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Abstract. We have developed two-dimensional spherical shell finite element models of elastic
displacements in the North America-Caribbean (NA-Ca) plate boundary zone (PBZ) in order to
quantify crust and fault motions in the PBZ. The models we derive are dependent on both the
internal fault constraints and the NA-Ca Euler pole we used. Since the location and magnitude
of the NA-Ca euler pole are still matters of much debate, we consider three Euler poles
[DeMets et al., 1990; Calais and Mercier de Lépinay, 1993; and Deng and Sykes, 1995]). We
compare the resulting finite element model displacements to recent seismicity and to geological
and geophysical field observations. The model of DeMets et al. [1990), NUVEL-1, features an
NA-Ca relative velocity across the PBZ which is less than the observed Cayman spreading axis
rate, and thus, the finite element model based on it produces fault motions which are incon-
sistent with observation. The Calais and Mercier de Lépinay [1993] (C&M), and Deng and
Sykes [1995] (D&S) models both yield far-field rates across the PBZ at the point of the Cay-
man spreading center of approximately 20 mm/yr, a value greater than the observed rate. The
greatest differences in the latter two models lie in the motion calculated for the area around
Puerto Rico. Both models feature a counterclockwise rotation of the PBZ around Puerto Rico
with opening of the Anegada Passage and compression at the Muertos Trough south of eastern
Hispaniola. The C&M-based model produces normal opening of the Anegada Passage fault
system, while the D&S-based model produces left-lateral transtension across the Anegada Pas-
sage fault system, the result of continuum crustal motions which are nearly orthogonal between
the two models in the area NE of Puerto Rico. We conclude that the C&M-based model better
matches geological observations of PBZ fault motions and deformation primarily on the basis
of the Anegada Passage results. Because of this rotation of the PBZ from Hispaniola to the
Anegada Passage fault system, the Puerto Rico Trench includes highly oblique compression in

its eastern portion, changing to pure left-lateral strike-slip NW of Puerto Rico. The C&M-
based finite element model agrees with preliminary GPS results from Hispaniola and Puerto
Rico if the central Septentrional fault is constrained to strike-slip motion.

Introduction

We have developed two-dimensional finite element models
of the North America-Caribbean (NA-Ca) plate boundary zone
(Figure 1) [Molnar and Sykes, 1969; Jordan, 1975; Sykes et al.,
1982; DeMets et al.,, 1990; Calais and Mercier de Lépinay,
1993; Deng and Sykes, 1995], and we analyze elastic solutions
to assess displacement rates and slip directions on the region’s
major faults. The models depend on both the relative motion
Euler poles for the two plates and on the geometries and con-
straints of faults within the plate boundary zone. Since there is
no definitive solution for the far-field NA-Ca Euler pole loca-
tion and rate, we must consider a suite of models with the same
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imposed fault geometries and slip constraints and evaluate the
poles by comparison of calculated and observed slip rates and
directions on plate boundary zone faults. The models predict
distributions of crustal motions throughout the NA-Ca margin,
and because they are elastic solutions, we can also compare
them directly with observed patterns of recent seismicity. An
evaluation of currently used Euler poles of the motions of this
plate pair is highly desirable because the location and magni-
tde of the NA-Ca Euler pole are still matters of debate [Jor:
dan, 1975; MacDonald, 1976; Minster and Jordan, 1978; Sykes
et al., 1982; Stein et al., 1988; DeMets et al., 1990; Calais and
Mercier de Lépinay, 1993; Deng and Sykes, 1995]. A strength
of our modeling approach is that we can consider a deformable
plate boundary zone (PBZ) which accommodates a variety of
distributed deformation patterns between two rigid plates. Thus
we have quantitative advantages over previous evaluations of
far-field NA-Ca rotation models which relied on rigid plate
rotations to assess a given model’s fit to PBZ geological obser-
vations [Heubeck and Mann, 1991].

We based our finite element models on three recent studies
of NA-Ca relative motion. The global plate motion velocity
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Figure 1. Tectonic map of the North America-Caribbean plate boundary zone. Major faults described in the
text are indicated, with the following abbreviated: MAT, Middle America Trench; MC, Mona Canyon; SPRFZ,

Southern Puerto Rico fault zone. PR, Puerto Rico.

model, NUVEL-1, of DeMets et al. [1990] is a *‘classical”
kinematic model obtained by inversion of available spreading
rates, transform fault and earthquake slip vector azimuths for an
ensemble of plate pairs, yielding a minimum summed error
solution for all plate pairs. NUVEL-1 is based on the assump-
tion that the transform faults bounding the Cayman spreading
center are pure strike-slip faults representative of instantaneous
NA-Ca motion. Although DeMets et al. [1990] used a Cayman
spreading rate derived from magnetic anomalies of 15 mm/yr
(based on Rosencrantz et al. [1988]) in their inversion, velocity
closure requirements predict only 12 mm/yr NA-Ca relative
motion at the Cayman spreading axis. Deng and Sykes [1995]
(D&S) used a least squares method to compute an NA-Ca Euler
pole from NA-Ca PBZ earthquake slip vectors and then calcu-
lated an angular rotation rate such that it produces 20 mm/yr
relative motion at the Cayman spreading center. They proposed
that the mean rate derived from Cayman Trough spreading
underestimates the full plate motion because of past or current
slip along presumed Cayman fracture zones, and that motion
directions based on Cayman transform faults may be unreliable
if deformation has modified their azimuths {Sykes et al.,, 1982].
Thus NUVEL-1 accounts for no distributed deformation in the
plate boundary, whereas the D&S model requires such distri-
buted shear to accommodate high far-field rates. The third
model we consider is that of Calais and Mercier de Lépinay
[1993], who calculated the surface strain of a given plate boun-
dary fault segment based on its obliquity to a suite of trial
Euler poles. They then compared these surface strains with a
model of surface strain along the plate boundary derived from
geologic observations and chose a best fit Euler pole from a
grid of trial poles. The magnitude of their Euler vector is cal-
culated to give an NA-Ca relative rate of 20 mm/yr at the Cay-
man spreading axis. The Swan Islands and western Oriente
faults lie on small circles about the NA-Ca Euler poles for all
three models. However, differences in Euler pole locations
predict differences in relative motion across the eastern portion
of the plate boundary zone. Thus the models compare the vari-
ous Euler poles predictions primarily for eastern plate boundary
deformation. The goal of this paper, however, is not to provide
a definitive resolution of the NA-Ca Euler pole parameters, but
instead to derive a model for continuum and fault motion
throughout the NA-Ca PBZ.

The North America-Caribbean Plate Boundary
Zone

We describe briefly the major faults of the NA-Ca plate
boundary zone (Figure 1). The westernmost portion of the
NA-Ca plate boundary zone is exposed onland in Central
America as the complexly deformed left-lateral Motagua-
Polochic fault system [Langer and Bollinger, 1979; Guzman-
Speziale et al., 1989], which comnects offshore to the Swan
Islands fault. Recent marine geophysical studies have shown
that the Swan Islands fault is a sharply defined pure strike-slip
fault along much of its trace, with the exception of one small
region of overstepping splays [Rosencrantz and Marn, 1991;
Mann et al, 1991]. Seismicity along the fault (Figure 2)
clearly indicates pure left-lateral slip. We infer from the sim-
plicity of Swan Islands fault structures and seismicity that the
fault is the plate boundary and that motion here is not distri-
buted across a wide zone as it is further east. The Swan
Islands fault terminates eastward at the southern end of the
Cayman spreading center, which has normal faulting earth-
quakes (Figure 2) and generates the magnetic anomalies of the
Cayman Trough [Rosencrantz et al., 1988]. The northern end
of the Cayman spreading axis terminates against the Oriente
fault, characterized by pure lefi-lateral strike-slip motions in its
portion west of Cuba (Figure 2). Oriente fault structures are
increasingly complex south of Cuba, where they include folds
and thrust faults [Calais and Mercier de Lépinay, 1991], and in
eastern Hispaniola, where several splays are active in a restrain-
ing bend [Mann et al., 1984; Russo and Villaserior, 1995]. In
particular, the Septentrional fault, the principal displacement
surface of the Hispaniola restraining bend, has been the locus
of very large magnitude mixed thrust and strike-slip earth-
quakes in recent times [Prentice et al, 1993; Russo and
Villaserior, 1995]. South of the Oriente fault, the southern edge
of the plate boundary zone is defined by the left-lateral strike-
slip Walton fault from the southeast end of the Cayman spread-
ing axis through Jamaica, where it is known as the Plantain
QGarden fault, to the Enriquillo fault, coincident with Haiti’s
southern peninsula [Burke et al., 1980; Mann et al, 1984;
Rosencrantz and Mann, 1991]. Between the eastern end of the
Enriquillo fault in southern Hispaniola and the western portion
of the Septentrional fault lies a zone of NW-SE trending thrust
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Figure 2. Earthquake focal mechanisms for selected earthquakes in the northern Caribbean region. Large
number adjacent focal mechanism is its depth, superscript is its reference source: a, Russo and Villaserior
[1995]; b, Molnar and Sykes [1969]; ¢, Harvard centroid-moment tensor solutions 1977-1993 (see Dziewonski et

al. [1981], for description).

faults, including the San Juan-Los Pozos fault zone, which
bounds the SW extent of thrusting [Mann et al., 1995].

From Hispaniola eastward, the number and complexity of
plate boundary zone structures increase again. The northern
NA-Ca plate boundary includes both the Puerto Rico Trench,
with active left-lateral strike-slip and normal faults {Molnar,
1977; Masson and Scanlon, 1991; Speed and Larue, 1991}, and
the 19 Degree fault, which also has normal displacement [Speed
and Larue, 1991]. The 19 Degree fault intersects the seismi-
cally active Mona Canyon graben [Speed and Larue, 1991;
Masson and Scanlon, 1991]. The southem reaches of the NA-
Ca plate boundary zone here are defined by the bathymetric
Muertos Trough, which is associated with sediments deformed
in a compressional tectonic environment [Ladd et al., 1977,
1981; Ladd and Watkins, 1978} and earthquakes indicative of
active underthrusting of Caribbean lithosphere beneath terranes
including eastern Hispaniola and Puerto Rico [Byrne et al.,
1985; McCann and Pennington, 1990; Masson and Scanlon,
1991]. South of Puerto Rico there is evidence that Muertos
Trough convergence decreases eastwards [Masson and Scanlon,
1991] with strike-slip motion (P. Jansma, personal communica-
tion, 1995) near its intersection with the confluence of the
Southern Puerto Rico fault system and the Anegada Passage
fault system. The Anegada Passage fault system cuts diago-
nally across the plate boundary zone and is the locus of normal
faulting andfor transtension [Jany et al., 1990]. The Puerto
Rico Trench is morphologically continuous with the
northeastern Lesser Antilles thrust, an active subduction zone
defined by seismicity to depths of 200 km [Molnar and Sykes,
1969; Tomblin, 1975; Stein et al., 1982; Sykes et al., 1982].

Several authors have proposed that distinct crustal blocks
exist in the eastern NA-Ca plate boundary zone. The eastern
Cayman Trough region between the Walton and Oriente faults,
extending into western Hispaniola, has been named the Gonave
Microplate by Rosencrantz and Mann [1991]. A sliver of the
northeast coast of Hispaniola, including the Cordillera Septen-
trional and the Samand Peninsula, is in motion relative to the
rest of the island [Mann et al., 1984; Russo and Villaserior,
1995]. The area of Puerto Rico and the Virgin Islands bounded
by the Mona Canyon, 19 Degree fault, Anegada Passage faults,
and the Muertos Trough has also been identified as a coherent
block [Byrne et al., 1985; Jany et al., 1990; Masson and Scan-
lon, 1991]. This area has been interpreted either as a counter-

clockwise rotating microplate [Masson and Scanlon, 1991] or a
tectonically escaping block [Jany et al., 1990]. The finite ele-
ment method is potentially useful in testing some of these
hypotheses because it can account for complex deformation pat-
terns, both as displacements on faults and continuum strain,
without imposing rigid block behavior.

Method

We use a finite element formalism which includes geologic
constraints to model the kinematics and deformation of the
NA-Ca plate boundary zone [Saucier and Humphreys, 1993;
Lundgren et al., 1995]. The finite element solution for a linear
elastic problem is expressed in the form of a weighted least
squares equation [Saucier and Humphreys, 1993]. The solution
minimizes the strain energy in the plate and provides estimates
for block deformation, motion, and fault slip rates everywhere
in the finite element array. A Monte Carlo technique is used to
interpret the sensitivity and uncertainties in the model due to
complexities in the data. For our application to the northern
Caribbean region, we solve for nodal displacements on an elas-
tic, two-dimensional (2-D) spherical shell with a plane stress
condition (G3=0). We use eight-node, biquadratic, iso-
parametric elements,

The crustal layer is modeled as a two-dimensional elastic
plate, cut by active faults. Faults are surfaces in which (1) only
the slip direction is constrained; (2) both the slip direction and
rate are known; or (3) both the direction and rate are uncon-
strained.  Fault slip data are implemented as described by
Melosh and Raefsky [1981], and introduce torque-free disloca-
tions in the continuum. Fault orientations are prescribed as
free-shear surfaces [Melosh and Williams, 1989].

Far-field displacements are imposed as boundary conditions.
For a spherical geometry, relative plate motions imposed at the
mesh boundary are calculated on the basis of a given boundary
node’s angular distance from the Euler pole. Likewise, the
overall orientation of the finite element mesh boundaries is con-
trolled by the Euler pole location, since we choose to have the
boundaries fall on either great or small circles relative to the
rotation pole. Thus, when we compare models based on
different poles, the locations of the mesh boundaries reflect
differences in pole location.

The most significant difference between this approach and
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the rigid plate model of Chase {1972], and its applications to
the n-plate problem by Minster and Jordan [1978] and DeMets
et al. [1990], is that we include deformable blocks. Unlike the
rigid plate inversion, local misfits between observed and
predicted motions are ‘‘absorbed’’ locally, rather than being
spread equally at all boundary locations of adjacent plates.
Spatially close parameters are more highly correlated than dis-
tant ones, yet the overall solution is that which is closest to the
rigid plate model.

In the finite element approximation the displacements u(x,y)
= u® = N®{¢ are calculated from the nodal displacements for
the element {° through the matrix of interpolation functions
N¢ [Zienkiewicz and Taylor, 1989]. For Hooke’s material with
no residual stresses (G = 0) and no initial strains (€9 = 0), the
constitutive property for a linear isotropic elastic medium is

o= De ¢9)

where D is a matrix containing Lamé’s coefficients in the
plane stress approximation. Thus the strain on a spherical shell
is

€p
E= | & | =
28941,‘
d
-0 0 r
1 d 1 9 0 0 |||ug
- 0 e e | cotd 0 =
R 1 9 S"‘ea a0 L 0 —coe]| M
sin® o )
Su = SN{ = B{ . )

where (0, ¢) are the colatitude and longitude, respectively, and
R is the radius of the shell (radius of the earth). For an elastic
body in equilibrium, we use a variational principle to solve for
the minimum in the potential energy with respect to small nodal
displacements. For a given element, e, the elastic strain energy
is
1 .
Ut = ~ | eTodQ 3)
Q¢
and using Hooke’s law (1),
e 1 T - 1 e Tpe Tnene re
Ut =—JeDedQ= =) "B 'D°B°L* dQ (4)
2 2 2 €
Q Q
where €)¢ is the element volume. For a boundary traction vec-

tor t applied on the boundary of the element, the potential
energy of the applied boundary stress is

ve = Juteds = -J[nee [eas )
N N

where S is the surface of the element. Summing (4) and (5)
and minimizing the total energy of the body under load with
respect to small variations in {;, we get the standard finite ele-
ment equation

K{=f (6)
where

K = [B*TD*B* dQ 0
Qf
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defines the element stiffness matrix and

= fNe Tt ds ®)
S

defines the element force vector. The global stiffness matrix K
is assembled from K° and is solved for by Gaussian integra-
tion. Displacement boundary conditions and fault slip data
(split modes) enter into (8) which reduces the rank to the
number of degrees of freedom. A sufficient condition for K to
be inverted is that the translation and rotation for each element
are constrained so the solution { = KIf exists.

We calculate uncertainties in the model predictions via a
Monte Carlo method to construct the probability distribution for
the deformation everywhere. This is computationally efficient
since the kinematic data enter the model in the force vector f,
so the stiffness matrix K is inverted only once. Histograms are
constructed from typically 1000 computational runs, allowing
the standard deviation to be calculated.

Models and Constraints

We create finite element models whose mesh orientation and
far-field plate rates are based on three determinations of the
NA-Ca rotation pole [DeMets et al., 1990; Calais and Mercier
de Lépinay, 1993 (C&M); Deng and Sykes, 1995]. In our
models we use the following material properties: Youngs
modulus, 7x10'° Pa; Poisson’s ratio, 0.25; which enter into the
D matrix in equation (1) [see Zienkiewicz and Taylor, 1989].
In defining the faults in the mesh, we left fault slip uncon-
strained except when slip direction and/or magnitude are known
from geologic or seismic evidence. We prescribed the Cayman
spreading center to normal spreading at a rate of 16 mm/yr
[Rosencrantz et al., 1988]. We required normal convergence at
the full NA-Ca relative motion rate along the Lesser Antilles
thrust. The Walton and Plantain Garden-Enriquillo faults are
modeled as strike-slip faults, as indicated by marine geophysi-
cal and field data [Burke et al., 1980; Mann et al., 1984, 1995;
Rosencrantz and Mann, 1991]. We model the Muertos Trough
with normal convergence in its western portion (Figure 2), and
left-lateral strike-slip motion along its easternmost portion (P.
Jansma, personal communication, 1995).

Figures 3, 4, and 5 show the finite element meshes for the
NUVEL-1-based, D&S-based, and C&M-based models, respec-
tively. Each mesh is based on an oblique Mercator projection
about the Euler pole, but shown in the figures on a Mercator
projection about the Earth’s spin axis. In these plots the long,
sublatitudinal northern boundary of the mesh is a small circle
about the NA-Ca relative rotation pole, and are lines of con-
stant relative motion. Variations in the relative rate along the
sublongitudinal eastern and western boundaries of the meshes
are proportional to Sin@, where 6 are the colatitudes from the
Euler pole. All models have the same boundary conditions and
fault constraints: free-slip along the top and bottom of the NA
plate; right and left sides of the NA plate rotate at the rate
prescribed by their distance from the pole; left and bottom sides
of the Caribbean plate are fixed.

Discussion

The NUVEL-1-based model (where mesh orientation and
far-field boundary rates are based on the NUVEL-1 model of
DeMets et al. [1990]; see Figure 3) is the only model which
clearly does not fit the observed left-lateral motion along the
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Figure 3a. NUVEL-1 [DeMets et al., 1990] based model: finite element solution plotted on a Mercator projec-
tion in geographic coordinates. Solid arrows show the calculated motions at the center of each element with its
length proportional to its magnitude, with the magnitude value printed next to each arrow. The mesh is plotted
as a Mercator projection in geographic coordinates. Also shown are the model fault node constraints: 0 degrees
of freedom (dof), split node constrained in direction and magnitude; 1 dof, free slip fault node constrained paral-
lel to a prescribed direction only; 2 dof, unconstrained fault node. The shading of each element shows the stan-
dard deviation in rate for each element after 1000 Monte Carlo runs.
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Figure 3b. NUVEL-1 [DeMets et al., 1990] based model: fault rate solution showing the magnitude and sense
of motion at fault nodes lying at the middle of element sides.
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Figure 4a. Deng and Sykes [1995] based model: calculated motions at the center of each element (see Figure
3a for explanation).

Walton-Plantain Garden-Enriquillo fault system [Mann et al, This illustrates how localized the effects of fault constraints are
1995] and the observed compression at the Jamaica restraining in the finite element solution.

bend (Burke et al. [1980]; Fig. 2 focal mechanism). This is not Displacements calculated from both the C&M and D&S
unexpected given that its far-field NA-Ca rate is less than the Euler poles reproduce the major observed characteristics of the

observed Cayman spreading rate. Despite this, we note how NA-Ca plate boundary zone (Figures 4 and 5). Each model
similar the NUVEL-1-derived motion patterns are in the eastern

PBZ when compared to the results of the other two models.

Relative fauit motion (mm/yr)
P tirust

-  normal

.
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Figure 4b. Deng and Sykes [1995] based model: fault rate solution (see Figure 3b for explanation).
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Figure 5a. Calais and Mercier de Lépinay {1993] based model: calculated motions at the center of each ele-
ment (see Figure 3a for explanation).
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Figure 5b. Calais and Mercier de Lépinay [1993] based model: fault rate solution (see Figure 3b for explana-
tion).
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Figure 6. Preliminary GPS site velocity vectors and their 95% confidence ellipses with respect to site TURK in
the Bahamas on stable North America plate for two occupations in 1986 and 1994 from Farina et al. [1995].

produces left-lateral strike-slip motion along the Swan Islands
fault system and at the western ends of the Oriente and Walton
faults, where these faults intersect the Cayman spreading center.
In fact, the two models predict low-velocity left-lateral strike-
slip displacements (1-3 mm/yr) on the Walton-Plantain
Garden-Enriquillo fault system. Motions in the vicinity of
Jamaica are clearly wanspressive in the restraining bend of this
fault system. Along the Puerto Rico Trench, displacements
evolve from highly oblique compression east of Puerto Rico to
increasing strike-slip north and west of the island. In these
models, we have left the motion on both the Septentrional and
the offshore continuation of the Puerto Rico trench fault system
northeast of Hispaniola unconstrained; the Septentrional evolves
from transtension at the 19 Degree fault to transpression at its
western end, but the offshore Hispaniola fault system is
predominantly thrust. Western Hispaniola is undergoing active
compression as evidenced by anticlinal mountains and uplifting
coral reefs, while eastern Hispaniola shows no uplift [Mann et
al., 1995]. At the western end of the offshore Hispaniola fault
system north of Haiti there is evidence for predominantly
compressive structures {Dillon et al, 1992]. What the exact
partitioning of motion is between these two faults is not clear
from geologic studies. The along-strike evolution of slip along
the Septentrional fault predicted by our models is consistent
with the gross sense of coastal uplift in the west and no uplift
in eastern Hispaniola. Inclusion in the mesh of the San Juan-
Los Pozos fault, striking NW-SE from the western Septen-
trional to the eastern Enriquillo fault, in central Hispaniola
gives slow thrust motion from 1-4 mm/yr along its length, con-
sistent with field observations [Mann et al., 1995].

The C&M-based and D&S-based models differ most
significantly in the easternmost PBZ between Puerto Rico and
the Anegada Passage fault system. Morphology, bathymetry,
and seismicity indicate that the Anegada Passage fault system is
an actively extending graben [Murphy and McCann, 1979;
Frankel et al., 1980; Jany et al., 1990; Masson and Scanlon,
1991; Speed and Larue, 1991]. The Anegada Passage exten-
sion direction is not well constrained by earthquake focal
mechanisms; however, evidence for a right-lateral component
along the fault system has been proposed based on bathymetry

and seismic reflection profiles [Jany et al., 1990]. Northwest of
the Anegada Passage, the C&M-based model yields northwest
directed crustal motions and strongly normal displacements
across the Anegada Passage fault system. The middle portion
of the Anegada Passage fault system (the Anegada Passage
proper) has a slight right-lateral component to it, in keeping
with the marine geophysical evidence of Jany et al. [1990], and
similar to the block rotation model for the PBZ around Puerto
Rico of Masson and Scanlon [1991]. In contrast, the D&S-
based model gives WSW crustal motions with strongly left-
lateral transtensional displacements across the Anegada Passage
fault system. In both models the slip rate across the Anegada
Passage fault system decreases greatly from NE to SW; at its
termination near the eastern end of the Muertos Trough, both
models indicate increasing degrees of compression. The latter
is not surprising given the fault slip direction constraints of
strike-parallel and strike-normal motion across the eastern and
western Muertos Trough, respectively, based on earthquake
focal mechanism slip directions.

Preliminary Global Positioning System (GPS) results have
been determined between several sites in Cuba, Hispaniola, and
Puerto Rico with respect to Grand Turk Island in the southern
Bahamas (Figure 6) [Farina et al., 1995]. We briefly compare
these motion estimates with our C&M-based model results.
Figure 7 shows the C&M-based model continuum velocities
with North America fixed. Given the large uncertainties in the
GPS solutions, the agreement between the C&M-based model
and the GPS is quite good. The only major discrepancy we
observe between the GPS-derived velocities and our calcula-
tions is in the coastal sliver of NE Hispaniola, where our con-
tinuum velocities are directed to the NE and the GPS site
FRAN has ESE directed motion. If we impose pure strike-slip
motion on the central portion of the Septentrional fault, we find
a solution (Figure 8) in which the crustal motion at FRAN is
ESE-directed. This transfers a tensional component on the SE
Septentrional fault system to faults off the NE coast of
Hispaniola, resulting in left-lateral strike-slip motion on both
fault systems. While faulting NE of Hispaniola is often con-
sidered to have a significant compressional component, large-
magnitude, left-lateral strike-slip events like the August 8, 1946
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Figure 7. Calais and Mercier de Lépinay [1993] based model
(inset of Puerto Rico area): calculated motions at the center of
each element (see Figure 3a for explanation). This is the same
solution as Figure 5a but with the North America plate held
fixed so that the continuum velocity vectors can be compared to
Figure 6.

event which occurred offshore NE Hispaniola [Russo and
Villaserior, 1995], and the overall lack of significant uplift in
eastern Hispaniola over the last 125 Ka [Mann et al., 1995] are
consistent with the solution shown in Figure 8. Evidence for a
component of crustal shortening along the eastern Septentrional
fault as revealed by large earthquakes in 1946 [Russo and
Villaserior, 1995] are inconsistent with both solutions (Figures 7
and 8) and may reflect the limitations of our two-dimensional
modeling of an area of the PBZ that exhibits both vertical and
horizontal strain partitioning in the restraining bend.

Conclusions

We formulated three finite element models of displacements
in the NA-Ca plate boundary zone based on the most recent
relative motion models [DeMets et al., 1990; Calais and Mer-
cier de Lépinay, 1993; Deng and Sykes, 1995]. The NUVEL-1
model produces relative motions on the Walton-Plantain
Garden-Enriquillo faults on the southern side of the plate boun-
dary zone which are inconsistent with their observed sense of
motion. Both the Calais and Mercier de Lépinay [1993] and
Deng and Sykes [1995] based finite element models produce
rates and patterns of motion which, though different in their
continuum motions in the far field, are very similar across most
of the major faults in the PBZ. These two models differ most
significantly to the east of Puerto Rico and at the Anegada Pas-
sage fault zone. Here, the C&M-based model produces normal
motion with a slight component of right-lateral slip along the
Anegada Passage itself, consistent with marine geophysical data
[Jany et al., 1990]. By contrast, the D&S-based model pro-
duces left-lateral transtension. Based on these differences, we
conclude that a Euler pole such as that of Calais and Mercier
de Lépinay [1993], which features more strike-parallel relative
plate motions along the eastern PBZ yields fault motions in
better agreement with observations. Qur displacements based
on C&M indicate that the Puerto Rico Trench includes highly
oblique compression in its eastern portion, changing to pure
left-lateral strike-slip north of Puerto Rico. The region around
Puerto Rico rotates counterclockwise with N-S extension along

1dof Bt Dev. In magnitude

—#:wom

(b)

Figure 8. Calais and Mercier de Lépinay [1993] based model
(inset of Puerto Rico area): (a) calculated motions at the center
of each element (see Figure 3a for explanation). This is the
same as Figure 7 but with the added constraint that the central
Septentrional fault be sirike-slip. This produces continuum
motions more consistent with the GPS results shown in Figure
6. (b) Fault rate solution (see Figure 3b for explanation).

the Anegada Passage fault system. The finite element models
indicate that NA-Ca relative motion is partitioned as displace-
ment along faults and as continuum deformation (including
rotation) throughout the NA-Ca plate boundary zone. Qur
results are in good agreement with preliminary GPS results
[Farina et al., 1995], if we constrain the central Septentrional
fault to left-lateral strike-slip motion.
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