through (k) are shown in Figure S1 of the auxiliary material. (bottom) The blue arrows and numerals show the
NNR-MORVELS56 horizontal velocities and 95% confidence limits (light blue, imperceptible except for the Okhotsk
plate). The red arrows and numerals show velocity differences between NNR-MORVELS56 and NNR-NUVELIA.
The green arrows and numerals show velocity differences between NNR-MORVELS6 and GSRM-NNR-2 [Kreemer
et al., 2006]. Speeds are in mm a .
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Argu s et al ., 2010 Figure 3. NNR-MORVELS6 rotation ples and 95% confidence limits. For many plates the 95% confidence limits
are smaller than the circle marking the location of their rotation pole.
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Plate Motions Are Steady

Richard G. Gordon  Geophysics News, 1990

SLR Relative Rates (mmfyr)

1 T
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NUVEL 1 Relative Rates (mm/yr)

Fig. 11. Comparison of SLR determined geodesic rates with those
implied by the NUVEL 1 geologic plate motion model for 54 lines
connecting stations on five plates that are well within plate interiors

and crossing at least one plate boundary. The slope of the line is 0.949
+ 0.019,



Summed squared angular velocity difference from GPS

0 5000 10000 15000 20000 25000
- 1978: PO71 .
1990: NUVEL-1 »
1994: NUVEL-1A =

I ‘

1994: modified NUVEL-1A, corrected for outward displacement [

modified MORVEL, no outward displacement correction |

MORVEL -

Figure 53. Sums of squared differences from eq. (2) between GPS-derived angular velocities from Table 6 and the closure-enforced angular velocities for seven
geological estimates of global plate motions, as follows: P071 (Chase 1978), RM2 (Minster & Jordan 1978), NUVEL-1 (DeMets ef al. 1990), NUVEL-1A
(DeMets et al. 1994a), MORVEL and alternative estimates based on the NUVEL-1A and MORVEL data. Due to differences in how the original angular
velocity uncertainties were computed for the different geological estimates, only the covariances for the GPS-derived angular velocities are used in eq. (2) to
determine the weighted, summed-square difference. Angular velocity comparisons are limited to the plates for which both geological and GPS estimates are
available, consisting of the Antarctic, Australia, Eurasia, India, Nubia (AF), Nazca, North America, Pacific, South America and Somalia (AF) plates. Locations
of GPS stations used to estimate the plate angular velocities are shown in Fig. 54. Further details about the comparison are given in the text.

DeMets et al., 2010
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(a) Locations of continuous GPS stations (red) that are used to estimate motions of designated plate pairs at locations shown by the blue circles.
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Fig. 1 The arrows show the direction
and speed of the plates over the mantle;
the heavier arrows show the plate motion
at hotspots. This synthesis was based
on relative plate motion data (fault
strikes and spreading rates) and predicts
the directions of the aseismic ridges/
island chains emanating from the
hotspots.
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