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We have investigated the application of the F-ratio test, a standard statistical technique, to the results of relative plate
motion inversions. The method tests whether the improvement in fit of the model to the data vesulting from the addition
of another plate to the model is greater than that expected purely by chance This approach appears to be useful in
determining whether additional plate boundaries are justified We confirm previous results favoring separate North
American and South American plates with a boundary located between 30°N and the equator, Using Chase's global
relative motion data, we show that in addition to separate West African and Somalian plates, separate West Indian and
Australian plates, with a best-fitting boundary between 70°E and 90°E, can be resolved. These results are generally
consistent with the observation that the indian plate’s internal deformation extends somewhat westward of the
Ninetyeast Ridge. The relative motion pole is similar 1o Minster and Jordan's and predicts the NW-SE compression
observed in earthquake mechanisms near the Ninetyeast Ridge.

1. Introduction

In the idealized framework of plate tectonics,
the lithosphere is composed of a set of rigid plates
and all deformation occurs at their boundaries.
Since the confirmation of this model, deviations
from the model have become a subject of active
research. Such deviations, if localized, can be con-
sidered either plate boundaries with very slow
relative motion, or zones of intraplate deforma-
tion. Three basic approaches have been used to
identify such areas. Present-day deformation can
be identified using earthquake seismology, heat
flow, or other geophysical data. Alternatively, rela-
tive plate motion studies can establish the ex-
istence and nature of resolvable motions. Finally,
the existence of a “fossil” boundary can be estab-
lished from marine magnetic lineations, fracture
zones, and paleomagnetic data: such regions some-
times continue to be active.

Examples of such deviations include rifting of
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the African continent, slow motion between North
America and South America, and deformation of
the lithosphere of the Central Indian Ocean, gen-
erally regarded as the type-example of oceanic
intraplate deformation. The case for rifting of
Africa is clear because the deformational zone (the
rift valley} is easily identified both by morphology
and seismicity [1]. Nonetheless, it has posed diffi-
culties for some relative plate motion inversions
[2].

The central Indian Ocean situation is more
difficult to analyze, because the deformation is
more diffuse. Previous studies have used all three
approaches for identifying regions that deviate
from the rigid plate model. The central Indian
Ocean currently is the most seismically active area
within the ocean basins [3-8]. Active deformation
is also shown by anomalies in heat flow [9], gravity
and bathymetry [10], and travel times {11]. Intra-
plate deformation has also been suggested by Min-
ster and Jordan [2] from the present-day relative
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plate motions. Finally, the modern Indian plate is
composed of several previously distinct plates
[12-153] and seems to have preserved some weak-
ness along the fossil boundaries.

For comparison, there is no clear seismically or
bathymetrically defined boundary between the
North and South American plates [16,17]. For this
reason, and because no difference in motion with
respect to Africa could be resolved, early models
of recent plate motions treated the Americas as a
single plate [18-21] More recent studies, using
more accurate data and more sophisticated inver-
sion technigues, have been able to resolve motion
between North America and South America
{2,22,23}]. Large displacements between North
America and South America over the last 70 mil-
lion years have also been shown by reconstructions
using marine magnetics and fracture zones [24]

Several similar situations have been proposed,
including a Caroline plate resolvable from the rest
of the Pacific plate [25], and a Spitsbergen plate
[26]. Microplates are also often included in analyses
of complex continental regions [27,28].

Because of its importance to the detection of
intraplate deformation and plate boundaries along
which very slow motion occurs, our goal in this
paper is to explore the use of relative plate motion
data for such analyses. Specifically, we will ad-
dress the question of when one is justified in
assuming the presence of a plate boundary or
significant intraplate deformation when a set of
plate motion data are fit better by inferring a more
complex plate geometry (e.g. separate West Indian
and Australian, West African and Somalian, or
North and South American plates). Although plate
motion data do not precisely fit the underlying
assumptions made when applying an F-ratio test, a
standard statistical method, we found that with
only minor modifications from conventional prac-
tice the test could be usefully applied to the resulis
of relative motion inversions.

We examined these questions by using the com-
pilations of relative motion data of Minster and
Jordan {2] and Chase [23]. These two datasets
differ in several ways. Chase [23] inclueded data for
the Philippine plate but not the Caribbean, whereas
Minster and Jordan did the reverse. To facilitate
comparisons, we excluded these two regions from

the data. Since the two sets of data differ signifi-
cantly after this exclusion, it is possible to test
whether the Indian Ocean and Atlantic results
depend on the dataset inverted. Chase [23] and
Minster and Jordan [2] also used two different
inversion algorithms; we tested for the effect of
the inversion method by inverting both sets of
data with the same algorithm, that of Minster et
al. [22].

2. F test

The F test is the standard statistical test used to
compare variances of distributions. We used a
form of the test that compares how well two
different models fit a set of data, the models
differing only in that one model has fewer parame-
ters generated from the data than the other. The
test is formulated in terms of x2, which measures
the sum of the squares of the differences between a
datum, 4°, and model prediction, d™, normalized
by the variance, o?:
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If a set of N data are fit by two models, one with
parameters (N — r degrees of freedom), and a sec-
ond with p parameters (N — p degrees of freedomy),
with p greater than r, the second model should fit
the data better, and x?( p) should be less than
x2(r). To test if the reduction in x* is any greater
than would be expected simply because additional
model parameters were added, the statistic:

DA~ (/p =)
x*(p)/(N~-p)

{29] is used. (The denominator is just the reduced
x>, x2, defined as the ratio of x? to the number of
degrees of freedom, v= (N - p).) This statistic is
F distributed with », =(p—r) and v, =(N —p)
degrees of freedom. The test examines the proba-
bility P.{ F, v,, v,) of observing an F value greater
than the observed value F for a random sample
with », and », deprees of freedom. Thus, for
example, if Pg is 0.01, there is only a 1% risk that
the improvement in fit is due purely to chance.




In our application we want to know whether
the fit to N relative motion data produced by a
model with p + 1 plates is significantly improved
relative to a model with p plates. The p plate
model has 3(p— 1) parameters (N —3p+ 3 de-
grees of freedom) while the p -+ 1 plate model has
3p parameters (N — 3p degrees of freedom} so the
statistic £

{xz( pplates) —x*(p+1 plates)]/3
x2( p+ 1 plates) /(N — 3p)

is tested using Pe(F, v, vy) with v, 5= 3, p, =N —
3p. This is easily done using values from Table 1
(adapted from Dixon and Massey [30]) which gives
values of F, F,,; and F,,, corresponding to
Pr(F, vy, »,) for probabilities of 0.01 and 0.05.

Plate motion models do not always fit this
model because the choosing of additional parame-
ters is generally dependent on the data set or
residuals from simpler models, contrary to the
underlying statistical assumptions. One would thus
expect the results of F tests to be biased toward
resolving spurious plates. Fortunately, as discussed
later, we found the test to be of practical use when
a stringent maximum confidence level of 99%,
rather than the more commonplace 95%, was used.
Plate motion studies fit the assumptions of the F
test model best when the location of a possible
boundary is suggested not by the plate motion
data but by independent data, such as the high
seismicity of the Indian Ocean.

Before using the F test to draw any conclusions
in complex situations, we tested the method for
idealized cases using synthetic data and for well-
understood unambiguous geometries. The two syn-

F=

TABLE 1

Values for F test, #; =3

2 Fyos Fom
10 mn 653
20 31 494
25 299 468
30 292 4.51
40 284 431
60 276 413

120 268 395
oo 260 3178
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thetic data tests were chosen to simulate two of the
simpler tests conducted with real data. In the first
test, we generated error-free synthetic values for
Pacific-Antarctic relative motion data using loca-
tions and data types (rate, slip vector or transform
azimuth) corresponding to the Minster and Jordan
data. We then generated 200 synthetic sets of data,
simulating the effect of noise by adding Gaussian
errors with the standard deviations assigned by
Minster and Jordan {2] to the error-free synthetic
data. The synthetic sets of data were inverted, first
for a two-plate model including the Antarctic and
Pacific plates, and then for a three-plate model in
which the Pacific plate is divided into two plates
along the Elanin Fracture Zone {a hypothetical
boundary location discussed later). Fig. 1A shows
a histogram of the values of F{», = 25) resulting
from comparison of the two- and three-plate inver-
sion results for each of the 200 cases. Only 11 and

SYNTHETIC DATA TESTS
PACIFIC ~ ANTARCTIC DATA

] { i

40 -
SPLIT PACIFIC
20 -
3 L { o
NUMBER

PACIFIC ~ COCOS ~NAZCA DATA

SPLIT NAZCA

Fig 1. F values comparing inversions of synthetic data with
Gaussian errors for an hypothetical additional plate A
Parific- Antarctic syathetic data inverted with both undivided
and divided Pacific plates. B Pacific-Cocos-Nazca synthetic
data (excluding Nazea-Cocos boundary) inverted with both
undivided and divided Nazca plates
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4 of the F values are greater than would be ex-
pected for 5% and 1%, respectively, by chance.
Fig 1B shows similar results for a similar numeri-
cal experiment, conducted on data from the
Pacific-Cocos—-Nazca plate system using only data
along the East Pacific Rise {in other words, exclud-
ing all data for the Cocos~Nazca spreading center).
Here F(r,=22) measures how much the fit is
improved by arbitrarily splitting the Nazca plate
into two plates (at 18°5). Again, the number of
cases which pass the F test at the 5% and 1%
levels, 6 and 2 respectively, Is approximately that
expected. These numbers are close enough to the
predicted incidence for 200 trials that the use of
the F test seems warranied.

We also conducted tests on the actual data for
simple cases. We took three plates that meet at a
triple junction, and tested our ability to resclve the
presence of all three plates without using data
from one boundary In these cases the data used
were taken from Minster and Jordan [2}, except
where otherwise specified, and the Minster et al
{22] inversion algorithm was used. Table 2 shows
the results of several such tests. For example, we
studied the Pacific-Cocos-Nazca plate system

TABLE 2

Three plate system: tests

using only data along the East Pacific Rise (in
other words, excluding all data for the
Cocos—Nazca spreading center). First, we inverted
the data treating the Cocos and Nazca plates as a
single plate, and obtained a relative motion model
with » =28, x*==448 and x2=1.6 (Table 2). A
second inversion, treating Cocos and Nazeca as
separate plates (» = 25) yielded x?= 515 and x?
={(21. The three-plate model is clearly better
because both x? and x? are dramatically reduced.
This is confirmed formally by the F test; F = 64.2
is much greater than the value of F,,, 4.7, for
py =3, v, =25 (Table 1). (In all tables, F is the
result of the F test relative to the model in the
preceding row unless otherwise indicated.) Next,
we split the Nazea plate into two plates (divided at
18°8), and inverted the data as a four-plate sys-
tem. The four plates fit the data better, since
x2=36 and x2=0.16 The F test suggests that
this improved fit may not indicate that a fourth
plate is really present: the fit corresponds to F=
3.2, which is not significant at the 99% level,
because F,; = 4.68, although it is significant at
the 95% level, as F, ;= 2.99. We suspected the
large F value might result from two Nazca-Pacific

Number Number x* x2 w F

of plates of data
Pacific - Cocos - Nazca {no Nazea-Cocos data)
Combinre Cocos and Nazca 2 k)| 44 8 16 28
Correct boundaries 3 3l 52 021 25 642
Split Nazca at 18°S 4 31 36 016 22
Wrong CO-NZ boundary (189 8) 3 3 %0 1356 25
Pacific - Cocos - Nazea (no Pacific-Cocos data)
Combine Pacific and Cocos 2 34 1780 8 57.44 3
Correct boundaries 3 34 103 0137 28 1598 1
Split Pacific a1 10°8 4 34 96 038 25 Q6
Wrang PA-CO boundary (10°5) 3 34 12412 4433 28
Pacific— Nazca— Amarctica (no Nazca~-Antarctica data)
Combine Nazes and Antarctica 2 51 24232 505 48
Coarrect boundaries 3 51 175 0139 45 1926
Split Anlaretica at 140° W 4 51 15.8 0.38 42 15
Wrong NZ-AN boundary (15°8) 3 51 1565 348 45
Wrong NZ-AN boundary (140 ° W) 3 51 2565 570 45




data that are actually on the Easter plate boundary
[31-33}, but the results changed insignificantly if
these data were deleted.

This simple test, for an ideal geometry, is very
encouraging: the test finds that two plates known
to be distinct are so, and rejects the addition of a
spurious plate. It appears that the existence of a
separate plate should be inferred using this method
only if the F test indicates there is less than a 1%
chance that the improvement in the fit would
occur at random. To test one location of a hypo-
thetical boundary, the 5% risk level would proba-
bly be useful since there is only a one in twenty
chance of concluding that a spurious boundary
was present. This risk level, however, is inadequate
for testing several locations. For example, in test-
ing five hypothetical boundaries there is roughly a
one in four chance of concluding that one of the
five was an additional boundary when it was not.
The one in four chance seems too high. By using
the more stringent 1% risk level there is only a one
in twenty chance of making this error.

Table 2 also shows results for a different experi-
ment, in which this three-plate system is inverted
using an incorrect location for the Cocos-Nazca
spreading center (18°S) Not surprisingly, x° is
much greater than for the correct location. In
some cases, searching for a minimum in x* may be
a useful method of locating a poorly defined
boundary.

403

For additional tests, we determined relative mo-
tions for the same three plates, by carrying out
inversions that included the Cocos~-Nazca
boundary data but excluded all Pacific-Cocos
data. As before, the three plate geometry is a much
better fit to the data than a geometry in which the
Pacific and Cocos plates are combined, and addi-
tion of a spurious fourth plate produces a better fit
which the F test indicates is insignificant (Table 2).
Moving a plate boundary to an incorrect location
again dramatically increases x* Table 2 also shows
a set of tests for the Pacific-Antarctica—Nazea
system, with similar results,

The criterion used [2,22,23] to resolve the ex-
istence of two distinct plates from the results of a
relative motion inversion is that the error ellipses
associated with their relative motion poles do not
overlap. We found that for all practical purposes
this criterion is comparable to using the F test, but
it is possible that the F test will be superior in
some cases. One such case (Table 3) is the
Pacific-Antarctica system. Paleomagnetic studies
{36,37] have documented relative motion between
the North Pacific and South Pacific plates since 80
million years ago, and suggest that some of this
motion may have occurred during the Cenozoic.
One location that has been proposed for this fossil
boundary is along the Eltanin Fracture Zone trace,
along which unusual seismicity now occurs [38] Its
possible role as a former plate boundary makes it

TABLE }

Two Pacific plates
Number Number x? x2 ¥ F
of plates of data

Pacific - Amarctica data

Single Pacific plate 2 3 130 .47 28

Separate North and South Pacific 3 k1! 114 046 25 1.2

Global inversion

Single Pacific plate 10 315 1078 0374 288

Separate North and South Pacific 11 315 1067 0374 285 10

Global Inversion — Chase data

Single Pacific plate 11 242 736 035 212

Separate North and South Pacific 12 242 0T 0634 209 29
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a candidate for testing whether it may currently be
a slowly moving, difficult to detect plate boundary.

To examine this possibility, we modeled the
Pacific plate as separate North Pacific and South
Pacific plates, divided along the Eltanin Fracture
Zone, and compared the results of this inversion to
the results for a single Pacific plate. The F test
indicates that the improved fit from using two
Pacific plates is insignificant, even though the er-
ror ellipses for the North Pacific—Antarctica and
South Pacific-Antarctica poles do not overlap.
This appears to be a result of the assigned errors
a;, which control the size of the error ellipses but
have little effect on F since F is a ratio of the x*
values. In other words, doubling the assigned er-
rors would not change F, but would cause the
error ellipses to overlap. We found, as discussed
later, that the deliberately conservative error
estimates [22] used by Minster and Jordan [2] and
Chase [23] generally ensure that conclusions drawn
from error ellipses and F are comparable. For
example, we also examined the hypothesis of two
Pacific plates by inverting all of Minster and
Jordan’s [2] data for models with and without
separate North and South Pacific plates. The re-
sults (Table 3} again indicate that the two plates
are unresolvable: the error ellipses also overlap in
this case. Finally, we conducted the same experi-
ment using the Chase [23] global dataset, which
includes no India-Pacific data and thus might
yield a different result. Here the separate Pacific
plates are not significantly different at the 99%
level, but differ at the 95% level, as for a spurious
plate in the Cocos-Nazca-Pacific system

3. North and South America

Because the North America-South America
plate boundary is unidentifiable from seismicity or
bathymetry, the case for present-day distinct plates
rests only on the results of plate motion studies
[2,22,23], although the two plates were in relative
motion in the past [24]. We used the F test to
examine this question, and explored several al-
ternatives,

One alternative, suggested to us by N. Sleep

(personal communication, 1982), is that the known
difficulties in fitting relative motions along the
Mid-Atlantic Ridge near the Azores [2] result be-
cause the Azores region is not part of the African
plate. In this case, the misfit of models to the
FAMOUS area data would cause an apparent
relative motion between North and South America.
This could occur in two ways: either the Azores
region is sufficiently rigid that it should be treated
as a separate plate, or it is deforming internally
and should be excluded from the African plate
even if it cannot properly regarded as a plate. This
model may also explain the significant differences
found between the North America-Africa pole
determined by fitting only data on that boundary
and between the North America-Africa pole de-
termined when data for the entire globe were
inverted [2]. Alternatively, the apparent North
America-South America motion may result from
the propagation of errors in the global model,
possibly due to the internal deformation of the
Indian plate. Finally, the relative motion between
the Americas might be an artifact of some noisy
data used in the inversion.

To examine the possibilities, we conducted a set
of numerical experiments listed in Table 4. First,
we used Minster and Jordan’s global data (exclu-
sive of the Caribbean plate), and inverted the data
first with one American plate and then with two
The reduction in x? and the large value of F show
that the model of separate North and South
American plates is superior to a model in which
they are assumed to be a single plate,

Next, we grouped the data from the African
plate west of 22°W and north of 35°N into an
hypothetical Azores plate, and inverted the global
data using this 12-plate model. x is reduced; the
F test shows that this resuit is at the threshold of
being significant, (Recall that, based on our ex-
periments with adding spurious plates, we use the
99% level as the minimum acceptable.} We also
inverted the data using an 11-plate model in which
the Americas were combined but the hypothetical
Azores plate was divided from the African plate.
We found that dividing the Americas into two
separate plates while keeping the Azores as part of
the African plate yielded a significantly better fit
10 the data than modeling the Americas as a single



TABLE 4

MNorth and South American plates
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Number Mumber X xXo 13 F
of plates of data
Global data
MI (combined Americas) g 315 1771 .61 291
MIJ (separate Americas) 10 315 1978 .37 288 617
MI (separate Americas, Azores) il 315 1035 0.36 285 39
MIJ (combined Americas, Azores) 10 315 1239 G43 288 412+
CC {combined Americas) i0 242 1000 046 215
CC {separate Americas} 1 242 736 035 212 253
North America— Seuth America— Africa - Europe data
M1 {combined Americas) 3 66 815 136 60
MJ {separale Americas) 4 66 17.3 030 37 70.5
M1 (separate Americas, Azores) 5 66 14.8 027 54 30
M (combined Americas, Azores) 4 66 226 0.41 57 495 *
CC (combined Americas) 3 54 41 4 086 48
CC (combined Americas) 4 54 188 042 45 180
Azores region excluded
MJ (combined Americas) 3 57 217 042 51
MJ (separate Americas) 4 h¥) 136 028 48 95
Narth America — South America -~ Africa data
MJ (combined Americas) 2 40 120 (.32 37
MI (separate Americas) 3 4G 024 34 43
Different locations for North America - South America boundary
MJ (boundary 309 N) 4 66 213 037 57
MIJ {(boundary 25° N} 4 66 203 036 57
MJ (boundary 15° N) 4 66 173 [ERETH 57
MJ (boundary 10 ° N) 4 66 178 030 57
MI (boundary 5° N) 4 66 17.1 030 a7
MI (boundary 0°) 4 66 172 030 57
MJ (boundary 5°8) 4 66 770 1.35 57
MIJ {boundary 15°85) 4 66 781 137 57
CC (boundary 31 N} 4 54 267 039 45
CC (boundary 25°N) 4 54 190 Q42 45
CC (boundary 15¥ N} 4 54 188 042 45
CC (boundary 10°N) 4 54 201 045 45
CC (boundary 0°} 4 54 23 045 45
CC (boundary 10°85) 4 54 268 160 45
CC (boundary 31°8) 4 54 404 0.50 45

M1P is Minster and Jordan [2] data; CC is Chase {23] data.
* Denoles £ test relative to third preceding line.

plate while assuming that the hypothetical Azores
plate was distinet from the African plate.

For comparison, we performed similar experi-
ments using Chase's [23] global dataset {exclusive

of the Philippine plate). Comparison of a 10-plate
model, with the Americas combined, to an 11-plate
model with separate Americas also yields an im-
provement that F indicates is real. (The number of
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plates differs from the Minster and Jordan [2]
models because Chase [23] divides the African
plate into two plates: a western African plate and
an eastern Somalian plate.) We could not perform
Azores plate tests on the Chase [23] data because
this data includes only one point in the “Azores
plate” region.

To see whether these results are caused by
errors propagating from data from the rest of the
globe, we also examined inversions based only on
the data from the Atlantic plates (North America,
South America, Europe, and Africa) and found
very similar results. Table 4 shows that the two

MINSTER & JORDAN GLOBAL DATA

o e
SPLIT AMERICAS F=g2
10 L ™
ADD AZQRES F=3.8

o 11}k °
b=
< 1 1 1
a 6 5 4 3
&,
o
o
y MINSTER & JORDAN ATLANTIC DATA
s
-
=

3te

SPLIT AMERICAS F=70
af ®
ADD AZORES f=3
5| ™
F 3 3
1.4 1.0 6 2

2
xV

Fig 2 Summary of results for separate North and South

American plates and a possible Azores plate. The separate

Americas are clearly resolvable: the Azores plate is just below
the threshold of significance

Americas can be easily resolved; the Azores plate
again is almost significant (at the 95% level, but
not at the 99% level). The Chase [23] data for the
same plates also shows resolvable North and South
America plates. In fact, the two Americas remain
resolvable both if all the Azores data are excluded
from the inversion or if only data south of the
Azores triple junction (i.e. a North America—South
America-Africa system) are inverted (Table 4).
These results are summarized by Fig, 2.

Having found that the distinction between
North and South America was robust in our in-
versions, we tested various locations for the
boundary. Table 4 and Fig. 3 show that for both

NORTH AMERICA - SOUTH AMERICA
ATLANTIC DATA

4o} °
CHASE
ao}
® °
oo} e ©
® e
2
X i 1 i I 1 4 i
8o Py "
ol MINSTER & JORDAN
40f
®
3 °
20 o0 o0
I3 q | 1 F| E 1
30N 10N 105 308

BOUNDARY LATITUDE
Fig. 3, x? values for inversion of Atlantic relative motion data
using different locations of the North America-South America
boundary.



Chase's [23] and Minster and Jordan's [2] data, a
location near 15°N used in their studies gives the
minimum x>, I.B. Minster (personal communica-
tion) pointed out that this is how the boundary
location was chosen. This location can be estab-
lished only imprecisely because the minimum in x*
is fairly broad. The data are sparse: neither dataset
contains rate data between 21°N and 5°S. The
differences in fit between adjacent trial boundary
locations result from one or two azimuthal data,
Given the noise in the data, we interpret the result
as suggesting that the best choice for the boundary
location is between 25° N and the equator. This is
consistent with previous studies suggesting a loca-
tion between 13°N and 23°N from transform
orientations [39], and near 13°N from ridge crest
topography [40]. The boundary, of course, can be
either sharp or a diffuse zone. These questions can
only be resolved by additional data.

4. Indian Ocean system

The plate motion data and geometry for the
Indian and African plates is substantially more
complicated than in the Atlantic. The region is
known to be deforming internally in at least two
major regions. Active extension is occurring at the
African rift valley, and significant intraplate de-
formation within the Indian plate is suggested by
seismicity and other geophysical data.

Chase {23] treated the Indian plate as a single
rigid plate, and modeled the African rifting by the
motion between a Somalian (East African) plate
and a (West) African plate. The Somalian plate is,
therefore, bounded on the west by the African rift
valleys and bounded on the east by the Central
indian ridge, its boundary with the Indian plate.
Minster and Jordan [2] pointed out that the rela-
tive motion data were fit badly, as indicated by the
misclosure of the Indian Ocean triple junction,
and modeled the Indian plate’s internal deforma-
tion by separate Australian and West Indian plates.
They also considered a separate Somalian plate,
but found that this model predicted compression
rather than extension at the African rift valley.

We attempted to understand this complex prob-
lem by investigating several questions. First, we
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examined whether the differences between the re-
sults of Chase [23] and Minster and Jordan [2] for
Africa~-Somalia motion are due to the data that
were inveried or the methods of inversion used.
We inverted the Chase [23] data using the Minster
et al {22} algorithm, and found an SO-AF pole at
72°N, 35°E, much closer to Chase’s [23] pole
(71° N, 35°E) than to the Minster and Jordan (2]
pole (43°8, 48°E). It thus appears that the differ-
ent inversion methods are not the cause of the
discrepancy.

Next, we examined the effect of the different
datasets by determining Somalia-Africa (SO-AF)
motion after replacing Minster and Jordan’s [2]
Arabian data with Chase’s, but otherwise using
Minster and Jordan's data for all other plate pairs.
As noted in the two previous studies, the location
of the Somalia-Africa—Antarctica triple junction
{on the Southwest Indian Ridge) must be assumed.
We obtained SO-AF poles at 66°N, 162°E and
27°N, 161°E for SO-AF-AN triple junctions at
5198, 29°FE and 44.5°8S, 40 °F respectively. These
poles, like Chase’s predict extension across the rift
valley. Thus, the differences in relative motion
along the East African rift between the Chase [23]
and Minster and Jordan [2] models can be ex-
plained by the data used for Arabia, as suggested
by Minster and Jordan {2].

Next, we attempted to use the F test to compare
the relative significance of the internal deforma-
tion of the Indian and African plates. We used the
Chase [23] dataset, in which the location of the
SO-AF boundary was implicitly fixed, since ali
data east of 40°F on the Southwest Indian Ridge
was deleted. The Indian plate deformation was
modeled by splitting the Indian plate into West
Indian (WI) and Australian (AU) plates, as was
done by Minster and Jordan [2}. It is unclear
where the boundary should be placed, or whether
the deformation is too diffuse to be modeled by
such a method

The results are shown in Table 5 and Fig. 4. As
noted by Chase [23], a model with an undivided
Indian plate but separate West African and
Somalian plates fits the data significantly better
than a model with an undivided African plate.
Alternatively, models with separate West Indian
and Australian plates and an undivided African
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TABLE S

Indian and African plate deformation

Number of Number X~ X ¥ F

plates of data
Chase global daraset
Combined Americas, AF-80, IN g 242 1086 (50 218
Combined AF-50, combined IN 10 242 819 038 215 234
Separate AF-50, combined IN Il 242 736 35 212 80 *
Combined AF-5Q, WI-AU 71°F 11 242 748 0.35 212 687"
Combined AF-80, WI-AU 75°E 11 242 760 036 212 58*
Combined AF-80O, WI-AU 80°E 11 242 758 036 212 37"
Combined AF-80, WI-AU 91°E 11 242 76.4 036 212 N
Combined AF-80, WI-AU 115° 8 11 242 76.5 0.36 212 50"
Combined AF-S0, WEAU 145°E 11 242 812 038 212 o™
Separate AF-80, WI-AU 7T1°E 12 242 630 030 209 7
Separate AF-S0, WILAU T5°E 12 242 629 0.30 209 120**
Separate AF.80, WILAU 80°E 12 242 62.8 030 209 120 **
Separate AF-S0, WILAU 91°E 12 242 64.0 031 209 104 **
Separate AF-80, WI-AU 98°E 12 242 64.3 0.31 209 101 **
Separate AF-50, WELAU 115°E 12 242 64.6 on 209 0
Separate AF-50, WE-AU 124°E 12 242 688 033 209 6.7 %
Separate AF-50, WI-AU 145°E 12 242 nag 034 209 I ¥ e

All models bul first have separate North and South Americas

* [ test relative to separate Americas, combined AF-S0, combined IN
** Ftest relative to separate Americas, separate AF-80, combined (N,

plate also reduce x but not as much as the model
with separate Somalian and West African plates,
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Fig. 4. Summary of results for splitting the indian and African
plates. In addition to separate West African and Somalian

plates, separate West Indian and Australian plates can be
resolved.

regardless of the location of the boundary between
the West Indian and Australian plates. Thus, any
attempt to determine the location of the West
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Fig 5. x* values for inversion of Chase [23] plobal relative
motion data using different locations of the West India-
Australia boundary. The model contained separate African and
Somalian plates.



Indian-Australian plate boundary should proba-
bly use a model including a Somalian plate.

For models including a separate Somalian plate,
the minimum value of x* occurs when the West
India—Australia boundary is placed at 80°E (Fig.
3). As the data are sparse, the minimum is broad
and the location is imprecise. However, the result
is generally consistent with the observation that
the Indian plate’s internal deformation extends
somewhat westward of the Ninetveast Ridge
[3-11], at least in the northern portions of the
plate. The AU-WI pole (5298, 27°E) is similar to
Minster and Jordan’s [2] and predicts the NW-SE
compression observed in earthquake mechanisms
near the Ninetyeast Ridge [4]. As for North
America~South America relative motion, conclu-
sive resolution of such a subtle boundary will
require more data than currently available.
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