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Abstract 

Pindell, J.L.. Cande. SC.. Pitman III. W.C.. Rowley. D.B.. Dewey, J.F.. LnBrecyue. J. and Haxhy. W.. 19%. A 
plate-kinematic framework for models of ~aribhean evolution. In: C.R. Scotesc and W.W. Sager (Editors). 
Mesozoic and Cenozoic Plate Rccol~structions. Te~ton/~~J~~sz~.s. 155: 121- 13R. 

We define the former relative positions and motions of the plates whose motions have controlled the geological 
evolution of the Caribbean region. Newly determined poles of rotation defining the approximate spreading histories of 
the central North and the South Atlantic oceans are given. For the late Jurassic-Early Cretaceous anomaly sequence of 
the central North Atlantic. we have used previously published * definittons of fracture-zone traces and magnetic 
anomaly picks. redetermining the pole positions and angular rotations for various isochrons on an Evans and 
Sutherland interactive graphics system. For magnettc anomalies younger than the Cretaceous Quiet Period in hoth 
oceans. we (1) used Seasat altimeter data to help define fracture-zone traces. and (2) Identified and used marine 
magnetic anomalies to determine the positions of spreading isochrons along the flowlines indicated by the fracture 
z.ones. By the finite difference method, the relative paleopositions and the relative motion history hetween North and 
South America were computed. This analysis defines the size and shape (and the rate at which the stze and shape 
changed) of the interplate region between North and South America since the Middle Jurassic. Thus. a plate-kinematic 
framework is provided for the larger plates pertaining to the Carihhean region, in wshich can he derived more detailed 
scenarios for Gulf of Mexico and Caribbean evolution. 

North and South America diverged to approximately their present relative posttions from Late Triassic? to Early 
Campanian (about X4 m.y. ago) time. This is the period during which the Gulf of Mexico and a Prom-(‘arthbcan 
seaway were formed. Since the Campanian, only minor relative motion has occurred; from Early Campanian through 
to Middle Eocene times, South America diverged only another 200 km, and since the Middle Eocene, minor N--S 
convergence has occurred. These very minor post-Early Campaman motions have probably heen accommodated by 
imperfect shear and compression along the Atlantic fracture zones to the east of the Lesser Antilles. and along the 
northern and southern borders of the Caribbean Plate. Accordingly. it IS suggested that from Campaman time to the 
present, the relative motions between the North and South American plates have had only minor effects on the 
structural development of the Caribbean region. 

Primarily using the data of Engebretson et af.* *, the convergence history of Pacific plates with North Amertca \vits 
calculated for two points near the western Caribbean. By comp~etlng finite difference >ohttions, the convergence history 
of the Pacific plates with the Caribbean and South PImerican plates can be approximated. The direction and rate of 
convergence of the Pacific plates with the Americas may have controlled the style of subduction and possthle 
mrcroplate migration along the North American. South American and western Caribbean boundaries that define the 
ea>tern Pacific plate margin. 

* Klitgord and Schouten (1987). 
** Engehretson (1982); Engehretson et al. (1985). 
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Inlroduetion 

If two continents are separated by an ocean 
which has opened by seafloor spreading between 
them, former relative positions of the continents 
can be determined by finite plate rotations that 
realign continental margins and magnetic anomaly 
pairs of equal age, along flowlines defined by 
fracture-zone traces. The relative motion history 
of the two ~ntinents may then be determined by 
tracing the trajectory of one continent, relative to 
the other, through the successive relative positions 
throughout the spreading history of the interven- 
ing ocean (Pitman III and Talwani, 1972). 

In the case of the relative motion history of 
North and South America, however, a simple 
two-plate analysis as outlined above cannot be 
employed. This is because oceanic crust of the 
Caribbean Plate was not formed in its present-day 
location and was probably not formed by the 
separation of North and South America. There- 
fore, former positions of South America, relative 
to North America, are best determined by finite 
difference solutions at various times for the three- 
plate system of South America, Africa and North 
America (Ladd, 1976). The history of seafloor 
spreading for both the central North and the 
South Atlantic Oceans, which did form in place, 
can be documented, and, from these, the paleopo- 
sitions and the relative motion history of North 
and South America can be computed. As with a 
two-plate system, the relative motion history of 
North and South America may be portrayed by 
trajectories, or flowlines, through points repre- 
senting the relative positions through time. 

The relative positions of North and South 
America constrain Gulf-Caribbean evolutionary 
models by defining the size and shape of the 
Gulf-Caribbean interplate realm at stages through 
time. In contrast, the relative motion history vec- 
tor defines the direction and the rate of change in 
the size and shape of this realm. Thus, the relative 
motion vector directly defines the nature of any 
North America-South America plate boundary 
through time. For example, periods of plate diver- 
gence, as shown by the relative motion vector, 
would suggest seafloor spreading at a particular 
rate at an intervening mid-ocean ridge system 

whose transforms roughly parallel the separation 
direction. Likewise, a period of no relative motion 
would suggest the absence of a North 
America-South America plate boundary for that 
period. However, these deductions are not ah- 
solute: motions at combinations of‘ plate 
boundaries may sum to equal the net motion 
indicated by the relative motion vector, and such 
complications must be inferred from the rock re- 
cord. 

Previous assessments of the relative motions of 
North America, South America and Africa through 
time (Ladd, 1976; Sclater et al., 1977; Pindell and 
Dewey, 1982) provided roughly similar trajector- 
ies, (see Pindell and Barrett (in press) for compari- 
sons), yet differed in detail due to differing data 
sets and assumptions used. The present study is an 
update of the earlier studies; up-to-date magnetic 
records and the integration of the Seasat altimeter 
data to help define fracture zones have provided a 
comprehensive analysis of the relative motions of 
the major plates. 

Other plates whose motions are important to 
the evolution of the Gulf-Caribbean region are 
the dominantly oceanic plates of the Pacific. The 
direction and rate of convergence of these plates 
with the Americas may have controlled the styie 
of convergence at, and possible microplate migra- 
tions along, the Pacific subduction systems of the 
Americas and the Caribbean Plate. These plates 
are the Farallon Plate for the Cretaceous and 
Paleogene, and the Cocos and, to a lesser degree, 
the Nazca plates for the Neogene and Quaternary. 
The Cocos is partly a remnant of the Farallon 
Plate; the two plates were separated by subduc- 
tion of a section of the Farallon-Pacific ridge and 
transform system beneath California in the Mid- 
dle Tertiary (Atwater, 1970). This separation, and 
the Early Miocene initiation of seafloor spreading 
at the Galapagos Ridge (Klitgord and Mam- 
merickx, 1982; M~e~c~ and Khtgord, 1982). 
have resulted in differing motions of the Farallon 
(now largely subducted beneath western North 
America) and Cocos plates relative to North 
America since the Early Miocene. Other Pacific 
oceanic plates may have interacted with the 
Americas during Late Triassic to Early Cretaceous 
time: unfortunately, these cannot be identified 



with the existing knowledge of Pacific plate mo- 
tion history. 

In the sections below, the opening histories of 
the central North and the South Atlantic oceans 
are defined, and the relative motion history be- 
tween North and South America (in fifteen incre- 
ments) is computed and interpreted. In addition, 
the convergence history between the Farallon and 
North American plates is approximated for two 
points lying in the western Caribbean area, using 
data from Engebretson et al. (1985). We close by 
presenting four paleogeographic reconstructions 
of the Caribbean region for the Late Cretaceous 
and Cenozoic which show the relative eastward 
advance of the Caribbean Plate during this time 
and which are constrained by the plate kinematics 
of the larger plates, defined earlier. 

South America relative to Africa 

To determine the relative motion history of the 
South Atlantic, some assumptions and approxima- 
tions must be made, particularly in regard to the 
early period of spreading before anomaly 34 (Early 
Campanian). In the classic “least-error fit” be- 
tween Africa and South America (Bullard et al.. 
1965). the two plates are assumed to have 
maintained torsional rigidity (i.e., not to have 
changed shape) during and after rifting. Recent. 
more detailed closure reconstructions of the South 
and Equatorial Atlantic oceans, however, suggest 
that a proper fit cannot be achieved without intei- 
nal deformation to either or both the African and 
South American plates (Pindell and Dewey, 1982; 
Klitgord et al., 1984; Pindell, 1985a; Klitgord and 
Schouten, 1987). It seems that initiation of seafloor 
spreading in the southern South Atlantic (earliest 
Ctetaceous) preceded that in the Equatorial 
Atlantic (Aptian-Early Albian) by 15-20 m.y. 
Two possible explanations seem likely: (I) that 
rifting in the South Atlantic migrated northwards 
and entered central Africa (a combination of ex- 
tension and sinistral strike-slip in the Benue 
Trough and other rift structures) prior to jumping 
to the site of the Equatorial Atlantic, or (2) that 
the equatorial margins of northeastern Brazil and 
the Guinea coast of Africa experienced relative 
dextral shear for 15-20 m.y. as the southern part 

of the ocean began to open. Evidence for both 
exists: For the former, the central African rift 
system developed during Early-Middle Creta- 
ceous time (Burke and Dewey, 1974; Benkhelii. 
1982: Pindell and Dewey, 1982) synchronous with 
the opening of the southern South Atlantic 
(Rabinowitz and LaBrecque. 1979); for the latter. 
Neocomian basaltic dikes and some pre-Aptian 
faults occur along the Equatorial Atlantic margins 
(McConnell. 1975). Unfortunately, the relative 
magnitudes of the two modes of deformation can- 
not be assessed at present, but the latter mode is 
constrained to a minimum by the absence of com- 
pressional structures in the Demerara Rise and 
Guinea Plateau which would have developed dur- 
ing such dextral shear. Because of the far greater 
evidence for crustai deformation witnessed in 
central Africa, we may only infer that this de- 
formation dominated the other. We have chosen a 
time of initial divergence in the Equatorial Atlantic 
(rifting followed by seafloor spreading) of about 
119 Ma (Early Aptian and magnetic anomaly MO), 
and assume that little or no significant motion 
occurred across the site of the Equatorial Atlantic 
until that time. An Aptian age for the initiation of 
divergence in the Equatorial Atlantic is perhaps 
indicated by the Aptian? age of the basal redbed 
sequences in the Brazilian marginal basins (Asmus 
and Ponte, 1975; Ojeda, 1982). and by the ap- 
parent absence of reflectors representing the 
Neocomian (pm-Aptian Cretaceous) in the seismic 
stratigraphy of the Sierra Leone Basin south of the 
Guinea Fracture Zone in the eastern Atlantic 
(Jones, 1987). 

If we accept that no significant motion oc- 
curred across the Equatorial Atlantic until a 
specific time that postdates the early opening of 
the central North Atlantic, then the relative mo- 
tion history of North and South America during 
Jurassic and earliest Cretaceous time may be de- 
fined by the two-plate system of North America 
and North Africa-South America. Thus, the mag- 
netic anomalies and fracture-zone traces of the 
central North Atlantic are sufficient to define this 
early history. Further. if an Aptian or later age 
defines the initiation of true divergence in the 
Equatorial Atlantic. as is assumed here, then the 
Early fretaceous sequence of magnetic anomalies 
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(Ml0 to MO) in the South Atlantic Ocean bears no 
influence upon the relative motion between North 
and South America. Anomaly 34 (Early 
Campanian, 84 Ma) then. is the oldest magnetic 
anomaly in the South Atlantic that helps to con- 
strain North and South American relative motion. 

Following the opening the Benue Trough, the 
accumulated sediments in the trough were folded 
and cleaved prior to the Campanian (Burke and 
Dewey, 1974; Benkhelil. 1982) indicating a sec- 
ond compressive phase of internal deformation. 
However, the earlier extension and strike-slip in 
the Benue Trough must have dominated the subse- 
quent compression because the misfit in the South 
Atlantic closure reconst~ct~on is still preserved. 
Post-Santonian sediments in the southern Benue 
Trough are relatively undeformed (Benkhelil, 

1982). and we assume that no further significant 
internal deformation of Africa occurred from 
Campanian time (anomaly 34) onward. although 
some Maastrichtian folding occurred in the north- 
ern Benue Trough (Benkhe~f, 1982). Thus. the 
record of seafloor spreading in the South Atlantic 
starting at anomaly 34 (Campanian), which is also 
the oldest anomaly that can be used, can provide 
accurate reconstructions of the South American 
and African plates since that time. 

The relative motion between northern Africa 
and South America from Aptian to Campanian 
time cannot be directly assessed from magnetic 
data because of the Cretaceous Quiet Period. The 
rate of seafloor spreading could have varied dm- 
ing this 35 m.y. span, and the initial trends of long 
transform faults between short ridge segments 

EARLY CRETACEOUS 

-_ 

APTIAN 
__--” /’ __ 

/ 
NORTHWEST AFRICA 

Fig. I. Simple model for the reconstruction and early opening of the South Atlantic Ocean (modified after Pindell and Dewey, 1982). 
incorporating the Equatorial Atlantic fit of Pindell (1985a). Rotation parameters defining equatorial closure in both reconstructions: 
Lat. = 52.08°, Long. = - 34.03O, rotation angle = 51.39”. Note straight alignment of the western Guinea Plateau and Demerara 
Rise. Closure reconstruction of the southern South Atlantic after Rabinowik and LaBrecque (1979). Cretaceous rifting propagated 
northwards and initially entered central Africa, forming the central African basins rather than the Equatorial Atlantic. Early 
Cretaceous basins (I-25) include, respectively, the Pemambuco, the Sergipe Alagoas, The Tucano Reconcavo, the Jequitinhonha, the 
Espirito Santa, the Campos, the Santos, the Pelotas, the Saiado, the Colorado, the Gabon, the Congo, the Cuanza, the Mossamedes 
and the Grange Mouth. Africa was deformed to approximately its present shape by Aptian? time when rifting jumped to the site of 
the Equatorial Atlantic. Aptian reconstruction shows both continents in their present shapes. Middle Cretaceous basins (16-22) 
include, respectively. the Lower Amazon, The Sao L&s, the R~e~~~, the Piaui-Cuara, the Potiguar, the Dahomey and the Ivory 

coast. 



could have been altered or obliterated by the 
passage of African or South American continental 
crust along the then juvenile oceanic crust. The 
anomaly 34 reconstruction in the South Atlantic 
serves as the ending point in this phase of poorly 
defined relative motion across the Equatorial 
Atlantic, and a continental reconstruction (pre- 
Aptian) of the Equatorial Atlantic must serve as 
the starting point. The pre-Aptian Equatorial 
Atlantic reconstruction used here is that suggested 
by Pindell (1985a), and is incorporated into the 
reconstructions of Fig. 1. This Equatorial Atlantic 
fit is preferred to the similar but tighter Aptian fit 
of Rabinowitz and LaBrecque (1979) because that 
fit appears to overlap areas of Precambrian base- 
ment between Africa and the section of Brazil that 
is north of the mouth of the Amazon. It should be 
noted that several studies of continental reassem- 
bly (Pindell and Dewey, 1982; Klitgord et al., 
1984; Mascle et al., 1986; Klitgord and Schouten, 
1987) have used the tight fit of Rabinowitz and 
LaBrecque (1979). Having a lack of evidence to 
the contrary, we have assumed a constant spread- 
ing rate from the initial opening of the Equatorial 
Atlantic (the Aptian reconstruction of Fig. 1) to 
the fit at anomaly 34 time (defined by magnetic 
data along most of the South Atlantic), so that 
intermediate positions may be roughly inter- 
polated. 

To determine the paleopositions of South 
America and Africa through time, we have used 
the data set (magnetic anomaly picks and frac- 
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ture-zone traces) of Cande et al. (1986, 1988). The 
data set included Lamont-Doherty’s 1986 marine 
magnetic records and Seasat altimetry data to 
augment the bathymetric traces of South Atlantic 
fracture zones. In Table 1, stage and total finite 
poles and angles of rotation are given for South 
Atlantic anomalies 34. 32. 25. 21. 13, 6 and 5. 
Note that the MO rotation parameters describe the 
equatorial closure reconstruction, and not the MO 
anomaly reconstruction in the southern South 
Atlantic. Individual stage poles in Table 1 were 
determined on an Evans and Sutherland interac- 
tive graphics system. and total finite rotations 
have been computed from these. 

North America relative to Africa 

The magnetic anomalies and fracture-zone 
traces of the central North Atlantic (between the 
eastern United States and West Africa) subse- 
quent to the Cretaceous Quiet Period have been 
reassessed (Pindell, 1985b; Cande and Helman, in 
prep.). Lamont-Doherty’s 1986 marine magnetic 
data files were used to identify magnetic anoma- 
lies, and SEASAT altimetry data were used to 
help interpret the bathymetric traces of the Oce- 
anographer, Atlantis, Kane. Vema and 15”20’ 
fracture zones out to the Cretaceous quiet zones. 
For Jurassic-Early Cretaceous time (Blake Spur 
magnetic anomaly (BSMA) and anomalies M25, 
M21. M16, Ml0 and MO). we have used data 
(magnetic anomaly picks and fracture-zone traces) 

TABLE 1 

Rotations parameters. South America with respect to Northwest Africa * 

Anomaly Age (Ma) Stage poles Total finite poles 

Lat. Long. Angle Lat. Long. Angle 

5 10.0 59.46 - 37.89 3.13 59.46 - 37.89 3.13 
6 20.0 60.63 - 38.44 3.93 60.12 - 38.15 7.07 

13 35.0 53.85 - 29.01 6.35 57.09 -. 33.78 13.39 
21 49.0 57.67 - 26.18 5.72 57.17 - 31.49 19.10 
25 59.0 78.53 - 52.64 3.40 60.53 - 31.64 22.28 
32 72.0 74.63 - 67.05 4.55 63.58 - 33.76 26.62 
34 84.0 55.95 - 30.86 6.98 61.95 - 33.84 33.56 
Equat. fit = 119.0 61.95 - 33.84 17.83 52.08 - 34.03 51.39 

- 
Positive latitudes and longitudes are degrees north or east. Positive rotation angles are counterclockwise rotations looking down at 
the pole. * *. ,ming Northwest and Southern Africa were a single plate from anomaly 34 on. 
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TABLE 2 

Rotation parameters. Northwest Africa with respect to North America 

Anomaly Age (Ma) Stage poles 

Lat. Long. Angle 

Total finite poles 
____-___ 

Lat. Long. An&c 

5 10.0 

6 20.0 
13 35.0 
21 49.0 
25 59.0 
32 72.0 
34 84.0 
MO 119.0 
Ml0 130.0 
Ml6 142.0 
M21 150.0 
M25 156.0 
BS - 165.0 
COB = 180.0 
Fit (LT) = 190.0 

79.50 55.55 - 2.29 79.50 
- 79.83 - 158.87 2.94 80.06 
- 65.75 157.96 5.10 74.40 
- 78.86 - 148.52 4.48 76.43 
- 87.33 86.24 3.86 79.20 
- 87.12 56.86 4.47 81.47 
- 64.74 140.21 6.94 77.63 
- 54.64 148.36 26.14 66.29 
- 55.45 177.59 3.10 66.08 
- 66.74 176.10 2.23 66.24 
- 69.39 171.75 2.32 66.42 
-61.49 - 147.67 2.94 67.11 
-67.11 153.52 7.04 46.78 
- 66.78 155.80 3.05 66.44 
- 66.40 155.90 0.50 66.39 

55.55 
36.37 

- 4.06 
3.64 

- I .41 
- 7.31 

- 18.93 
- 20.88 
- 19.02 
- 18.58 
- la.45 
- 16.48 
- 14.20 
- 14.10 
- 14.08 

~- 2.29 
-- 5.22 

- 10.15 
- 14.59 
-1X.36 
- 22.74 
- 29.40 
- 54.37 
--- 57.38 
- 59.59 
-61.91 
.- 64.64 
- 71.68 
- 74.73 
- 75.23 

Positive latitudes and longitudes are degrees north or east. Positive rotation angles are counterclockwise rotations looking down at 
the pole. 
BS = Blake Spur magnetic anomaly; COB = continent-ocean boundary; LT = Late Triassic. 

kindly provided by K. Klitgord and H. Scbouten 
(Klitgord and Schouten, 1987). 

Stage poles and rotation angles have been de- 
termined for each consecutive pair of central North 
Atlantic anomalies on an Evans and Sutherland 
interactive graphics system, and, from these, total 
finite rotations for every anomaly have been com- 
puted. Table 2 lists the rotation parameters that 
reconstruct the indicated pairs of magnetic 
anomalies, thereby defining the spreading history, 
of the central North Atlantic Ocean. 

South America relative to North America 

Table 3 shows rotation parameters defiqing- the 
propositions of South America relative to North 
America, calculated by finite difference solutions 
from the pole parameters in Tables 1 and 2. Using 
the poles in Table 3, Fig. 2 shows the former 
positions, relative to North America, of four 
points, three of which presently lie along the South 
American coastline and one of which lies on the 
Barracuda Ridge (possibly within the present 

Fig. 2. Trajectories of four points representing South America relative to North America following rotation parameters defined in 
Table 3. Most points are labelled with magnetic anomaly isochrons. U-Late Triassic @e-rift closure, shown with dashed liner; 
COB-continental-ocean boundary (realigrunent of continental limits after intracontinental stretching); B&-Blake Spur magnetic 
anomaly; K-Late Callovian (interpolated); LA-Late Albian (intirpolated). Note the rapid divergence prior to anomaly 34 (Early 
Campanian), and the slow rate or absence of motion since the Early Camp&an. The Demerara Rise and Guinea Plataau (shaded 
areas) are shown in their reconstructed positions relative to Florida. Note that continental overlap with Flotida can be accounted for 
by retracting probable Jurassic sinistral offset on -the Bahamas Fracture Zone (b&z) (Klitgord et al., 1984) and on the Florida J%ow 
Fault (fef)(Pindell, 19g5a). Dashed lines in vectors denote periods dw which relative motions are uncertain due to the Cr&ceous 

Quief Period. 
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TABLE 3 

Rotation parameters. South America with respect to North America 

Anomaly Age (Ma) Stage poles Total finite poles 

Lat. Long. Angie Lat. Long. Angie 
-- 

5 10.0 15.39 - 53.44 1.73 15.39 - 53.44 1.73 

6 20.0 17.84 - 57.64 3.53 16.68 - 55.55 3.53 

13 35.0 18.19 - 50.32 1.76 17.15 - SR.80 5.29 

21 49.0 10.98 - 50.91 2.13 15.01 - 52.90 8.01 

25 59.0 - 53.17 - 40.87 0.62 11.01 - 52.64 x.25 

32 72.0 - 0.72 -71.91 0.81 10.14 - 54.43 9.00 

34 84.0 - 20.58 - 83.16 1.00 1.46 - 51.32 9.71 

MO 119.0 - 43.75 - 149.33 11.5 - 24.85 - 101.32 14.20 

Ml0 130.0 - 55.45 177.59 3.10 - 31.82 - 109.91 15.17 

Ml6 142.0 - 66.74 176.10 2.22 - 36.71 - 114.34 17.15 

M21 150.0 - 69.39 171.75 2.33 -41.18 - 118.51 18.72 

M25 156.0 -61.49 - 147.67 2.93 - 43.86 -121.72 21.38 

BS 165.0 - 56.92 - 148.23 6.10 - 46.54 - 127.18 77.16 

COB = 180.0 - 57.11 - 147.89 2.24 - 47.23 - 128.72 29.32 

Fit (LT) = 190.0 - 56.50 - 149.27 0.75 - 47.42 - 129.22 30.04 

Positive latrtudes and longitudes are degrees north or east. Positive rotation angles are counterclockwise rotations looking down at 
the pole. BS = Blake Spur magnetic anomaly; COB = continent-ocean boundary; L.T = Late Triassic.. 
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North America-South America plate boundary 
zone), at the time of each indicated anomaly. The 
rotated points are connected sequentially to create 
relative motion vectors of the four points repre- 
senting South America with respect to North 
America. These vectors are flowlines, or trajecto- 
ries, defining the relative motion of North and 
South America through time. Note that before the 
Aptian initiation of relative motion between North 
Africa and South America, the flowlines represent 
motion between North America and North 
Africa-South America, and are based entirely on 
central North Atlantic data. Note also that the 
points labeled “LT’ and “GOB” in Fig. 2 refer to 
total closure of oceanic crust and estimated in- 
tracontinental extension, and to closure to the 
continent-ocean boundary (the approximate shelf 
edge), respectively, between North America and 
Africa. 

We interpret the relative motion vector of Fig. 
2 as follows. Beginning in the Late Triassic, initial 
rifting began within western Fangea, along the 
eventual site of the Atlantic and the Gulf of 
Mexico (forming the Newark and Eagle Mills 
sediments (Pindell, 1985a)). For the eastern United 
States, we assume minor extension parallel to the 
subsequent opening direction of the Atlantic. By 
the early Middle Jurassic (on the continental-oc- 
ean boundary), substantial southeastward diver- 
gence between Africa-South America and North 
America began, forming the oceanic? crust that is 
west of the BSMA. At Blake Spur time (mid-Mid- 
dle Jurassic?), an eastward ridge jump toward the 
African continents margin probably occurred, 
forming the BSMA (Vogt, 1973: Klitgord and 
Grow, 1980). Anomalies subsequent to the BSMA 
are symmetrically disposed across the mid-Atlantic 
Ridge. The existence of probably Late Jurassic 
oceanic crust in the deep Gulf of Mexico (Buffler 
et al., 1981) suggests that the Yucatan Block inter- 
vened between North and South America during 
the early stages of plate separation (Pindell, 1985a). 

In the earliest Cretaceous, once spreading had 
ceased in the Gulf of Mexico and Yucatan had 
become part of the North American Plate, a single 
mid-ocean ridge system between Yucatan and 
South America could have accounted for con- 
tinued separation between North and South 

America. However. moht of the c)ceanic crust 
created between the Americas ( Proto-C‘ari bbean 
crust) has been subducted beneath the present-day 
Caribbean Plate, which at this time was probably 
forming in the Pacific (Pindell and Barrett. in 

press}. Therefore, the geometry of the Cretaceous 
spreading in the Proto-Caribbean cannot be di- 
rectly assessed. The Berriasian (just after magnetic 
anomaly M16) was the earliest time during which 
overlap between Yucatan and South America is 
not indicated (Fig. 2). 

Divergence between North and South America 
at average rates exceeding 0.27a/Ma continued 
into the Late Cretaceous, possibly as late as Early 
Campanian (anomaly 34). The Aptian opening of 
the Equatorial Atlantic Ocean, which created a 
three-plate system of North America, South 
America and Africa for the first time appears to 
have had little or no effect on the direction of 
relative motion between North and South America, 
although the rate of divergence could have 
changed. Unfortunately, this cannot be de- 
termined because of the absence of magnetic 
anomalies in crust created during the Cretaceous 
Quiet Period. In Fig. 2, we have interpolated 
points for 101 Ma (Late Albian), based on the 
assumption of constant-rate motion during the 
entire anomaly MO to anomaly 34 interval in both 
the Central and South Atlantic oceans. However, 
depending on the actual spreading rates in each 
ocean during this period, rapid motion between 
North and South America could have ceased a few 
million years prior to anomaly 34 (84 Ma). 

From the Early Campa~an (anomaly 34), or 
just before, to the Middle Eocene (anomaly 2X), 
only minor (200 km) additional relative divergence 
at extremely low rates of 0.07 O/Ma (Fig. 2) is 
indicated. We suggest that the spreading center 
between North and South America became extinct 
at this time, and that this phase of relative motion 
was accommodated by minor sinistral slip at the 
transforms and fracture zones of the Central 
Atlantic ridge system (which at this time extended 
into the Equatorial Atlantic). It is also possible 
that spreading at a ridge, and subduction at a 
trench, both located between North and South 
America, occurred synchronously, and in ap- 
proximately the same direction and at the same 
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rate, to produce the near absence of relative mo- 
tion. However, we feel that this situation is highly 
unlikely and it is not supported by the regional 
geology. 

Finally. since the Middle Eocene (anomaly 21), 
slow but continued convergence between the 
Americas along generally N-trending flowlines, 
with minor oscillations, is indicated. The magni- 
tude of motion increases westward (Fig. 2) be- 
cause the North America-South America pole of 
rotation since the Eocene has lain generally east of 
the Caribbean area near the Mid-Atlantic Ridge 
(Table 3). In fact the vector in Fig. 2 representing 
the Barracuda Ridge shows very little relative 
motion since anomaly 21. We conclude that since 
Eocene time, no significant plate boundary be- 
tween the North and South American plates has 
existed. and that the slight motion has been dif- 
fusely accommodated by strain within the fracture 
zones of that part of the western Atlantic Ocean. 
The anomalous bathymetric relief of the Bar- 
racuda, Tiburon and other basement ridges east of 
the Lesser Antilles possibly indicates such strain. 

In summary, the motion of South America rela- 
tive to North America has been very simple: First 
it migrated away (Triassic to, or slightly before, 
Early Campanian), then it slowed to the point of 
negligible motion (Campanian-Eocene), and lastly 
it returned by a very small amount (post-Eocene 
convergence) (Fig. 2). An important conclusion of 
this analysis is that there appears to have been 
little or no significant relative motion between the 
North and South American plates since Early 
Campanian time. Accordingly, we conclude that 
no significant North America-South America 
plate boundary has existed since pre-Campanian 
time, when a Proto-Caribbean oceanic basin was 
formed. 

Despite the simplicity of the plate motion his- 
tory provided by this analysis, some nagging prob- 
lems remain to be solved. First, the existence of 
the Jurassic and Cretaceous magnetic quiet peri- 
ods (?- = 160 Ma and 119-84 Ma, respectively) 
precludes magnetic anomaly identification in the 
crust of those periods. Spreading rates cannot be 
measured accurately for these periods. Second, the 
timing of initial motion across the Equatorial 
Atlantic shear zones is not fully clear because ol 

the general pre-Albian emergence of the area and 
the fact that linear magnetic anomalies do not 
develop well in equatorial regions. Third. the 
non-rigid behavior of Africa during the Early and 
Middle Cretaceous is poorly quantified, and the 
amount of Santonian shortening in the Benue 
Trough, and its geometrical effect on the South 
Atlantic. is poorly understood. 

Plates of the Pacific: Farallon and Cocos relative 

to North America 

Engebretson (1982) computed the relative mo- 
tion history between the Farallon and North 
American plates since the Early Cretaceous. Un- 
fortunately, estimates of pre-Campanian relative 
motion may be inaccurate because of the absence 
of magnetic polarity reversals during the Creta- 
ceous Quiet Period and because of the possibility 
of the existence of unknown plates and plate 
boundaries in the Pacific prior to that time (Page 
and Engebretson, 1984). Engebretson’s poles are 
in part derived from the assumption that a hotspot 
reference framework exists so that hotspot traces 
in various ocean basins are fixed in space and may 
be used to determine relative motions between 
pairs of plates, each of which possesses hotspot 
tracks. This may or may not be true, but En- 
gebretson’s analysis of Farallon-North America 
relative motion agrees reasonably with studies that 
integrate the relative motions between members of 
a global circuit of plates. using an eastern and a 
western Antarctica (Jurdy. 1984). Further. the pre- 
dicted relative motion history is iteratively sup- 
ported by cause-and-effect relationships between 
plate motions and the geological development of 
the North American Cordillera (Page and En- 
gebretson, 1984). Despite the potential problems, 
and in lieu of a more comprehensive analysis, 
Engebretson’s Farallon-North America poles are 
assumed here to be satisfactory back into the 
Cretaceous. 

The Farallon Plate fragmented into several 
plates from the Late Oligocene to the present. The 
larger plates include the Nazca, Cocos and Juan 
de Fuca plates (Atwater, 1970; Handschumacher, 
1976: Menard, 1978; Klitgord and Mammerickx, 
1982). The Cocos and Nazca plates began to be- 
have as individual plates after anomaly 7 ( = 26 
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TABLE 4 

Rotation parameters. Cocos and Farallon with respect to North America 

Anomaly Age (Ma) Stage poles Total finite poles 
___--_ 

Lat. Long. Angle Lat. Long. Angle 
_I_-__.-. 

Cocos-North America ’ 
5 10.0 - 24.7 65.9 19.6 - 24.7 65.9 19.6 
6 20.0 -40.7 19.7 12.6 - 30.4 48.8 30.2 

Farallon-North America ’ 
13 35.0 - 45.9 - 33.5 10.1 - 31.0 298.0 16.5 
21 49.0 -61.7 - 10.2 16.1 -51.0 312.0 30.1 
25 59.0 - 53.7 -42.9 11.7 - 52.0 313.0 41.8 
32 72.0 - 30.7 - 79.8 19.2 - 43.7 303.7 58.9 
34 84.0 - 8.6 - 73.1 14.5 - 36.0 304.0 70.8 
M.A. 101.0 -12.1 - 67.2 15.7 -31.0 305.0 85.2 
MO 119.0 -60.7 -31.9 11.6 - 35.0 303.0 95.1 
Ml6 142.0 - 14.5 - 125.8 18.4 -27.0 295.0 104.0 

Positive latitudes and longitudes are degrees north or east. Positive rotation an&s are cotmterciockwise looking down at the pole. 
’ Poles derived from the Cocos-Pacific (Rowley, unpubl.) and the Pacific-North America (Engebretson et al., 1985). 
’ poles from table 2, Engebretson et al. (19%). 

Ma) and prior to anomaly 6C (24 Ma) (Lonsdale 
and Rlitgord (1978) in the latest Oligocene. En- 
gebretson et al. (1985) did not solve for the sep- 
arate motions of the Cocos-Pacific, and therefore 
do not provide rotation poles for Cocos-North 
America. Dete~ng accurate relative motions 
between the Cocos and North America plates 
back to the Early Miocene is difficult because 
their common boundary is the Middle America 
subduction zone. In addition, the oldest correlated 
anomaly on the Cocos Plate that developed along 
the Cocos-Pacific Ridge is anomaly 5A. In order 
to determine poles for the Cocos-Pacific for 
anomalies older than 5A and and to improve the 
accuracy of post-5A poles we have had to solve 
the motions for the three-plate system Cocos- 
Nazca-Pacific. This was a~rnp~sh~ using the 
magnetic anomaly picks of Klitgord and Mam- 
merickx (1982) for the Cocos-Pacific, those of 
Lonsdale and Klitgord (1978) for the Cocos- 
Nazca, and those of Handschumacher (1976), 
Herron (1971, 1972) and Weissel et al. (1977) for 
the Nazca-Pacific, and the Evans and Sutherland 
graphics system to determine the best poles that 
simultaneously satisfy the triple junction motions 
(Rowley, unpubl.). The Cocos-North America 
poles (Table 4) were then derived for anomalies 5 
and 6 by adding the Cocos-Pacific poles to the 

Pacific-North America poles of Engebretson et al. 
(1985). 

In Table 4, Engebretson’s Far&on-North 
America pole data have been interpolated or 
summed to define the total finite and stage pole 
parameters at the same time intervals used in this 
study for the Circum-Atlantic plates, For the 
Neogene, the Cocos-North America poles were 
computed as defined above. Using the poles of 
Table 4, motion vectors of the Farallon and Cocos 
plates relative to North America for various 
time intervals were calculated for the points 
10” N,90° W and 5’N,80° W which lie near the 
Pacific-Caribbean interface (Fig. 3). 

Some implications of Fig 3 for the geological 
evolution of the Caribbean are as follows: A strong 
component of sinistral shear along the western 
Cordillera is speculated for the Early Cretaceous 
(Berriasian-Aptian). This shear, which may have 
existed during the Jurassic as well, may have been 
responsible for the southeastward migration of 
blocks of Cordilleran Mexico into the “overlap 
position” of South America seen in mast re- 
constructions of western Pangea (ag., Bullard et 
al., 1965). Beginning in the Aptian and continuing 
through the Campanian, Fan&on Plate motion 
relative to North America was NE-directed at 
rates of 50-70 mm/yr. This period is associated 



Fig. 3. Stage motion vectors (azimuth and magnitude) of the Farallon-Cocos Plate reiative to North America, determined for two 
points (10 * N,90 * W and 5 o N.80 * W), from stage pole data of Table 4, after Engebretson et al. (1985). The Farallon Ptate became 
the Cocos Plate in this area during the Late Oligocene or earliest Miocene (see text). Inset: Graph of direction and velocity of the 
Farallon-Cocos Plate measured at point A (lOoN, W). Time intervals labelled with letters a-j correspond to the vectors of the 

figure. (Modified after Pindell and Barrett (in press). 

with the early plutonic and volcanic development 
of the Greater Antilles Arc; the initiation of head- 
on convergence between the Farallon Plate and 
the Proto-Caribbean may have been responsible 
for the formation of a subduction zone between 
the two (Pindell and Barrett, in press). For the 
Late Campanian-Late Eocene, high rates of con- 
vergence (110-150 mm/yr) are indicated and 
probably relate directIy to Laramide orogenesis 
along the North and South American Cordillera 
and within the Greater Antilles of the Caribbean, 
as the Caribbean Plate was inserted into the 
Proto-Caribbean seaway between North and South 
America (PindeII and Barrett, in press). Finally, 
since Eocene time, northeastward convergence has 
occurred at rates of 75-85 mm/yr. This is the 
period over which much of the 1100 km eastward 

migration of the Caribbean Plate with respect to 
North America has occurred. Hence, the 
trench-trench-transform triple junction west of 
Guatamaia has migrated southeastwards during 
this interval, progressively exposing continental 
crust previously within a larger Me~co-Chortis 
realm, along the Mexican section of the Middle 
American Trench (Pindell and Dewey, 1982; 
Pindell and Barrett, in press). This is responsible 
for the truncated structural trends along the 
southwestern Mexican margin (Ring, 1969). 

Caribbean with respect to the Americas 

The only seafloor magnetic data that can help 
constrain the Cenozoic motion of the Caribbean 
Plate relative to either North or South America 
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flank the Mid-Cayman spreading center in the 
Cayman Trough (MacDonald and Holcombe. 
1978; Ross et al., 1986). The magnetic data there. 
and various other lines of geological evidence such 
as bath~et~ and sediment accumulation (Perfit 
and Heezen, 1978; Wadge and Burke, 1983) and 
the depth-age relationship (Rosencrantz and 
Sclater, 1986) have led most authors to favor a 
model whereby the Cayman Trough is an ex- 
tended pull-apart basin formed by about 1100 km 
of left-lateral motion since the Middle-Late 
Eocene (MacDonald, 1976; Dickinson and Coney, 
1980; Pindell and Dewey, 1982; Burke et al., 1984; 
table 2, Pindell and Barrett, in press). The flow- 
Lines of the average trend of relative motion are 
fairly easily defined: small circles parallel to the 
trough are concentric about a pole near Santiago, 
Chile (Jordan, 1975). Thus, a gross relative motion 
of 1100 km, in an approximately eastward direc- 
tion since the Eocene, roughly defines the motion 
of the Caribbean Plate relative to North America. 
This motion is supported in the rock record by 
Eocene-Recent radiometrically determined ages 
on subduction-related volcanics in the Lesser An- 
tilles (Briden et al., 1979; fig. 6, Pindell and Bar- 
rett, in press), which presumably were formed by 
the subduction of Adantic oceanic lithosphere. As 
seen earlier, the absence of large displacements 
between North and South America for this time 
(Fig. 2) indicates that a similar motion has oc- 
curred between the Caribbean and South America. 

However, refining this general statement has 
been problematic. First, not all Caribbean-North 
American motion has occurred across the Mid- 
Cayman spreading center. As indicated by 
seismicity (Sykes et al., 1982) and by fault offsets 
in and around Jamaica and southern Hispaniola 
(Mann et al., 1984), some amount of motion is, 
and for several million years probably has been, 
occurring along the southern margin of the eastern 
Cayman Trough, this motion not being recorded 
by the magnetic signature of ocean crust formed 
at the Mid-Cayman spreading center. The dis- 
placement along this probable zone of offset is 
perhaps tens of kilometers {Mann et al., 1984), but 
could be greater. Secondly, estimates of the 
spreading rate in the Cayman Trough based on 
identifi~tion of magnetic anomalies alone are in 

disagreement (MacDonald and Holcomhe. 197X: 
Ross et al., 1986). If the Cayman Trough offset 
(1100) km has occurred at a constant rate through 
time (55-36 m.y. depending on the assumed ago 
of initiation), an average rate of about XI-30 
mm/yr may be deduced. The analysis of Mac- 
Donald and Holcombe (1978) suggested a 40 
mm/yr spreading rate from 2.4 Ma back to at 
least 8.3 Ma, which, if true, would require slower 
rates (15-24 mm/yr) prior to this interval. The 
analysis of Ross et al. (1986) suggests a 15-20 
mm/yr rate since the Eocene, and a faster rate 
before this time. Based on our examination of the 
small amount of magnetic data available from the 
Cayman Trough, we are hesitant to side with 
either assessment. However, the age-depth argu- 
ments of Rosencrantz and Sclater (1986) suggest 
to us that the slower rates, as argued for by them, 
are probably closer to reality than those of Mac- 
Donald and Holcombe (1978). We also agree with 
the arguments of Stein et al. (1988) (which revolve 
around seismicity and geometrical aspects of 
Caribbean triple junctions, that 20 mm/yr 
describes the present rate of relative motion be- 
tween North America and the Caribbean. In this 
paper, we offer no additional ~guments constrain- 
ing the past rates of C~bbean-Arne~~n motion, 
but assume that an average rate of 20 mm/yr has 
existed since the Middle Eocene (20 mm/yr for 55 
Ma gives an offset of 1100 km, as defined by the 
Cayman Trough) (Figs. 4A-D). 

The motion of the Caribbean Plate prior to the 
Middle Eocene is not well constrained by the 
geological record, but most authors favor a Pacific 
origin for the plate in the Cretaceous (see table 2 
Pindell and Barrett (in press) for a review). If the 
Caribbean was once a part of the Farallon Piate, 
its motion relative to North America should have 
been the same as that of the Farailon Plate until 
the time when the two plates became separated, 
The present boundary between the Caribbean and 
a known remnant of the Farallon Plate (the Cocos 
Plate) is the Middle America Trench west of Pan- 
ama, Costa Rica and the Chortis Block. It seems 
likely that the time of initial arc development in 
Panama and Costa Rica (indicated by the oldest 
age of intermediate plutons int~ding oceanic 
basement, and sedimentation signaIling a drastic 



shallowing of water depth) may represent the sep- 
aration of the two plates by the formation of a 
subduction zone between them. In the axis of the 
Panama and Costa Rica magmatic arc, the oldest 
plutons and the first shallow-water sediments are 
of Campanian age (fig. 6, Pindell and Barrett, in 
press). Hence, it is possible that pre-Campanian 
motion of the Caribbean “Plate” relative to North 
America may have been identical to that of the 
Farallon Plate, outlined above. 

Deciphering Campanian-Eocene relative mo- 
tion of the Caribbean Plate requires geological 
modelling of deformation and sedimentation along 
the common boundaries of the Caribbean Plate 

NORTH AMERICA 
_--~ 

‘\ .,a ~. - ” 

and North and South America. Prior to 
Campanian time, the margins of the Caribbean 
area (Proto-Caribbean Sea) were of the passive, 
Atlantic type. This includes the eastern and south- 
ern Yucatan block. northern South America east 
of Guajira, Colombia and the Bahamas. The onset 
of deformation and erogenic sedimentation can be 
traced, younging progressively eastward, along the 
stable Proto-Caribbean margins (Pindell and Bar- 
rett, in press): Orogenesis began in the west along 
the southern Yucatan Shelf fcampanian-Maas- 
trichtian collision between a N-facing arc terrane 
with southern Yucatan), and the emplacement of 
the western Cordillera adjacent to the Central 

SOUTH AMERICA 

k EARLY CAMPANIAN 

FARALLON PLA, 

SOUTH AMERICA 
about 400 km 

8: MIDDLE EOCENE 
Fig. 4. (see caption, p. 135). 
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Cordillera (Late Cretaceous closure of the Romeral 
Suture) occurred. Northern South America and 
the Bahamas remained stable shelves until the 
Paleogene. Collision between the Cuban Arc 
(comprised of thrust sheets including and south of 
the Cuban ophiolite belt) and the Bahamas Bank 
occurred in Paleocene-Middle Eocene time. The 
emplacement onto the Venezuelan Shelf (arc-con- 
tinent collision) of the allochthonous nappes of 
the Caribbean mountain system was time progres- 
sive throughout the Cenozoic, but began in the 
west near Lake Maracaibo in Paleocene-Early 
Eocene time. Thus, plate boundary deformation 
along both North and South America progressed 
east-northeastwards during the Late Cretaceous 
and Paleogene. This tectonism, as briefly outlined 
above, is believed to be due to interactions with an 
advancing Caribbean Plate, migrating eastwards 
between the Americas (Pindell and Barrett, in 
press). 

In Figs. 4A-D, an outline of Campanian-pre- 
sent Caribbean evolution is presented (simplified 
after Pindell and Barrett (in press)). Aspects of 
orogenesis discussed above are shown, and a 20 
mm/yr post-Middle Eocene rate of motion rela- 
tive to North America is assumed. 

Summary and conclusions 

Former positions and relative motions of the 
larger plates encompassing the Caribbean region 
through time have been defined. This provides a 
quantitative framework on which to base models 
for Gulf of Mexico and Caribbean evolution. In 
this framework, approximate positions of the 
Caribbean Plate relative to the Americas at stages 
during Late Cretaceous and Cenozoic time have 
also been shown, assuming a 20 mm/yr post-Mid- 
dle Eocene slip rate for the Caribbean Plate. 

Several tectonic events or geological develop- 
ments in the evolution of the Caribbean region 

Fig. 4. Sequential reconstructions of the Caribbean area since the Late Cretaceous, modified after Pindell and Barrett (in press). 
Heavy lines are plate boundaries: solid triangles represent thrusting or subduction between two plates or platelets: open triangles 
represent intraplate thrusting; ticked lines represent collision or suturing; thin lines are shelf edges; thin lines with stipple are 

present-day coastlines (for orientation). 
A. Early Campanian reconstruction showing the east-northeastward migration of the Caribbean Plate from the Pacific area. 
subducting crust of the Proto-Caribbean seaway, which by this time probably possessed no mid-ocean ridge system. Note that Late 
Cretaceous orogeny was pronounced in southern Yucatan (accompanied by development of the Sepur foredeep) and western 
Colombia (accretion of the western Cordillera at the Romeral Suture), but that eastern Yucatan, the Bahamas Bank and northern 
South America were relatively undisturbed at this time. Vector triangles (upper right) show approximate trends and magnitudes of 
relative motions of the various plates between this and the next reconstruction. J-Jamaica. NoAm-North America; SoAm-South 

America; Carrb-Caribbean. 
B. Middle Eocene reconstruction showing a closed Cayman Trough. Total post-Middle Eocene Caribbean translation is about 1100 
km. Orogeny and foredeep development occurred in northern Cuba (Cuban foredeep) and western Venezuela (Maraca&o foredeep) 
at this time, marking the arrival of the Caribbean Plate between the Americas from the Pacific. Volcanism began at the Lesser 
Antilles Arc at this time. Vector triangles (upper right) show approximate trends and magnitudes of relative motions of the various 

plates between this and the next reconstruction. See Fig. 4A for explanation of abbreviations 
C. Early Miocene reconstruction (about 20 Ma), showing a 400 km westward translation of the Caribhean Plate relative to the 
present. Progressive emplacement of the Venezuelan allochthonous nappes had reached eastern Venezuela as recorded by Miocene 
foredeep development in the Maturin Basin. Northeastward migration of the Maracaibo Block probably began in Middle Miocene 
time, by strike-slip along the Merida Andes and the Santa Marta Fault (SMF). This migration was triggered by the beginning of the 
Panamanian collision and/or by a northward shift in the trend of subduction of the Cocos Plate (Fig. 3) beneath the northern Andes. 
and drove a wedge of northwestern South America out onto the Caribbean Plate, thereby obscuring the original transform boundary 
between South America and the Caribbean Plate. In the north, note the strike-slip assembly of Hispaniola by this time and initiation 
of strike-slip at the Oriente Fault between Cuba and Hispaniola. Vector triangles (upper right) show approximate trends and 
magnitudes of relative motions of the various plates between this and the next reconstruction. See Fig. 4A for explanation of 

abbreviations. 
D. Present-day major fault and plate boundary map of the Caribbean area. Eastward migration relative to the Americas I\ 

continuing, as defined by seismicity around the plate margins and subduction at the Lesser Antilles Arc. 
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may be directly correlated to the reiative motions 
of the larger Circum-Caribbean plates: 

(1) Middle Jurassic-Campanian divergence be- 
tween North and South America was accompa- 
nied by formation of, and passive margin develop- 
ment along, the Gulf of Mexico and the Proto- 
Caribbean seaway. 

(2) Pre-Aptian sinistral convergence between 
the Farallon Plate and North America is indi- 
cated: ff this phase of relative motion existed 
during the Jurassic, sinistral shear may have caused 
the migration of allochthonous blocks within 
Mexico into the South American overlap position, 
thereby forming the Gulf of Mexico. 

(3) Campanian-present relative motion be- 
tween North and South America is minimal, espe- 
cially at the fracture zones east of the Lesser 
Antilles where the two plates are thought to ad- 
join. This suggests that a significant plate boundary 
between North and South America did not exist 
during this time. 

(4) Very high Late Cretaceous-Eocene rates of 
northeastward convergence of the Farallon Plate 
relative to North America are associated with 
Laramide orogenesis in the North and South 
American Cordillera, and with the insertion and 
east-northeastward migration of the present 
Caribbean Plate into the Proto-Caribbean 
(Atlantic) seaway. This migration led to Paleogene 
collision between the Bahamas and the Greater 
Antilles (Cuban) Arc. 

(5) Minor convergence between North and 
South America has occurred since the Eocene and 
increases westwards. This is probably one of the 
causes of E-W compressional features seen across 
the Caribbean today (e.g., the South Caribbean 
fold belt and the Muertos Trough (see Case and 
Holcombe, 1980)). However, since Campanian 
time, the relative motion between North and South 
America appears to have affected the ‘Caribbean 
Plate in only subtle ways. 

(6) About 1100 km of eastward migration of 
the Caribbean Plate averaging 20 mm,/yr begin- 
ning in Eocene time, relative to the Americas, is 
responsible for (a) subduction and magmatism at 
the Lesser Antilles Arc during that period, and (6) 
development of the North and South Caribbean 
Plate boundary zones. Further, for Cenozoic time, 

the Middle America Trench-Arc sy-stem ha?; dr- 
veloped because the E-W component of Cenozoic 
convergence between the Farallon-Cocos and 
North American plates has exceeded the amount 
of E-W Caribbean-North American slip. 
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