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FRONTISPIECE 

"The number of attempts to synthesize the tectonic framework of 
the Caribbean are infinite , as are the number of different 

frameworks that have been suggested ••• In terms of the plate 
tectonic 'revolution' in the earth sciences, it would be very much 
preferable if the Caribbean area and the Bahamas did not exist . " 

--F. Nagle [1970, pp . 413- 414] 

Westward looking view of Pica Isabella des Torres, 2 km south of 
Puerto Plata, northern Dominican Republic. Curious silver clouds 

cap the 800 meter peak at the close of nearly every afternoon. 
On his first voyage to the new world, in early January of 1493, 

Christopher Colombus dubbed the small embayment below the peak as 
Puerto Plata, or Silver Port, referring to the mystical clouds 

above. Much has changed in Hispaniola since that time, but the 
silver clouds, and the mountain beneath them, remain the same . 
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PLATE· ·TECTONIC EVOLUTION OF THE GULF OF Mt:XlCO AND CARIBBEAN REGION 

James Lawrence Pinde~l 

A geo1ogic·kinematic model for the evolution of the Gulf of Nexico and 

Caribbean r~gion is built within a framework provided by a detailed Late 

Paleozoic (Alleghanian) plate reconstruction and a revised North American 

(NOAM) and South American (SOAM) relative motion historyo From the Middle 

Jurassic to the Campanian 9 SOAM migrated east·-southeast from NOAMo From the 

Campanian to the Eocene 9 little or no NOAM-SOAM relative motion occurred 9 

although minor sinistral transpression is suggestedo Since the Eocene 0 

minor west·~northwest convergence between NOAM and SOAN has occurred along 

pre-existing fracture zoneso Three stages of evolution are recognized which 

correlate with these phases of relative motiono Stage 1: mainly carbonate 

shelves fringed the Gul± ot 1'1exico and "Proto=Caribbean" passive rifted 

marginsp during plate separationo Stage 2: the Caribbean Plate (CARIB) 

progressively entered the NOAM-SOAM gap from the Pacific by subduction of 

Proto=Caribbean crust beneath the Greater Antilleso Stage 3: CARIB migrated 

east by 1200 km 9 subducting Proto-Caribbean crust and forming the Lesser 

Antilles Arco Transform faults have dissected the original Greater Antilles 

Arc 9 and nappes in the Venezuelan Andes have been emplaced southeastwards 

onto the northern SOAM margin 9 diachronously from west to easto Field work 

done in Dominican Republicp both near Puerto Plata and in the southwest 

sector 9 indicates that 1) Cuba and northern and central Hispaniola are parts 

of one original Greater Antilles arc 9 2) this arc collided with the Bahamas 

in the Late Paleocene=Mid Eocene 9 and 3) Hispaniola has been assembled by 

strike-slip juxtaposition of terranes from the westo 
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lNTRODUCTION~ 

Puroose~ 
<:-:- - ~-'- > 

The ultimate goal of this thesis is to develop a plate~tectonic model 

for the evolution of the Gulf of Mexico and the Caribbean regiono At the 

time of writingp several first~orderg large~scale problems plagued 

geologists attempting to decipher bits and pieces of Gulf and Caribbean 

evolutiono This is a framework study 9 designed to provide a plate-kinematic 

basis on which can be built more detailed geological analyses of any sort~ 

in any area within the Gulf and Caribbeano Alsog it provides a model that 

can be tested~ modified~ and revised by future workerso The model itself 

helps to identify problems on which more work is needed in order to gain a 

full or better understanding of the geologic history of local areaso 

The evolutionary model developed within this thesis was derived largely 

from deductive reasoningo The initial premises are of the largest order~ 

and successive attempts to build and refine the model have incorporated 

increasing amounts of geologic informationo Refinement of a model can only 

go so far; at some point it becomes necessary to concentrate on problem 

areas 9 using inductive reasoning 9 to provide critical bits of information 

which can solve points of contention during the deductive phase of 

reasoningo Two such problems were identified early on and addressed
1
in the 

field 9 in northern and southwestern Dominican Republic (Chapters 4 1nd S)o 

Of course 9 the ultimate goal of this process is for the two. ends to meet in 

the middle 9 so that the model suggests no further problems 9 and additional 

detailed work does not disprove or alter the modele Fortunately for the 
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~Rribbean geologist. this £;;~, i ntn t-L.- C-~"------
L.llt _o_LJLU!e 1.11 Lhe case of the 

Cl'lxi. hbiP.P.n! 

The a~tho~ would liks to lbink that ~eflnewent of ~he model 0 ou a 

regional scale at least 0 has reached the point where significant improvement 

cannot be achieved without new studies in problem areas identified by the 

model 0 or at least reinterpretations of some existing studies. 

Methodology~ 

Permo~Triassic reconstructions [Bullard et al. 9 1965] 9 except Pangea 

118 10 [Irving 0 19'17] 0 demonstrate that South America occupied the entire 

Caribbean and most of the Gulf of Mexico area prior to the dispersal of 

Pangea. Thus 9 the plate-tectonic development of both the Gulf and the 

Caribbean must be directly related to the paleopositions and relative 

motions of the larger encompassing plates. The existence of Jurassic 

seafloor crust in the Gulf of Mexico 9 and the fact that the Yucatan block is 

presently a pa~t of the North American Plate 9 provides a measure of the 

potential complexities associated with that evolution. Another example is 

that Cuba 9 an integral part of the Caribbean collection of arcs 9 is not (any 

longer) a part of the Caribbean Plate as we know it today from the 

distribution of seismicity [Sykes and Ewing 9 1965; Molnar and Sykeso 1969]. 

Thus 9 the present plate boundary system in the Gulf/Caribbean region bears 

very little relationship to former configurations 9 and the region may be 

considered historically as a complex "interplate" realm. 

Early attempts to build evolutionary scenarios of interplate regions by 

relating geology to a framework of relative plate motions include Atwater 

[1970] for western North America 9 and Smith [1971] and Dewey et al. [1973] 

for the Alpine and Mediterranean region. A geologic-kinematic synthesis of 
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this kind was first done for the Caribbean by Ladd [1914; 19J6]v who related 

Caribbean geology to th2 relative motions of North and South America since 

the Jurassic. 

Derivation of evolutionary models for interplate realms must follow 

three basic steps. Firstv an attempt must be made to reconstruct the 

relative positions of the major and 

of the geological development of 

minor plates which existed at the onset 

the regiono All pre~Mesozoic crust 

involved must be identified; all syn~rift and post-rift crustal attenuationv 

shortening and shear must then be restored to pre~rift limits; finallyv the 

continents and blocksv in their pre~rift shapesv 

reconstruction which satisfies pre-r.ift 

must be reassembled into a 

deformation 

paleogeographic relationshipsv and depositional patterns. 

beginning with the initial reconstructionv the relative motion 

the plates encompassing the interplate region must be defined 

pattcrnsv 

Secondlyv 

history of 

in order to 

establish the framework on which to base the evolutionary model. Both 

paleopositions and the relative motion vector are important. The 

paleopositions define the size and shape of the region at various timesv and 

the relative motion vector defines the direction and rate of change in the 

size and shape of the region. Finallyv the geology of the interplate region 

must be integrated withv and related tov the framework provided by the 

relative motions of the encompassing plates. 

An intimate relationship must exist between relative plate motions and 

the geology of an interplate region; iterative integration of the two 

derives plate boundary schemes through time [Dewey et al. 1973; Pindell and 

Deweyv 1982]v and each provides a test for the othero Stablev transgressive 

carbonate platforms or passive margins may be associated with drift phases 

following continental breakupv whereas foldingv arc volcanismv metamorphism 

and obduction of ophiolitic rocks may be associated with convergent phases 
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of ocean closureo In addition 9 linear belts of upliftP.o bAsemPnt rocks in 

flower structure often represent zones of strike-·slip motionv whichv ln turn 

may relate directly to portions of relative motion vectorso 

On a finer scalev motions of the smaller intervening microplates of the 

interplate region may be inferred by paleomagnetic measurements 0 deformation 

styles on microplate bordersv vergence of thrusting in ophiolitic belts 9 

polarity indicators in arc terranes 9 orientations of paired metamorphic 

belts 9 provenance and facies considerations in sedimentary rocks 9 linear 

magnetic anomalies in trapped oceanic basins 9 major strike-slip faults with 

measurable offsets 9 and a variety of other indicators which may be unique to 

the region in questiono But all of the above must ultimately be constrained 

by the paleopositions and relative motions of the encompassing major 

plateso The importance of that framework cannot be overemphasizedo 

In the case of the Gulf of Mexico and Caribbean region 9 the starting 

point is the reconstruction of western Pangea (North and South America 9 

Africa 9 and the pre-Mesozoic continental blocks of Yucatan 9 Central America 

and the Bahamas)o The pertinent relative motion histories are North 

America/South America and 9 to a lesser extent 9 North America/Farallono The 

~egion whose geology must be integrated into that framework includes the 

Caribbean itsel£ 9 the Gulf of Mexico 9 Yucatan 9 Mexico 9 Central America 9 and 

northern South Americao 

Organization: 

This thesis is organized by the logical progression of the methodology 

outlined above 9 which coincides roughly with a forward progression in the 

geological history of the Gulf and Caribbean regiono In the first chapter 9 

a detailed reconstruction of western Pangea (the Alleghenides) is derivedo 



In the second chapter v ~tATting ~:~ith the Lo.tc Paleozoic Alleghenian 

reconstruction. the kin~matic frame~ork of relative plate motio1l~ since the 

Triassic is developed and definecta This is followed by a chapter on the 

geology and evolution of the Gulf of Mexico region. which is theoretical in 

natul:'eo Chapters 4 and 5 summarize the results of field vJork done in 

northern Dominican Republic (Puerto Plate area) and in southwestern 

Dominican Republic (eastern Sierra Baharuco 9 San Juan Valley) 1 

respectivelyo These results provide critical input to the Caribbean 

evolutionary model presented latera Chapter 6 is a review of the primary 

geological features of the Caribbean. in which first-order plate-tectonic 

elements and their significance are def1nedp such as arcs. suture zones. and 

back~arc basinso Chapter 7 is another theoretical analysis 9 on the 

neotectonic deformation and evolution of the northern South American 

borderlands a Finally. chapter 8 integrates all of the above into a 

geologic-kinematic plate-tectonic model for the evolution of the Caribbean 

region as a wholea The model is presented in a series of 11 plate boundary 

maps 1 wi ~h vector triangles defining the direction and rate t of relative 

plate motionso In a final 11chapter 1
11 conclusions derived from. and problems 

remaining in. the model are discussed. and areas requiring further work from 

an inductive approach are definedo 
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THE ALLEGHENIAN RECONSTRUCTION 
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J.'Hi:o: ALLEGHEN:CAN RECONSTRUCTION~ 

:Cntr.oductiong 
'-----·-----

The Upper Paleozoic of eastern 9 central 9 and southern North America is 

underscored by tHo important factsa FirstD the Late Paleozoic belt of 

deformation (Appalachians 9 Ouachitasu Marathonu Huastecans) and its 

associated foreland basins in the U.S. interior are continuous from at least 

Nova Scotia to Mexico. Secondu there is no evidence for the existence of 

marine conditions during the Upper Permian to Middle Triassic 9 throughout 

southern 9 central and eastern North America 9 or the circum~Gulf regiona 

These tHo important facts suggesi that the circum-Atlantic continents and 

the continental blocks within the Gulf/Caribbean realm must have achieved 

complete Paleozoic ocean closure. 

Because of repeated Pal~ozoic orogeny in the Appalachians 9 aud because 

the terms Appalachian 9 Ouachita 9 Marathon and Huastecan describe geographic 

portions of a single continuous 9 but diachronous 9 belt of Late Paleozoic 

deformation 9 the term "Alleghenides 11 is used here to describe collectively 

those Late Mississippian-Middle Permian tectonic features and metamorphism 

that were created by the diachronous ocean closure between Gondwana and 

American portions of Laurussia [Graham et al. 9 1975; Kluth and Coney 9 1981; 

Pindell and Dewey 9 1982; Dewey 9 1982; Bradley 9 1982]. 

The Alleghenian reconstruction must provide an internally consistent 

rearrangement of interpreted tectonic provinces and metamorphic zones from 

the various continental blocksa The rearrangement of provinces is made 

difficult by the fact that Jurassic continental breakup has followed 

7 
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app:coximRrPl y the J.j_Jl()3 of LQtc Pol2n:;.~oic cu1ii..luenLal snt.u:.-:·ing; only ran':!ly 

:i.n 

colHsion 0 P.m1 the hlajo:dty of Tr:i.gss:i.c C:eposiU.on npon each consists of :red 

beds that are lithologically similar and difficult: to correlate 

biostratigraphically. 

Before a reconstruction of Alleghenian tectonic features may be 

attempted 0 simple geometric constraints must first be considered. These 

include (1) identification of all pre=Mesozoic continental crust involved in 

Alleghenian orogenesis 0 (1) restoration to original crustal thickness the 

attenuation undergone by each margin and block during Late Triassic and 

Jurassic rifting 0 and (3) retraction 0 where possible 0 of post~Permian 

offsets on intracontinental fault systems such as those in Mexico [Anderson 

and Schmidt 0 1983) and in northwest South America (see chapter 7). The most 

critical constrain to however 0 is the proper realignment of the 

circum~Atlantic continents by closure of the Central 0 Equatorial 0 and the 

South Atlantic Oceans. Variou3 oceail-clusuce models differ greatly and have 

drastically different implications for Alleghenian reconstructions. 

Three differently derived ocean~closure models (Figure 1.1a 0 b 9 c) stand 

out as important: least~error fitting of the 1000 fathom (2000 meter) 

isobaths [Bullard et al. 9 1965]; realignment of marginal offsets and 

fracture zones from opposing continental margins [LePichon and Fox 9 1971]; 

and least-error fitting of paleomagnetic poles of Permian age for each of 

the three continents 

present margins ~oes 
[Vander Voo et al. 9 1976]. The least-error fitting of 

not recognize the blanketing effect of post-breakup 

marginal sedimentation on the true marginal configuration of pre-Mesozoic 

basement. The realignment of marginal offsets and fracture zones is a 

requirement at the commencement of continental breakup. The fit suggested 



9 

~ 110 -100 -so -co -70 -110 -100 -90 -eo -70 

I 

~ 30 

Africa 

30 
Afnca 

20 South Amm1ca 20 

[L_~ 
-110 -100 -90 -80 -70 -110 -100 -90 -80 -70 

Figure l.lo Four initial reconstructions of the major circum~Atlantic 

continents (Mercator Projection in a present~day North American 
reference frame) commonly used as starting points in models of 
Gulf/Caribbean evolutiono Shaded areas indicate non~continental gaps 
within the reconstructionso MSM, Mojave~Sonora Megashear; App. 
Appalachians; Ou, Ouachitas; MP Marathons; Ma, Mauritanides; TMVBL. 
Trans~Mexican Volcanic Belt Lineament; FSB, Florida Straits Block; CP. 
Coahuila Peninsula; S, Sabine Uplift; Wp Wiggins Arch; MG. Florida 
Middle Grounds Arch; SB, Suwannee Basin; BBP Bove Basino 



by p~leo~agnctioru overlAps COlitin~nl~l c~ust in ilorida and northernmost 

d:.c of e,c\dilioilcil c.:mtli~lcnt:a.l 

block~ bei:w~eil North aud South Amc~ica. As is 9 thR peleowagnetic fi~ doRs 

not expl2in l:he geometry of the Alleghenian features of North Ame~ica. All 

of thesR fits use the South Atlantic fit of Bullard et al. [1965] 1 which 

contains significant error because the 1000 fathom isobath along the Amazon 

portion of the Brazilian shelf does not coincide with the continental limit 

[Pindell and Dewey 9 1982; Klitgord et alo 1 1984]. 

Figure l.ld schematically shows a fourth reconstruction 1 which is 

developed in this chaptero This reconstuction 1 among the other 

considerations mentioned abovev incorporates a tighter 

juxtaposition across the Equatorial Atlantic •. This difference results in 1) 

North America and Africa remaining approximately in their syn~rift 

relationship as defined by marginal offsets of fracture zones 9 and 2) Late 

Paleozoic paleomagnetic poles for South America aligning with those for 

North America. Hence 1 the strong points of Figures 1.lb and 1.lc are 

preserved. 

The following discussion on various aspects of the derivation of the 

Alleghenian reconstruction refers heavily to Figure 1.2 9 which outlines 

primary Gulf-region geological features. The Alleghenian 

paleoreconstruction is presented in Figure 1.3. Table 1.1 defines 

abbreviations~ and interprets geological features 9 portrayed in Figure 1.3. 

Louann and Campeche ~alt Alignment~ 

One very simple but important key to Alleghenian paleogeography which 

arises from the Mesozoic rifting history 9 rather than the Late Paleozoic 

closure historyp of the Orogen is the symmetrically disposed Louann and 
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Figure lo2o General tectonic and locality map of the Gulf regiono MSM 9 

Mojave~Sonora Megashear; TMVBL 9 Trans-Mexican Volcanic Belt Lineament; 
sup Sabine Uplift; MUP Monroe Uplift; JD9 Jar.kfmn Dome; WA9 Wiggins 
Arch; MGA 9 Florida Middle Grounds Arch; SG 9 Sierra Guaniguanico 9 

presently of western Cuba but was northeastern corner of Yucatan block 
prior to Paleogene; BSMA 9 Blake Spur Magnetic Anomaly; M-25 9 M-21 9 

M=l6 9 M-11 are Central North Atlantic magnetic anomalieso 
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Figure lo3o Late Permian Alleghenides reconstruction derived in text, 
abbreviations and numeric labels defined in Table lola Total rotation 
parameters for closure defined in Tables 2.3, 2~4 and 2o5 (chapter 2)o 
Chortis block and Mexico south of the Trans-Mexican Volcanic Belt not 
included because their Permian positions are unknowno 



Abbrevic.tion 

AB 

ApB 

ArB 

ArdB 

Arl'l 

BB 

BRP 

BZ 

CA 

CB 

CP 

cc 

DB 

13 

TABLE lo ::. Key and Intex·p:r.eti vc:; Glossary to Figure L 3 

Explanc;tion 

Anadarko Basin. Carboniferous extensional and right·~lateral 
strike··slip basin. compressed in Late Pennsylvanian and/or 
Early Permian. 
Appalachian Basin. Devonian to Carboniferous foreland 
sedimentary basin resulting from load of Appalachian thrust 
sheets. 
Arkoma Basin. Carboniferous foreland basin resulting from load 
of Ouachita thrust sheets to the south. 
Ardmore Basin. Subbasin of Anadarko Basin. sits amidst dextral 
strike~slip zone. 
Arbuckle Mountains. Dextral shear zone in North American 
foreland. probably related to Wichita Uplift. Active during 
Pennsylvanian. 
Bove Basin. Platform sequence (terrigenous) of Paleozoic age. 
rocks correlatable to Florida 1 s Sm.rannee Basin. 
Blue Ridge Province. Metamorphic thrusted nappes in central 
Appalachians. thrusting caused by collision of Africa with 
North America. 
Black Warrior Basin. Carboniferous foreland basin resulting 
from load of Appalachian thrust sheets. 
Brevard Zone. High-angle reverse and/or strike-slip fR11lt in 
southern Appalachians. possible zone of lateral escape during 
Alleghenian compression. 
Cincinnati Arch. Foreland bulge caused by lithospheric flexure 
from load of Appalachians. 
Chihuahua Block. Zone north of t1ojave-Sonora Negashear bnt 
south ot Rio Grande which underwent basement reactivation 
during Jurassic (sinistral shear) and Cretaceous (compression). 
In Figure 1.3. a homogeneous simple shear totalling 100 km 
across the block has been restored to the northwest. 
Coahuila Platform. Block accreted to North America during 
Alleghenian assembly. possibly originally part of Gondwana but 
stranded during rifting. may represent Late Paleozoic arc 
created by closure between North America and Gondwana. 
Cordillera Central. Colombia. Presumably formed northwest 
margin of South America throughout Paleozoic to Late 
Cretaceous. Age and chemistry of Paleozoic and Hesozoic 
plutonic rocks questionablep but may have been Late Paleozoic 
arc prior to ocean closure. Mesozoic-Cenozoic arc volcanism 
has occurred here as well. 
Chuacus~Santa Rosa Groupo Chuacus Group are metamorphosed (in 
early Carboniferous) igneous and sedimentary rocks of Guatemala 
belonging to Yucatan blocko Metamorphism relates to 
continental collision. The Upper Pennsylvanian to Lower 
Permian Santa Rosa Group unconformably overlies the Chuacus 9 

and was deposited in a shallow sea behind the main Alleghenian 
thrust belts. 
Delaware Basino Extensional. right~lateral strike-slip basin of 
Early Permian age. Relates to the escape of the Mexican · 
peninsula during continental collision. 
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TABLE l.l. (continued) 

Abb~eviation Explanation 

DRU 

EC 

emf 

F\-IB 

G 

GP 

IB 

KB 

LU 

MA 

MB 

ME 

HFB 

MiB 

HGA 

:·1M 

Desrnoir:estat:. -Lm·Jer· Pe:rm:'.an Sedimen):s o PoA'tOJ~oger:.:i.c 
shc::;_lou· -uate:•: illo::.ar_;se deposited behind Ouachita thrust zone. 
Cox-:ceJ.aled \,rj_th Sauta Rcse:; Gr·oup (Yucatar:. Block) and Permian of 
Colomb:i.a. 
Devil 1 s River Upliflo Right· ·lateral shear zone created by 
northuestward migration of Marathon region along southern side 
of Llano UpUft during ocean closure. 
Eastern Cordillera. Uplifted since Late Miocene due to 
compression and dextral strike·slip motion caused by 
Panama--Colombia collision. \vas shallO\v· -water sea and received 
Permian molasse from adjacent uplifted Cordillera Central 
during collision. 
Eagle Mills Formation. Predominantly Upper Triassic continental 
red beds filling grabens and obscuring basement. 
Fort Worth Basin. Pennsylvanian foreland basin related to 
loading of Ouachita structural belt. 
Guajira Block. A northern extension of Cordillera Central (see 
Cordillera Central). 
Guinea Plateau. Extended and submerged pre~Mesozoic continental 
crust which must be included in Alleghenian reconstruction. 
Illinois Basin. Intracontinental basin initiated during Early 
Paleozoic~ reactivated 1n Alleghenian orogeny with the 
intersection of ~lississippi Embayment and Rough Creek fault 
trends. 
Kerr Basin. Early Permian foreland basin, related to loading by 
Marathon thrust sheets (Ouachita structural belt)., 
LlcillO UjJllfi... Slable buttress of i~orth America during 
collisiong foreland bulge to the Ouachita struitural belt. 
Nerida Andes. Uplifted since Late l1iocene during Andean 
Orogenyo 1-Jas shallow .. water sea and received Permian molasse 
from nearby uplifted Cordillera Central (Santa Marta and 
Guajira). 
Narfa Basin. Early Permian foreland basin related to loading of 
Marathon thrust sheets. 
Nississippi Embayment. Structural low~ floored by Precambrian 
rift 9 only slightly reactivated during Alleghenian collision 
and Mesozoic riftingo but underwent extension and volcanism in 
Cretaceous. 
Mauritanides Foreland Basins. Devonian to Permian foreland 
basins related to loading by Mauritanides thrust sheets during 
collision. 
Midland Basin. Shallow 0 cratonic basin adjacent to Delaware 
Basin~ cause uncertain. 
Middle Grounds Arch of Northwest Florida Platformo Structural 
basement high 9 or horstg defines edge of pre~l1esozoic 
continental crust in northeast Gulf. 
Marathon Mountains. Metamorphosed Paleozoic continental rise 
and slope sediments and orogenic flysch thrust up onto North 
American shelf sequence during Late Pennsylvanian to Early 
Permian time. 



TABLE 1.1 (continued) 

Abbreviation Explanation 

HPG 

MSB 

HU 

HyH 

ND 

OD 

p 

PMSM 

PT 

PTFS 

RCFZ 

SG 

SM 

TA 

VRP 

VVB 

IvA 

wu 

1 

Mexican Paleozoic Geosyncline. Foreland basin related to 
emplacement of Huastecan thrust sheets during Early to Middle 
Permian tj_me. 
Mississippi Slate Belt. Dextral shear zone created by migration 
of Ouachita region and Yucatan along southern end of 
Appalachians during Carboniferous ocean closure. 
Monroe Uplift. Basement high. possibly stranded continental 
remnant of Gondwana. 
Maya Hountainsa Deformed Upper Paleozoic igneous and 
sedimentary rocks. Shales and sands (Maya Series) correlated 
to Santa Rosa of Guatemala. Desmoinesian-Early Permian 
sediments of U.S. Gulf Coast. and Lower Permian of Colombia. 
Nashville Dome. Southern portion of Cincinnati Arch (see 
Cincinnati Arch). 
Ozark Dome. Structural basement high 9 foreland bulge related to 
loading of Ouachita thrust belt. 
Paraguana Block. Northward extension of Cordillera Central (see 
Cordillera Central). 
Proto-Mojave-Sonora Megashear. Possible? zone of dextral 
continental escape during collision. 
Pedregosa Trough. Foreland basin related to emplacement of 
Huaslecan chrusts in Permian timea May also be site of dextral 
transform motion allowing continental escape of Mexican 
peninsula. 
Pedregosa Trough Fault Systemo Postulated zone of dextral slip 
enhancing development of Pedregosa Trough and allowing 
continental escape of Mexican peninsulao 
Rough Creek Fault Zoneo Zone of intracontinental dextral shear 9 

accommodating shortening in southern Appalachians during 
Carboniferous a 

Sierra Guaniguanico 9 Cubao Prior to Paleogene Cuba-Bahamas 
collision. this continental crust belonged to northeast margin 
of Yucatan. 
Santa Marta Blocko Northern extension of Cordillera Central 
(see Cordillera Central)o 
Tampa Arch. Pre-Mesozoic basement high off southwest Florida 
Platform. forms western portion of Florida Straits Blocko 
Valley and Ridge Province. Folded platform cover in front of 
primary Appalachian thrust sheetso 
Val Verde Basino Early Permian foreland basin related to 
loading by Marathon thrust sheets. 
Wiggins Archo Metamorphic pre-Mesozoic basement high. 
originally part of Gondwana. 
lvichita Uplift. Dextral shear zone related to minor 
Pennsylvanian northwest\vard displacement of Llano block 
relative to midcontinent. 
Franklin Mountains. Upper Paleozoic carbonate shelf of North 
America [Bridges. 1970]. 



Abbreviation 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 
18 

19 

20 
21 

22 
23 
24 

25 
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TABLE 1.1 (continued) 

Ex plana bon 

Bisbee 1 Arizona. Upper Paleozoic carbonate shelf of North 
America (Bridgess 1970]. 
Cananea. Upper Paleozoic carbonate shelf of North America 
[Bridges s 1970]. 
Sierra Los Ajos. Upper Paleozoic carbonate shelf of North 
America [Bridges s 1970]. · 
El Tigre. Upper Paleozoic carbonate shelf of North America 
[Bridges 9 1970]. 
Solitario. Surface exposure of southern continuation of 
Marathon belt [Bridges, 1970]. 
Mina Plomosas-Placer de Guadalupe. Marathon equivalent, 
Ordovician to Devonian limestone 9 dolostone 9 cherts 
Carboniferous shale and carbonate" Permian reefs and shale 
[Kings 1975]. 
Sierra del Cuervo. Wolfcampian highly deformed but little 
metamorphosed shale and sand [Kings 1975]. 
Sierra de la Mojina. Lower Cretaceous conglomerate with 
metasedimentary clasts with ages of 330-350 Ma [King, 1975]. 
Villa Ahumada Borehole. 1600 m of shale and silt, upper part 
Wolfcampian [Bridges, 1970]. 
Ciudad Victoria (west of). Thrust slices of Precambrian 
gut=it:>::ls ::;chists 9 Silurian to Devonian black shale, cleaved 
Carboniferous-Permian flysch 9 ultramafics [Kings 1975; De 
Cserna, 1976; Salas, 1970]. 
Aramberri. Pre-Mesozoic phyllitess schists 9 metavolcanics 
[King, 1975]. 
Catorce. Ultramafic (ophiolite?) abducted with the Huastecans 
[de Cserna 9 1976]. 
Potrero de la Mula. Granodiorite plutons dated at 206 i"la, 
dating is questionable [Kings 1975]. 
Las Delicias. Permian volcaniclastic shale and greywacke 9 reefi 
carbonates 9 highly fold~d, and intruded by Triassic (cooling 
age) granite [Kings 1975]. 
Sierra del Carmen. Phyllites marble, quartzite, greenschists 9 

263-275 Ma on metamorphics [King 9 1975]. 
Borehole. Bottomed in Paleozoic schists [King 9 1975]. 
Borehole. Bottomed in Paleozoic slate and quartzite [King 9 

1975] 0 

Borehole. Bottomed in granite-gneiss 9 358 Ma [King, 1975; Flawn 
et al. 9 1961] • 
Borehole. Bottomed in Paleozoic granite [King, 1975]. 
Cajamarca Group. Exposures of orthogneiss 9 tuffs, basic lavas 9 

metatonalites. Metamorphic cooling ages: biotite, 239 Ma; 
muscovite 9 214 Ma [Irving 9 1971 9 1975; Shagam 9 1975]. 
Granitic schists 9 metamorphism 215 Ma [Irving, 1975]. 
Granitic schists 9 metamorphism 220 Ma [Irving 9 1975]. 
Borehole. Yucatan no. 1. Meta-andesite 9 330 Ma and 290 Ma 
[Marshall, 1974]. 
Borehole. Yucatan no. 4. Metaquartzite [Marshalls 1974]. 



/.6 

28 

/.9 

30 

31 

32 

33 
34 

l"/ 

TA:SLE L l (continued) 

Explanation 

Bo:n')hoJ.e. DSDP 537a Phyllit?.~ M.o .. 9 Ma. and 1: . .')6 Ma [Sc:hJ.agc:r ci.: 

aL 1981.:. J o 

Borehole" DSDP 538A o Amph5 boli tc gneiss~ L~96 Ma and 31-:.8 Mao 
Also Mabase 9 190 Ma and 165 Na on diffex·ent sills [Schlager' et 
aL 1984] o 

Borehole. Pre-Jurassic(?) granodiorite R. N. Erlich 1 personal 
communication~ 198L:.) o 

Borehole. Pr~~urassic(?) granite (R. N. Erlich. personal 
communication. 1984). 
Borehole. Mississippian rhyolitic tuffs [Nicholas and \vaddell. 
1982] 0 

Borehole. Desmoinesian~Early Permian shallow~water. undeformed 
clastics and carbonates [Nicholas and Waddell. 1982]. 
Borehole. Granite and phyllite. metamorphic ages of 270 Ma to 
325 Ma [Cagle and Khan. 1983; J. Cagle. personal communication. 
198/d 0 

Borehole. Precambrian at 8.8JJ feet [Case and Holcombe. 1980]. 
El Bau1. Paleozoic sediments metamorphosed in Late Paleozoic. 
granite intrusion 28"1 Ma (Feo~odecido et al.. 1984]. 
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Campeche salt deposits in the Gulf of Mexico (Figure l.~)o Models of plat0 

sepa:<:at:i.on (and hence of :recons?".n1ct.:i.oD) muGt recognize that. sPafl.ocrc 

spr.ead:i.ng separated a once- ·single GuJ.f vri.de S8J.t p2u into its c:ompo11ent. 

pan:,s [Hh:Lte" 1980]. Thus 0 it. is px·cbo.blc that the Yucatai1 block" but not 

the Chortis bJ.ocko fit bet\>Jeen the U.S. Gulf Coast and Venezuela prior to 

saJ.t deposition. This positioning of Yucatan provides the necessary 

geometry of opposing margins for a light fit between Gondwana and Laurussia 0 

and explains the Ouachita structural embayment of the Alleghenian Orogen. 

The Florida Straits Block 
~-~ r-~---=-...> "-"---~---=---~ ·-~ 

Several lines of evidence suggest that southern Florida and much of the 

Bahamas Platform are underlain by pre-Mesozoic continental crust 9 a block 

(or blocks) referred to here as the Florida Straits block (Figure 1.2). 

The nature and age of basement beneath the Bahamas has been debated for 

decades 0 as geophysical and well data have not yet provided a conclusive 

answer. However" gravimetric" magnetic" and seismic data [Uchupi et al.; 

1971] suggest that presumably pre~Mesozoic 9 attenuated continental crust 

underlies the western half of the platform 0 whereas the eastern half is 

oceanic. Basement of the oceanic portion must have been raised to the 

photic zone early on to initiate carbonate bank development 9 presumably by 

plate motions along transform faults 9 or by volcanism 9 during the separation 

of North America and Gondwana. Recently acquired seismic data along the 

northern Bahamian margin (J. W. Ladd 0 personal communication 9 1984) indicate 

that the western Bahamas are underlain by attenuated continental crust as 

far east as Tongue of the Ocean. A similar eastward extent is suggested by 

the Punta Alegre evaporites of northern Cuba [Pardo 9 1975] and by the 

possible salt occurrence [Lidzv 1973] beneath Exuma Sound (Figure L2) 0 if 
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it is assumed that evaporite sequences pertaining to continPnt~J breakup are 

:fo:(·med prima:rily in shaJJ.o1:1 Ha.ter. 0 often on att0.!.H1ai:0.d continental c':'uot d:..1~: 

to initial subsidence during riftins" The southe~n ma~gin of the Bahamas 

HBS imbricated in thrusts as Cuba collided with the Bahamas in the PaJ.eogene 

[Gealey. 1980; Dickinson and ConeyD 1980]. providing surface exposures in 

no:rthern Cuba of early Bahamian strattg~raphy a The eastHard extent of the 

Punta Alegre closely matches the extent of continental crust suggested by 

Uchupi et ala [ 1971] a 

In the subsurface of the southern Florida Shelf. the recent drilling of 

granitic basement rocks of the Tampa Arch (Figure la2) at depths of 3 to 3a7 

kilometres (Ra Na Erlich. personal communication. 1984) also demonstrates 

the existence of attenuated continental crusta Further. seismic sections 

presented in Schlager et ala [1984] show a block~faulted basement beneath 

the sedimentary section of the northern wall of the Florida Straits Channela 

Hence. the Jurassic rhyolites and basalts of the South Florida Volcanic 

Province of Klitgord et ala [1984] intrude and cover this stretched 

continental crust. and reflect intracontinental volcBnism during Mesozoic 

rifting between Africa and southeastern North Americaa 

It appears that the Florida Straits block (or blocks) of attenuated 

pre-Mesozoic continental crust underlies southern Florida. the southern 

Florida Shelf. and the western half of the Bahamas (Figure lo2). and must be 

included in Alleghenian reconstructionsa The fact that much of this crust 

overlaps Africa when the Atlantic Ocean is closed indicates that crust of 

the Florida Straits block has migrated some distance into its present 

position. either by internal extension during rifting or by translation from 

the site of the present eastern Gulf of Mexico along plate boundaries. as in 

Pilger [1978]a It will be seen that both mechanisms probably occurreda 
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.~tretch_in_g, Analysis of Rif_t~~ _Ivlaxgins.~ 

A:reo:~ p;,:-esent-.1 y nnde:d_a:i_n by P\'E> -Mesozoic continental r.;:-ust that lllUSL 

be: i::1teg:rc;t~d into UJC Alleghen:i_a:::. assembly m'e .sho~m :i.n Figur.2 :~. J-~c 

~xcluding western AfricaD and inr.lude the UaSa Gulf Coast margin and eastern 

Mexico 0 northArn South ArnericaD (';he Yucatan bloclcD Flor·idaD the Blake 

PlateauD and the Florida Straits blocka The Antilles and the Panama··Costa 

Rican isthmus are post~AlleghenianD Cretaceous and Cenozoic island arc 

complexes built on Late Mesozoic ocean floora The continental crust of the 

Chortis block (Figure la2) entered the Caribbean region from the Pacific 

realm during the Late Cretaceous~Paleogene (Dickinson and Coney 9 1980; Wadge 

and Burke 9 1983] and" henceD does not need to be considered in the 

reconstructiona The margins of the pre-Mesozoic blocks were considerably 

attenuated during Mesozoic riftingD so that their present geographic 

dimensions greatly exceed their formPr, prprift dimension~> and this 

extension must be restored in proper reconstructions of western Pangeaa 

The cross~sectional geometry of continental crust along each margin may 

be estimated by isostatically balancing various thicknesses of sedimentD 

crustD upper mantleD and waterD at several locations across the marginD with 

an equivalent column of "normal" continental crusta The depth to the 

sediment-crust interface can be determined seismically (reflection and 

refraction) 9 but identification of the crust-upper mantle boundary is more 

difficulta Where possibleD a component of subsidence due to flexure at the 

margin should be accounted foro Post~rift sedimentary onlap makes most 

rifted margins appear as though stretching has occurred farther inland than 

it actually haso This is matched by a corresponding sedimentary section in 

the stretched zone where more stretching has occurred than is indicated by 

Airy isostatic balancingD and the two effects compete with each other 

(Watts 9 l98l]o HoweverD within the stretched zone itselfD the effects of 
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Figure L4. Areas of pre=Mesozoic continental crust in the Gulf-Caribbean 
region and amount of synrift extension and/or subsequent change in 
shape. Pre=rift limits were determined by restoring Jurassic 
lithospheric attenuation of the rifted margins and blocks, and by 
restoring Neogene offsets of faults within northern South America (see 
chapter 7), which collectively places the northern Andean terranes to 
the southwest in the present Panama Basin area. Beta values, or 
amounts of stretching, for various margins and blocks indicate average 
crustal attenuation within those margins. Prerift shapes are used in 
the Alleghenian reconstruction of Figure 1.3. Pre-Mesozoic crustal 
extent and extension of Chortis block are uncertain. MSM, 
Mojave-Sonora Megashear after Anderson and Schmidt [1983]; TMVBL, 
Trans-Mexican Volcanic Belt Lineament; SU, Sabine Uplift; MU, Monroe 
Uplift; JD, Jackson Dome; WA, Wiggins Arch. 
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flexure are not .well understood because the crust undergoes complex changes 

in flexural rigidity during rifting. Thereforep an Airy model is used here 

in highly attenuated portions of margins. From lithospheric cross sectionsp 

total crustal extension may be estimateda assuming plane strain and 

conservation of continental crusta and discounting subsidence in the wings 

due to flexurea by defining a line that divides equally the cross~sectional 

area of continental crust on its oceanward side and the cross-sectional area 

of sediment and raised mantle on its landward side (Figure 1.5). By 

estimating the position of this line intermittently along each margin 9 the 

restored~ prerift geometries may be approximated. 

U.S. Gulf Coast and eastern Mexico. Figure 1.5 illustrates the 

restoration of attenuation in the case of the U.S. Gulf Coast 9 where crustal 

attenuation across a 760-km-wide zone was extreme. Sediment thicknesses of 

13.4 to 14.6 km beneath 0 to 1 km of water in the Gulf Coast basin [Antoine 

~l al. 9 1974] suggest beta values approaching 4. In northern Louisiana 9 

southern Mississippi and east Texas 9 as far north as the Talco-South 

Arkansas-Pickens6Gi~bertown fault system 9 shallow listric faults and rift 

' structures indicate that basement attenuation occurred 9 but was relatively 

minor compared to southern Louisiana and offshore. Subsidence has been due 

largely to flexure caused by sediment loading in the Gulf 9 although 

significant rifting occurred in the East Texas 9 North Louisiana and Central 

Mississippi salt basins. Nunn [1982] estimated beta values in these small 

basins between 1.5 and 29 but these are perhaps overestimates because they 

are upper crustal extensions not involving the entire lithosphere. 

Integration across the 760~km-wide Gulf Coast Plain and margin yields a net 

north-south extension due to rifting of about 400 km 9 or an average beta 

factor of 2.1 (Figure 1.5). Thus 9 the prerift limit of pre-Mesozoic 

continental crust through central Louisiana lies at about 30.5 
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Figure 1.5. Theoretical cross section of the U.S. Gulf Coast margin through 
and offshore Louisiana 9 crossing the Sabine Uplift, Estimated depth to 
basement after Antoine et al. [1974] and Woods and Addington [19731. 
ocean-continent boundary after Buffler et al. [1981]. South of the 
apparent hinge zone 9 crust 9 mantle 9 sediment and water are balanced 
with an equivalent column of normal crust using an isostatic Airy model 
ignoring flexure 9 which is an adequate approximation in this area as 
the effective rigidity of the lithosphere was thermally reset (reduced) 
during rifting. Subsidence over the 220 km of the Gulf Coast to the 
north of the hinge zone is largely due to flexure. but extensional 
basement faulting did occur (South Arkansas fault zone. Gulf Coast salt 
basins. for example). An average extension of 20% (beta~1.2) is 
estimated for this zone 9 considering that little or no rifting occurred 
within Sabine Uplift and that beta estimations of 1.5 to 2 for 
stretching in the salt basins which assume homogeneous stretching of 
the entire lithoshere [Nunn. 1982] are probably overestimates. Hence. 
only an additional 44 km are removed from the restored limit determined 
by Airy balancing south of the hinge zone. 



8pproximately along the Tepetate fault system (figure 1.2). SiwilHx analyses 

at othex· locations along the msrgin lesd to the pTerift llmit of 

pre· .;•1esozoic cn1st shOi·m ::.n Figu:ce LL;o 

Along eastern MexicoD basement drops off quickly along the eastern side 

of the Tamaulipas Arch 1 the Golden Lane high 1 and offshore along Veracruz 

(Figure lo2)o As will be discussed later 0 this curvilinear line defines a 

margin viewed here as the remains of a transform fault between Mexico and 

Yucatan which formed as the latter migrated away from the UaSa Gulf Coasta 

Hence~ crustal attenuation due to rifting is believed to be negligiblea 

The Yucatan blocko Basement beneath the Yucatan Peninsula lies beneath 
~~··~~~~~ 

a 4-km-thick predominantly Late .Jurassic to Cretaceous carbonate-evaporate 

section [Lopez Ramos 0 1975] 9 except in the southern 1 orogenically active 

portion and along the eastern basement higho The thickness of this section 

suggests a 20% extension of crust 9 but the absence of a well developed 

rift-related clastic section may indicate that much of this deposition is 

due to flexure-induced subsidence relating to the cooling and loading of the 

surrounding oceanic crusto Greater but uncertain sedill1entary thicknesses 

occur beneath the Campeche Shelfp where rifting probably was more severeo 

Northwest of the Campeche Escarpment 9 an 80~km-wide rifted margin is 

overlain by 7 to 8 km of sediment and about 3 km of water [Buffler et ala. 

1980] 9 suggesting a beta factor of about 5 and 64 km of extension within 

this narrow belto Sediment thicknesses beneath Tabasco and westernmost 

Campeche (6 km) and offshore beneath Campeche Bay (8oS km. under 2 km of 

water) [Buffler et ala 9 1984] indicate beta values 

400-km-long 1 northwest trending 0 cross~sectiono 

of laS to 3a7 over a 

In addition to stretc~ing. 
Cenozoic faulting also has altered the original shape of Yucatano First, 

continental 9 terrigenous shelf sediments and crust originally belonging to 

the northeastern Yucatan block but presently in Sierra Guaniguanico of 
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WP.stern Cuba (Figure 1.2) was caught up in the Paleogene collision of Cuba 

with the Bahamaso Secondp sinistral displacement (about 130 km) of Yucatan 

basement has occurred along the Polochic Fault of Guatemala during the 

Neogene [Burkart 9 1978 9 1983; Deaton and Burkart 9 1984]. Both offsets must 

be restored to original geometryo 

Following these considerations~ and assuming that the Yucatan 

Platform 1 s 4 to 5 km thick sedimentary section is half due to subsidence 

arising from stretching and half from flexure 9 the prerift shape of the 

Yucatan block (Figure lo4) was approximately 20% smaller than it is todayo 

The direction of extension is northwest· (present coordinates) 9 perpendicular 

to the Campeche Escarpmento 

Synrift continental extension in Yucatan combined with that in the UoSo 

Gulf coast 9 then 9 is about 500 to 520 km 9 in close agreement with the 

estimate of 490 km by Sawyer [1984]. 

Blake Plateau and Florida Straits block. Crustal attenuation in the 

Blake Plateau and Florida Straits block appears to be genetically related to 

the separation of Africa from North America. The sedimentary section lying 

upon block-faulted basement beneath the Blake Plateau is about 11 km thick 

[Grow and Sheridan 9 1981] and water depths average 1 km. These values 

indicate beta values of about 3. The extension appears to be in a southeast 

direction 9 parallel to the divergence of Africa from North Americao Thus 9 in 

the Alleghenian reconstru~tion the Blake Plateau must be restored to about 

33% of its present size in a northwest direction. 

Beneath the northern half of the Florida Straits block 9 the postrifting 

sedimentary section is 7 to 8 km thick (Jo W. Ladd 9 personal communicationp 

1984) 9 but in the South Florida Basin (south of Tampa Arch 9 Figure 1.2) and 

north of Cuba thicknesses may reach 12 km (Meyerhoff and Hatten 9 1974]. In 

the area of Cay Sal Bank 9 the 12 km sediment thickness is partly due to 
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rh:rust imb:-cication pertaining th<> Paleogene Cuua· ·Bahamas collision 

[Dickinsou a.nd Cc:~.~y? 1980; G2alcy~ J.980L • . ..rhe:·.-ea~ Lhe 9 km th:7,ck section in 

the Andros area ahead of the thrusts [Meyerhoff and Hatten 9 1974] is largely 

due to increnAed subsidence and sedimentatj_on rates caused by foTelaud 

loading. In the Andros wellQ Paleocene·~liddle Eocene deposition occurred ~ 

times faster than before and after this foredeep development [Paulus, 1972]. 

leading to an accumulation of about 1.5 km greater than would have been 

allowed by subsidence arising from thermal decay and sedimentary loading; 

therefore. only about 7.5 km of the total deposition was driven by 

stretching and thermally induced sedimentary loading. Offshore at Tampa 

Arch and its flanking Florida Elbow and South Florida Basins, depth to 

basement ranges from 3 km to over 6 km (R. N. Erlich, personal 

communication, 1984), suggesting beta values of 1.2 to 1.8. 

Because of the comlexity of the Florida Straits region, flexure is only 

considered as it pertains to the Paleogene collision with Cuba. By 

integrating the above sediment thicknesses over the geographic area for 

which they exist and discounting the effecLs of Lhe collision, a 

rifting-induced sedimentary sequence averaging about 8 km is indicated for 

the Florida Straits block as a whole, which suggests a beta factor of about 

1.8 that must be restored in the Alleghenian reconstruction. 

Northern South America. Because the northern South American rifted 

margin has been so highly obscured by compressive deformation related to 

Caribbean evolution, crustal attenuation due to rifting cannot be 

estimated. However, significant changes in the shape of northern South 

America due to accretion and to internal strike-slip motions may be 

quantified, as outlined in the next section. 
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Three episodes of tectonism have significa11tly altered the Jurassic 

shape of n.or.thcrn South America sj.nce i:he br.eakup of Pangeaa The first \·Jas 

the accretion of Cretaceous aged basement of the Western Cordfllera of 

Colmabia and Ecuactor in Le te Cr.·etaceous ti.me [ Ban:e1·o 9 19/9 ~ Ivlooney ~ l. 980 J a 

The second Has the aLc:ret:i.on of the Netherlands· -Venezuelan Antilles volcanic 

arc (Aruba~ Curacao 9 Bonaire 9 Aves 9 Roques 9 and Orchila) against the 

northern margin of Venezuela in Late Cretaceous to 

1974~ Gealey 9 1980; Beets et aL 9 1984)a The 

Paleogene time [Mareschv 

third has been internal 

deformationv mainly by motion along several strike·~slip faults 9 of northern 

South America over the last 9 Ma amounting essentially to 290 km of 

northeastward migration of the Andean Cordilleran terranes of Ecuador 9 

Colombia and northwestern Venezuela~ relative to cratonic South America (see 

chapter 7)a The effects of each episode on northern South American geography 

Quantifying the late Neogene deformation of northern South America to 

determine its paleogeography at 9 Ma is achieved by restoring kno1m and 

inferred post-nine Ma offsets upon faults and plate boundaries separating 

terranes and plates of the southern Caribbean realm (chapter 7)o Late 

Neogene motions. between the terranes and plates can be described by a 

vector-triangle diagram (Figure 1o6) 9 the restoration of which produces the 

9 Ma paleogeography of Figure 1o7o The cause of this uplift and deformation 9 

and drastic paleogeographic change" is 0 most likely~ the progressive 

collision of the Panama arc with western Colombia [Pindell and Dewey 0 1982; 

Wadge and Burke~ 1983] 0 and the subduction of buoyant. young crust produced 

at the Galapagos spreading center. which includes the Carnegie and Cocos 

aseismic ridges. beneath the Cordilleran terrane of Colombia and Ecuadoro 

The islands offshore northern Venezuela (Aruba to Orchila. Figure 1o7 9 

inset) are composed largely of Upper Cretaceous plutonic and volcanic rocks 
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relative motion 9 on the faults shown 9 over the last 9 Ma. VC 9 thrust 
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shape of northern South America used in Alleghenian reconstruction 9 

derived by removing Aruba-Orchila and Western Cordillera accreted 
terranes from pre-Late Miocene paleogeographic reconstruction. 
Modified after Figure 7.2 of chapter 7. 
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intruding and ovei·lying a Lower Cretaceous mafic sci·ics which probably 

repr~sents o~esni~ cru~t [Mares~hc 1974; Beets et ala~ 1984)" Henceu the 

islands comprise an intraoceanic arc which developed and collided with 

Venezuela subsequent to the breakup of Pangea" La Blanquilla (southern 

portion of Aves Ridge)u Margarita (origin uncertain) and Tobago (accreted to 

leading edge of Caribbean Plate at an unknown time) also are composed 

entirely of post~Paleozoic rocks. In Venezuela" the ultramafic bearing 

Villa de Cura Klippe and associated nappes have been interpreted as the 

oceanic forearc [but see Beets et al. 0 1984] of this Netherlands~Venezuelan 

Antilles arc 0 which was abducted onto northern Venezuela during Late 

Cretaceous to Paleogene arc-continent collision [Maresch 0 1974; Gealey 0 

1980]. Because pre-Mesozoic basement occurs near the coast to the north of 

the Villa de Cura. the precollision edge of northern South America 

apparently lies along the coast or offshore within the Bonaire Basin. but 

the offshore islands must be excluded from Pangean reconstructions. 

In the Western Cordillera of Colombia and Ecuador (Figure 1.7 1 inset) 0 

pre Cretac~ous rocks are absent. Cretaceous basic igneous rocks (Pinon, 

Basic Igneous Complex, Diabase Group) overlain by deep-water abyssal 

sediments may represent oceanic crust accreted to the Cordillera Central in 

the Late Cretaceous [Mooney 0 1980; Irving" 1975; Shagam, 1975; Feininger and 

Bristow 9 1980; Barrera, 1979; Goossens and Rose, 1973; Duque-Caro, 1979]. 

Rocks typical of island-arc volcanism are present [Henderson" 1979], but 

these probably postdate the accretion of the basement complex to South 

America and, hence 0 represent arc volcanism along the newly accreted South 

American margin rather than volcanism at a preexisting arc of Pacific 

provenance that collided with Cordillera Centralo The cause of accretion may 

have been due to the young age and consequent buoyancy of the oceanic crust; 

accretion occurred only a short time after formation. The basement complex 
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mayD in fArt; be an occurrence of occan1r rJ·ust that ~~~ uffected by the 

NiddlP Cretaceous B'' extrusion 0VAnt of the Carihhean Plate [Burke et al. 0 

19'/8] that 0 z·c:ther. than entering Uw Caribbean 0 1:ms accreted l:o weste:m 

Soutla America. In addition to the Western Cordillera 9 the Neogene··eccreted 

Panama arc [Wadge and Burke 0 1983] also must be removed from South America. 

The removal of post~Paleozoic accreted terranes and restoration of 

Neogene deformation produces the pre~Campanian shape of northern South 

America shown in Figure 1.7 9 inset. This shape is believed to represent the 

Jurassic shape of northern South America 0 although Sierra de Santa Marta and 

the Guajira Peninsula may have 

Cretaceous-Paleogene(?) from 

migrated 

the an~a 

northeastward 

of the Lo1:1er 

during the Late 

Magdelena Valley 

[Duque-Caro 9 1979]. Also 0 deformation prior to the Campanian is possible 0 

but the stable shelf conditions that prevailed during the Early Cretaceous 

over much of northern Sooth America [Mareschs 1974; Irvingp 1915] suggests 

relative tectonic quiescence at that time. 

The E_g__uatorial Atlantic (Braz_:i)-Guinea) Assembly: 

The opening of the Equatorial Atlantic between northeast Brazil and the 

Guinea margin of Africa postdated the opening of the Gulf of Mexico. Because 

-Africa's relative motion with respect to North America during the opening of 

the Gulf can be traced by magnetic anomalies in the Central Atlantic 9 the 

pre-rift reconstruction of South America with northern Africa defines 0 

through the three-plate circuitp the relative relationship between North and 

South America during Gulf evolution. 

Pindell and Dewey [1982] and Klitgord et al. [1984] suggested that the 

mid-Cretaceous South America-Africa fit of Rabinowitz and LaBrecque [1979]p 

which is tighter than the South Atlantic fit of Bullard et al. [1965] 9 
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existed also during the Jurassicc Rnri should be used when modeling the Gulf 

of Mexico. HoweverD thjs tighter fft overleps PrecHmbri&n crt1st between 

Liberia and northernmost Brazil by about 30 km, demonstrE~ing the need for 

minor improvement. A revised Equatorial Atlantic reconstruction is shown in 

Figure l.Bu which aligns the prerift limits of continental crust along the 

northern Brazil and Guinea margins. These limits were determined by 

removing marginal sediments and restoring the inferred syn~rift extensionD 

as in Figure 1.5 for the Gulf margin. This fit describes the interplate 

relationship between northern Africa and South America prior to Aptian plate 

divergence in the Equatorial Atlantic and throughout the opening of the Gulf 

of Mexico. 

The Yucatan Block: 

The Yucatan block played an important role in the evolution of the Gulf 

of Mexico. Its rotated prerift position against Texas and Louisiana as 

portrayed by Pindell and Dewey [198?) accounts for such problems as the 

Ouachita salient and the apparent absence of Late Permian to Triassic marine 

rocks in the Gulf region by allowing complete continental closure by the 

Permian. Furtherp magnetic anomaly lineations in the central Gulf of Mexico 

are oriented nearly east-west and diverge to the west (Shepherd et al., 

1982; S. Hall, personal communication, 1984]. This trend is clearly distinct 

from the Central North Atlantic trend and is consistent with an origin of 

the Gulf of Mexico by counterclockwise rotation of Yucatan, as suggested by 

Pindell and Dewey [1982]. 

Rock types also constrain this initial position of Yucatan. The Chuacus 

Group in Central Guatemala is a metamorphosed (greenschist to amphibolite) 

collection of marbles, quartzites, greenstones, schists, serpentinites and 
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Figure lo8o Prerift Equatorial Atlantic reconstruction 1 matching restored 

limits of pre=Mesozoic continental crust of the continental margins 9 

methodology for which shown in Figure LSo Following "Hypothesis rrn of 
Delteil et alo [1976] 1 Sto Paul fracture zone juxtaposes Cape Palmas 
w; t-h_ t-he mat~th of the .1\m~::::ori 1 the Rom~nchc ju::.:to.poses Co.pe o.C TiJJ.'t=t­
Points with the Berreirinhas Basin and the Chain juxtaposes the Ilesha 
Spur of southwest Nigeria with the Potiguar Basino Guinea fracture zone 
margins well defined by Behrendt et alo [1974). Delteil et alo 
[1976]. McMaster and Ashraf [i973]. and Sibuet and Mascle [1978]o 
I:=;npar.honR date. f:rom Asmus and Ponte [ 1975]. Milliman [ 1979 L ailll 
Whiteman [1982lo Restoration of prerift continental limit beneath Niger 
Delta from Delteil et alo [1976]o Cross sections AB and CD constructed 
from figure 5 of Milliman [1979]. and section EF from Ojeda [1982] and 
Asmus and Ponte [1975]o Removal of sediment at Amazon mouth 9 and 
restoration of attenuation in the Amazon and Marajo Basins. allows this 
tighter fito Clockwise rotation of the Para~Maranhao Platform during 
plate separation produced the westward deepening Marajo Basino The 
suggested pivot point for· closure of Marajo Basin (arrows denote 
closure direction) is amidst area of basement fractures~ as showno 
Northern edge of Para=Maranhao Platform is a fracture zoneo Note good 
alignment of Sao Luis and West African Cratons (heavy line with 
adjacent dots)o Also. gap between Demerara and Guinea Plateaus seen in 
the B~llard et alo [1965] fit is avoided 1 which explains the absence 
of Jurassic marine sediment east of the plateauso The adverse effect 
of this Equatorial fit on the southern South Atlantic fit can be 
reconciled by restoring extensional deformation in central Africa 
[Wright. 1968]. and in Argentinao See Table /.o2 of chapter 2 for total 
rotation parameterso 
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volcanic rocksD with granodtoritic intrubiUIIbu whose age is known only to be 

prs··Permian on the b2sis that it is 11n~onforwsbly ove~lain by the Pelmian 

Santa Rose Group [Roper 0 1918; Van de~ Bocm 0 1972; Anderson et al. 0 1913]. 

Preserved within a sect~on apparently of the Chuacus Group that was only 

moderately meta~orphosed 0 however 0 are Carboniferous ·(probably Lower 

Carboniferous) fossils [Van den Boom 1 1912]. Thus 9 regardless of the 

age··range of the Chuacus stratigraphy~ the age of metamorphism apparently is 

Carboniferous. Isotopic evidence [Gomberg et al., 1968] on the Rabinal 

Granite 9 a probable synmetamorphic melt from the granitization of a Chuacus 

arkose [Van den Boom 1 1972] 1 produces posstble ages of 1075 Ma plus or minus 

25 and 345 Ma plus or minus 10. The latter is compatible with a Lower 

Carboniferous age. It appears 1 therefore, that the deformation and 

metamorphism exhibited by the Chuacus Group can be attributed to Alleghenian 

orogenesis. Alleghenian orogenesis as modeled by Dewey [1982] would suggest 

a prolonged period of deformation and metamorphism for the rocks of Yucatan 1 

as they occupied a shear zone between North and South America from latest 

Devonian to earliest Permian time. FurLher support for proximity ot 

northwestern South America and North America by Late Devonian time is based 

on the presence of Appalachian basin marine invertebrate fauna of that age 

in Colombia and Venezuela [Boucot 9 1975; Barrett 9 1983]. Sediments of the 

unconformably overlying Santa Rosa Group (Permian) probably were shed from 

exposed portions of the Chuacus 9 and other structural highs in the orogenic 

zone 0 into shallow marine molasse basins during the final stages of 

orogenesis 1 as the~ are far less deformed and relatively unmetamorphosedo 

In the Maya M~untains of Belize (Figure 1.2), a variably deformed 9 

argillaceous to conglomeratic sequence of Pennsylvanian~Niddle Permian age 

overlies older (?)gneissic basement with granitic intrusions [Dawe 9 1984; 

Nelson 1 1984; Bateson and Hal1 1 1977; Dixon 9 1957]o At least the upper part 
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of the sedim~ntRry ~Prtion consists of shallo~-wntcr? fossi l.ifer-ous ' . uJu.La.::;::;.Lc 

.shales and cong lomer·a tcs? and ;,.. __ ..., J j_ thoJ.og:lcall y ar.d 

biostratigraphically correlative with the Santa Rosa Group of Central 

Guatemala [Anderson et al. 9 1913}. These deposits are very similar in 

lithology and age to the Desmoinesian to !.ower Permian late to post-orogenic 

molasse deposits in the subsurface of the U.S. Gulf Coast [Woods and 

Addington 0 1973) and to the Lower Permian strata of northwest South America 

[Shagam 1 1975]. These localities align in a continuous belt behind the main 

Alleghenian thrusted zone to the north. providing support for the 

reconstruction from a sedimentological perspective. 

In the subsurface of northern Yucatan. meta~andesite/dacite was drilled 

(Yucatan No. 1, see Figure 1.2) and isotopically dated as 330 Ma and 290 Ma 

[Narshall 0 1974). The andesite may represent an occurrence of the 

Alleghenian arc that theoretically should have existed; the isotopic age is 

consistent with a thermal resetting during the period of closure between 

Gondwana and Laurussia. At Catoche and a n~ighboring knoll of the Yucatan 

blockD DSDP holes 538A and 537 (Figure 1.2) reached Paleozoic basement as 

well [Schlager et al •• 1984]. Hole 538A sampled amphibolite gneiss with 

isotopic ages of 496 and 348 Ma. and hole 537 obtained phyllite with ages of 

449 and 456 Ma. The 348 Ha age can be attributed to thermal resetting during 

the Alleghenian orogeny [Schlager et al •• 1984]. whereas the older ages are 

similar to many of those recovered from the basement of Florida [Smith. 

1982]. That Florida belonged to Gondwana prior to Alleghenian collision is 

clear from its pre~Carboniferous Afro~South American fauna [Cramer. 1971; 

Pojeta et al •• 1976]. Similarities between Yucatan and Florida would imply 

the same for Yucatan. Lithologies and Upper Paleozoic isotopic ages of 270 

to 325 Ma on rocks (phyllite. granite) from a well penetrating the Wiggins 

Arch (Figure 1.2) [Cagle and Khan, 1983; J. Cagle. personal communication, 
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19841 are similar to those re~ovPrPd from the Yucatan block and may sugeFst 

that the Wiggins Ar~h wR~ p~rt of Gondwana as well" All liP to the south of 

Lhe proposed Alleghenic.m sutur.·eo 

The above considerations provide geological and quantitative 

geometrical constraints on reconstuctions of western Pangea. Although Middle 

to Late Paleozoic convergence between Laurussia and Gondwana is poorly 

understood 9 patterns of Alleghenian orogenesis and Late Paleozoic 

sedimentation appear to be best explained by complete ocean closure during 

continent-continent collision 9 within which the Yucatan block filled the gap 

between Venezuela and the U.S. Gulf Coast margin (Figure 1.3). The probable 

suture zone 9 from east to west 9 lies between the Appalachians and the 

Mauritanides of western Africa; crosses Georgia between the Suwannee Basin 

and the Southern Appalachians; continues north of the Wiggins Arch and 

Sabine Uplift 0 following approximately the trend of the Gilbertown~South 

Arkansas-Mexia graben system; is offset by the Texas Lineament along the 

Devil 9 s River Uplift (essentially a tear fault); swings to the south of the 

Marathons but again is offset 9 possibly by a proto-Pedregosa Trough fault 

system 9 and passes to the northwest of the Coahuila Platform and then south 

between the Huastecan belt of Mexico and northwest South America. Whether 

the Chortis block was part of Mexico during Late Paleozoic time or whether 

it arrived later after migration along the Cordillera is unknown and 9 hence 9 

Chortis is excluded from the reconstruction. 

Accretionary complexes that were developed during ocean closure include 

the Ouachitas 0 the Marathons and the Huastecans. All of these accretionary 

complexes overthrust Paleozoic shelf rocks of North America 0 suggesting that 
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final conv~Tg~nce was achieved by southed~L Jl~~lug subduction with North 

Arnei"ica 2.s ti~e dm-n:.golng plate o The case for Alleghe~ian accr2tionary 

p:cisms in i:.h~; southex-n /\pp2J.achian.s is questlonable 9 but these may :de to 

the east beneath the coastal plaino 

Alleghenian thrust-loaded foreland basins which developed on North 

America include the Appalachian~ Black Harrior 0 Arkoma 9 Fort \Vorth 0 Ker~ Val 

Verde 9 Marfa~ Pedregosa basins and the Nexican Paleozoic "Geosynclinetvo 

Distal 9 foreland bulges include the Cincinnati Arch 9 Nashville Dome. Ozark 

Dome 9 and Llano Uplifto 

Possible remnants of the expected arc between Gondwana and North 

America i.nclude the Upper Paleozoic granodiorites. andesites or volcanics 

presently found in the Central Cordillera of Colombia [Irvingg 1975] 9 the 

Chuacus Group of Guatemala 9 Yucatan Noo 1 well of Yucatan 9 the Coahuila 

Platform 9 the Sabine Uplift 9 and the basement of Floridao Zones of Late 

Paleozoic strike~slip motion leading into the North American foreland \vhich 

may have allowed escape of continental fragments include the Rough Creek 

' Fault Zone. the Anadarko Basiu/Wichita UplifL. the Delaware Basin [Qewey. 

1982] and. possibly. the Pedregosa Trougho Closure was achieved by east to 

west oblique collision from the latest Devonian through the middle Permian. 

with probable migrations of various blocks within the suture zoneo 



CHAPTER 2 

PLATE~KINEMATIC FRAMEWORK FOR GULF/CARIBBEAN EVOLUTION 
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P1ATE KINE1'1ATIC FRAMEVJORK FOR CARIBBEAN EVOLUTION: 

Introduction: 

ln cases where two continents are separated by an Atlantic~type ocean, 

r_e_l_ative _paleopositions, of the continents can be determined by finite plate 

rotations which realign continental margins and magnetic anomaly pairs of 

equal age, along flow lines defined by fracture zone traceso The relative 

_m()!:.;i,pn ~i~tor:v_ of the continental pair may then be determined by tracing the 

trajectory of one continent, relative to the other, through the successive 

relative paleopositions, throughout the spreading history of the intervening 

ocean [Pitman and Talwani, 1972]o 

In the case of the relative motion history of North and South America, 

however, a simple two~plate analysis like the above cannot be employedo 

This is bPcause oceanic crust of the Caribbean Plate is allochthonous with 

respect to the Americas, such that it probably is not related to the initial 

separation of North and South Americao Therefore, paleopositions 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]o The relative motion histories of 

both the Central and South Atlantic Oceans can be documented, and, from 

these, the paleopositions and the relative motion history of North and South 

America can be computedo As with the two-plate system, the relative-motion 

history of North and South America using the three~plate system may be 

portrayed by trajectories, or flow~lines, through the relative 

paleopositions through timeo 
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The relative paleoposi t:i ons of Nor.th e.nd South constrnin 

Gulf/Caribbean evoJut.:l.on..ary mocl.P.J . .s by definj_ng the Q_:i_zc -~·nci. §hape, of the 

Gulf/Caribbean intr&,plate realm at intervals through time. The relative 

the size and shape of the interplate realm. Thus~ the relative motion 

vector directly constrains the nature of the North America-South America 

plate boundary through time. For example 9 periods of plate divergence, as 

shown by the relative motion vector, would suggest seafloor spreading at a 

particular rate at an intervening mid~ocean ridge system~ whose transforms 

parallel the separation direction. Likewise, a period of no relative motion 

would suggest the absense of a North America~South America plate bounrlAry 

for that period. These deductions are not empirical, however, in that 

motions upon combinations of plate boundaries may sum to equal the net 

motion indicated by the relative motion vector. Such complications must be 

inferred from the rock record. 

Other plates whose motions, relative to North America, are important to 

the evolution of the Gulf/Caribbean region are the oceanic plates of the 

Pacific realm. The direction and rate of convergence of these plates may 

have controlled the style of subduction beneath, and possible microplate 

migrations along, the Pacific subduction systems of the Americas and the 

Caribbean Plate. These include the Farallon for the Cretaceous and 

Paleogene, and the Cocos for the Miocene to Recent. The Cocos is partly a 

remnant of the Farallon 9 the two having been separated by subduction of a 

portion of the Farallon/Pacific ridge and transform system in the middle 

Tertiary [Atwater, 1970]. This, and the Early Miocene initiation of seafloor 

spreading at the Galapagos Ridge [Klitgord and Mammerickx 9 1982; Mammerickx 

and Klitgord, 1982], have resulted in differing motions of the Farallon and 

Cocos Plates, relative to North America, since the Early Miocene. Other 



Pacific oceanic plates may have interacted with th~ Americas during the Late 

Triassic through earliest Cretaceous 0 but these cannot be identified with 

existing knowledge of Pacific plate-~otion history. 

In tl1is chapte~ 0 1~ paleopositiotis and the relative motion history are 

defined for North Americs/Africa 0 and 10 paleopositions and the relative 

motion history are defined for, South America/Africa. From thesep IS 

paleopositions and the relative motion history for South Ame1ica/North 

America are computed. The difference in the number of paleopositions arises 

from the fact the initial rifting in the Equatorial Atlantic between 

northern Africa and northeast Brazil (Aptian) postdates that between Africa 

and North America (early Middle Jurassic). Hence 0 for the Middle Jurassic to 

Aptian interval 0 the spreading history of the Atlantic can be described as a 

two~plate system 9 involving relative motion of North America and Gondwana. 

In the southern South Atlantic Ocean 9 rifting began in the latest Jurassic 

and propagated northwards throughout the Early Cretaceous [Rabinowitz and 

LaBrecque 0 1979] 0 entering Benue Trough rather than the Equatorial Atlantic 

[Pindell and Dewey 0 1982; Klitgord et al. 9 1984]. These factors do not 

affect the Gulf/Caribbean region 9 however 0 and are not treated here in any 

detail. 

The time intervals and magnetic anomalies for which paleopositions and 

relative motions are defined are: early Middle Jurassic 9 Bathonian (Blake 

Spur) 9 Late Callovian 0 Tithonian (M~21) 9 Early Berriasian (M-16)p Early 

Aptian (M-0) 9 Late Albian 9 Early Campanian (34) 0 Late Campanian (32)p Late 

Paleocene (25) 9 Middle Eocene (21) 9 Early Oligocene (13) 0 Early Miocene (6)p 

Late Miocene (5) 0 Present. 

Farallon and Cocos wit~£e~~ to North America: 
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Rngebretson [1982] has analyzed Farnllon/North Ameri~a ~elative motion 

history since the Early Cretaceous. Unfortunately~ estimates o[ 

pre·~ampanian relative motion may be inaccurate, due to the absence of 

magnetic polarity reversals during the Cretaceous Magnetic Quiet Period~ and 

to the possibility of the existence of unknown plates and plate-boundaries 

in the Pacific prior to that time. Engebretson's poles are in part derived 

from the assumption that a hot~spot reference frame exists within the 

mantle, such that hot·~spot 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 hot-spot trackso This may or may not be true, but close 

agreemen~ with Engebretson's analysis of Farallon/North America relative 

motion comes from integration of relative motions between members of a 

global circuit of plates only, using an east and a west Antarctica [Jurdy, 

1984]. Further, the predicted relative motion history is iteratively 

supported by cause-and-effect relationships between plate motions and the 

geological development of the North America Cordillera [Page and 

Engebretson, 1984]. Despite the potential problems, and in lieu of a bettel' 

analysis, Engebretson's Farallon/North America poles are assumed to be 

satisfactory for the entire interval Cretaceous to Oligocene, after which 

time relative motion of the Cocos Plate becomes more important. 

Determining relative motion between the Cocos and North American Plates 

is highly conjectural, involving uncertain assumptions. First. an age must 

be estimated for the time when the Cocos began behaving independently of the 

Farallon. This appears to have occurred at about 22 to 25 Ma. as marked by 

the initiation of seafloor spreading at the Galapagos Ridge [Mammerickx and 

Klitgord, 1982]. Therefore, in this analysis, the Pacific plate of 

importance to vector triangle 

the times of anomalies 6 and 

completion with North and South America for 

5 (21 Ma and 9 Ma. respectively) is the Cocos 
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PlRtA; rAther than the Farallon. 

The three-plate system of Cocos·-Pacific-North America was used to 

determine Cocos/North America relative motion for the Neogeneo Engebretson's 

Pacific/North America poles were used as a knovm 9 and this is perhaps one 

source of errorp as they are the result of finite difference solutions 

themselveso The Cocos/Pacific poles for 21 Ma and 9 Ma are extrapolated 

from the instantaneous pole and rotation rate of Klitgord and Mammerickx 

[1982]o This extrapolation is another source of errorp but 9 despite local 

ridge jumpsp the spreading rate and pole position for Cocos/Pacific relative 

motion seems to have been quite constant throughout the Neogene [Marnmerickx 

and Klitgordp 1982; Klitgord and MarnmerickxP 1982]a Using these sourcesp 

rotation parameters describing Cocos/North America relative motion for the 

Neogene were computedo 

In Table Zolp Engebretson 9 s Farallon/North America pole data have been 

interpolated or summed to define the total 

at the specific time intervals used 

Farallon/North America relative motion 

finite and stage pole parameters 

in this studyo In this wayp 

can be easily related to the 

calculated relative motions of North and South Americao For the Neogene 9 

Cocos/North America poles are listed in Table 2ol 9 as defined abovea The 

Cretaceous-Paleogene Farallon/North America and Neogene Cocos/North America 

relative motions for the various time intervals are shown in Figure 2alo The 

relative motion vectors for the intervals are calculated for 

latitude/longitude pairs at lONP 90W and SN 9 80Wp respectively 9 which lie in 

the Pacific-Caribbean interfacea Hence 9 the vectors are useful for 

constructing velocity triangles involving the North Americanp the South 

Americanp the Caribbeanp and the Farallon and Cocos Plates for the various 

time intervals used in this studyo 

Some implications of Figure Zol for Caribbean geological evolution are 



TABLE /..L ROTATION PARAMETERS, F'ARALLON/COCOS WITH 
RESPECT TO NORTH AMERICA 

total finite parameters stage pole parameters 

- -- -~-~-~---~~~----~--------~-

Anomaly Age (Ma) 

M-16 

M-0 

32 

25 

21 

13 

6 

141 

119 

100 

84 

72 

59 

49 

36 

21 

lat. 

-?.7.0 

-35.0 

-43.7 

-52.0 

-51.0 

-3LO 

-5.6 

long. angle 

295.0 104.0 

303.0 

305.0 

304.0 

303.7 

313.0 

312.0 

298.0 

279.3 

95.1 

85.2 

70.8 

58.9 

4L8 

30.1 

9.2 

lat. 

14.5 

60.7 

12.1 

8.4 

30.9 

53.7 

6L7 

47.3 

long. 

54.2 

148.1 

112.9 

106.8 

100.2 

137 01 

f69.8 

149.2 

44 

angle 

1L7 

15.7 

14.5 

19.2 

1L7 

16.1 

9.8 

24.1 -112.8 19.8 
5 9 23.0 -117.2 13.8 

23.0 -117.2 13.8 
0 0 -.-

1. Positive numbers are degrees north or east, or counterclockwise 
rotations looking down at pole. 

2. Rotation angles for total finite rotations go back in time to the 
indicated anomaly, and rotation angles for stage pole rotations 
are coming forward in time, for the indicated interval. 

3. Farallon parameters are after, or interpolated from, Engebretson 
[1982]. 

4. For anomalies 6 and 5, poles describe Cocos/North America motion 
rather than Farallon/North America (see text). 



0 
a 

0 300 600 

4) 

~~--------,=-====~~~--~ ,~~--~~-~- - ~ ~~ -~ -----~ 

900 

80 g 70 60 

F/\RAl.l.ON I COCOS w r ~ NOAM . 

. :· ....... 

b 

g 180 

lll 90 
~ 

JL 

-
= 

0 
~ 150 

0 

~( 60 

n bcdefghij I n n n I I 

lc:>l 
,~ I 

r-- 1
oco I 

I 

~=c I I Fe><? 
~c 

O.~oo l 
~ ~ -~ 

~ 

100 50 
(mybp l 

b 

150 < 
ET 

100 E : 
~_!__ 

50 g;_ 
til 

Figure 2.1. Stage motion vectors of the Farallon/Cocos Platep relative to 
North Americap determined for two points (lONP 90W) and (SNP 80W) 9 from 
stage pole data of Table 2.1~ Farallon Plate became Cocos Plate in Late 
Oligocene or earliest Mio€ene (see text). Inset: Graph of direction 
and velocity of Farallon/Cocos Plate measured at Point A (10N 9 90W). 
Time intervals labeled with letters a through j correspond to the 
vectors of the figure. Interpretation of vectors given in text. 
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as follows. A strong component of RiniRtr~l Rlnno -·--- --o the early 

Cordilleran trench is indicated for the Early Cretaceous (Berriasian to 

Aptian). This shear may have been responsible for the southeastward 

migration of blocks of Cordilleran Mexico into South America's 11 over.lap 

position11 seen in most reconstructions of western Pangea (e.g. 9 Bullard et 

al. [1965]). Beginning in the Aptian and continuing through the Campanian 9 

the motion of Farallon with respect to North America was northeast directed 

at rates of 50 to 70 mm/yr. This period is associated 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. Fast rates of convergence (110 to 150 mm/yr) are 

indicated for the Late Campanian. to Late Eocene 9 which is directly related 

to Laramide Orogenesis in and around the Caribbean and to the insertion of 

the Caribbean Plate into the gap between North and South America. Finally 9 

Oligocene-Recent northeastward convergence has occurred at rates of 70 to 80 

mm/yr. The sharply reduced convergence rate may be associated I•Tith an 

Oligocene westward shift in the axis of volcanism (theoretical steepening of 

Benioff Zone) from the Cordillera Central to the Western Cordillera of 

Colombia and Ecuador (see chapter 6). 

A final note worth mentioning regards the extrusion of medial 

Cretaceous basalts (seismic horizon B") onto the Caribbean Plate. It has 

been suggested that one cause of the intra-plate volcanism and anomalously 

high topography of the African continent relative to other continents is 

that it rests nearly in a mantle reference frame 9 and that heat has built up 

beneath the continent as a result [Burke and Dewey 9 1973]. If Africa is 

approximately in the mantle reference frame 9 the Americas have been 

migrating westward over the mantle during the Atlantic's opening. 



Subduction of the Farallon Plate beneath the Americas at rates that are 

similar to the spreading in the Atlantic would imply that it. like Africa. 

may have had. at times. little motion relative to the mantleo This may be 

true for the medial Cretaceous; for t'he period 120 Ma to 100 Ma. Engebretson 

[1982] shows that the Farallon Plate 1 s relative motion with the hypothetical 

hot spot :reference frame is slower than 10 mm/yro The extrusion of the B" 

horizon basalts onto the crust of the Caribbean occurred from the 

Cenomanian? to the Campanian. shortly following this interval of little 

relative motiono A possible explanation for the basaltic extrusion is that 

excess heat was accumulated beneath the Caribbean Plate during the 

Aptian-Albian. which caused partial melting and off-axis. intra-plate 

volcanism over the subsequent 20 million yearso 

South Am~ri_c~ wit~ re~pect to Africa~ 

In chapter 1. a continental reconstruction between northern Brazil and 

the Guinea margin of Africa is advanced that is tighter than the fit 

proposed by Bullard et alo [1965]o Rotation parameters for this fit are 

given in Table 2o2o The beginning of the rift-related stage of basin 

formation and initiation of Brazil/Guinea relative motion across the 

Equatorial Atlantic is Aptian [Asmus and Ponte. 1973; Rabinowitz and 

LaBrecque. 1979]. although formation of these basins was significantly 

preceded by the emplacement of dikes along the western Guinea margino The 

first marine sediment in any of the Equatorial Atlantic's marginal basins is 

Albian [Asmus and Ponte. 1973]o It is assumed. for lack of conflicting 

evidence. that northern Africa and northern South America remained a single 

continent until the Aptiano Therefore. it is also assumed that the early 

evolution of the southern South Atlantic. which began in the earliest 



TABLE 2.2. ROTATION PARAMETERS. SOUTH AMERICA WITH RESPECT TO AFRICA 

total finite parameters stage pole parameters 

Anomaly Age (Ma) 

M-0 

34 

32 

25 

21 

13 

6 

5 

0 

119 

100 

84 

72 

59 

49 

36 

21 

9 

0 

lat. long. angle 

52.08 -34.03 51.39 p 

56.5 -34.7 

63.0 -36.0 

63.0 ,.-36.0 

63.0 -36.0 

63.0 -36.0 

58.0 -35.0 

61.4 -35.0 

70.0 -35.0 

-.- -.-

42.3 * 
33.6 $ 

27.3 $ 

22.6 $ 

19.2 $ 

13.3 $ 

7.5 $ 

3.6 $ 

-.-

lat. 

35.0 

35.0 

63.0 

63.0 

63.0 

73.4 

53.6 

53.7 

70.0 

long. 

-22.4 

-36.0 

-36.0 

-36.0 

-46.4 

-34.1 

-34.2 

-35.0 

1. Positive numbers are degrees north or east, or counterclockwise 
rotations looking down at pole. 

angle 

-9.7 

-9.7 

-6.3 

-4.7 

-3.4 

-6.1 

-5.8 

-4.0 

-3.6 

2. Rotation angles for total finite rotations go back in time to the 
indicated anomaly, and rotation angles for stage pole rotations. 
are coming forward in time, for the indicated interval. 

3. P is derived in chapter 1. 
4. $are modified after Ladd [1976], as discussed in text. 
5. * is interpolated between paramters for M-0 and 34. 



Cretaceous [Norton and Sclater 9 1979] 9 bears no relationship to the 

evolution of the Gulf and Caribbean regiono 

Figure 2o/. outlines a possible model for the Early Cretaceous opening 

of the southern South Atlantica Southern Africa drifted from southern South 

America from anomaly MlO time to about anomaly M-0 time (Aptian)o Prior to 

the Cretaceous 9 the shape of Africa was not that of todayo Northward rift 

propagation which terminated within central Africa via the Benue Trough 

opened the southern South Atlantic and gave Africa the shape that it has 

todayo Toward the end of this early phase of opening. the Rio Grande-Walvis 

Ridge hot~spot trace was breached by southern sea waters. depositing the 

Aptian salts in the narrow trough to the north. In the Aptian. rifting 

jumped from central Africa to the future site of the Equatorial Atlantic. 

and the shape of Africa has remained to the present essentially as it was at 

the end of the Aptiano Therefore. marine magnetic anomaly identifications in 

the southern South Atlantic since the Aptian can be used to determine South 

America/Africa paleopositions and relative motion history. for use in 

determining South America/North America relative motions. 

Ladd [1974] analyzed the marine magnetic anomalies in the South 

Atlantic Oceano At the time of Ladd 1 s study. it was convention to pick the 

anomalies at the peak of the signal. More recently. accuracy in the method 

has become such that significant differences arise from picking different 

parts of the signals of some anomalies. and it is present convention to pick 

the inner (younger) sides of the signalso South Atlantic magnetic data were 

re-examined by the author. and it was found that Ladd 1 s poles of rotation 

were quite accurateo However. the rotation angles were altered slightly to 

account for the differences between picking the anomalies at their peaks and 

at their inner sides. and to be consistent with the method used for picking 

the anomalies in the Central Atlantica The poles of rotation of Ladd [1974; 
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Figure 2o2o Simple model for the early opening of the southern South Atla~tic Oceano Early Cretaceo~s rif~ing 
propagated northwards and entered central Africap ratter than the Equatorial Atlantica A~rica was de~cr~ed a~~ 
assumed approximately its present shape by anomaly M-C timep at which ti~e rifting broke t~ro~g~ t~e ~~~atoria: 
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Grande-Walvis Ridge from the south [Burkep 1975]o · 
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19Jn] ~nrl th~ ammended rotation angles are shown in Table 2o2o Figure8 of 

the ammended picks are not included hereino 

At the time of this studyp Keathley Sequence rotation parameters (Late 

Jurassic through Aptian) recently determined by Ko Klitgord and Ho Schouten 

were available to the author (personal communication)o Howeverp parameters 

for the time following the Cretaceous Quiet Period (Campanian through 

Present) had not been computed since the work of Pitman and Talwani [1972]o 

Bathymetric data collected through the seventies (GEBCO map of the Central 

North Atlantic Ocean) showed very accurately the trace of fracture zones 

across the Central Atlantico A substantial "hitch" in the flow lines 

beginning at anomaly 34 (Campanian) and continuing to anomaly 21 (Eocene) 

was clearly indicatedo As this hitch was unknown at the time of Pitman and 

Talwani 1 s studyp it was evident to the author that significant improvement 

could be made upon rotation parameters defining the Central Atlantic's 

spreading historyo 

The least structurally disturbed portion of the Central Atlantic Ocean 

between Africa and North America lies between the Atlantis and Carolina 

fracture zonesp which includes the Kane fracture zoneo The mid-ocean ridge 

system in this area is remarkably straightp with few offsets 9 for a distance 

of about 1500 km 9 making anomaly identification relatively easy as compared 

to areas where the ridge system is transected by closely-spaced transformso 

Anomalies 34 9 32 9 25p 21 9 and 13 were picked over a 1500 km wide swath 

across the Central Atlantic (Figure 2o3)o The GEBCO bathymetric maps 

provided the traces of the Atlantis and Kane fracture zones 9 which were used 

to control the trajectories of the plate motion pathso Updated rotation 
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Figure 2.3~ ~p of a portion of the Central North Atlanticp showing the pjcks used to compute the ?ales of 
rotation for anomalies 34p 32. 25. 21. and 13 of Table 2.3. The Atlantis and Kane fracture zones were ased 
as flow lines along which Africa and North A~erica were separated. 
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Figure 2.4. Map of western Central-North Atlantic showing the magnetic 
anomaly picks of Figure 2.3. Small solid circles are original picks on 
the western half of the oceanp crosses are the eastern picks rotated 
about the total poles of rotation determined for each anomaly pair 
(Table 2.3). Segments of the eastern Atlantic's fracture zones are also 
ro~ated and shown (heavy dashed lines). Congruence of fracture zones 
is imperfect because the fracture zones record flow lines · about 
instantaneous stage poles during seafloor spreading~ not the total 
finite poles. However~ the points along the eastern Atlantic's 
fracture zone traces that were adjaJdent to points along the western 
Atlantic's fracture ~one traces d ring the formation of the 
corresponding magnetic anomaly are shown in large solid dots and large 
open circlesp respectively. The accuracy of the poles of rotation is 
shown by the congruency of the juxtapositions of the anomaly picks and 
fracture zone offsetsp for each anomaly pair. For clarityp anomaly 
labels (such as 34~ 25p etc.) that are horizontal correspond to 
rotated eastern Atlantic picks. 



parameters for anomalies 6 and 5 were provided by Ko · Klitgord and Ho 

Schouten (personal communication) during the course of the studyo 

The fracture zone traces and the picks for anomalies 34 0 32 0 /.So 21 9 

and 13 from the eastern Central Atlantic were rotated to those for the 

western Central Atlantic" and best fitting poles and rotation angles were 

determinedo The rotated eastern picks and fracture zone traces and the 

non--rotated western picks and fracture zone traces are plotted in Figure 

2o4o This figure shows the degree of coincidence of the two sets for each 

anomaly examinedo Assuming the area studied (central portion of the Central 

Atlantic) is indicative of the entire North America-.Africa plate boundaryo 

the magnitude of possible error of the indicated relative paleopositions is 

less than 40 kmo The close spacing of fracture zones makes other portions 

of the Central Atlantic less attractive than the cent~al portion for 

magnetic anomaly identificationo 

Table 2o3 lists the rotation parameters 0 including those provided by Ko 

Klitgord and Ho Schouten 0 defining the spreading history of the Central 

Atlantic Oceano 

South America with respect to North America: 

By finite difference solution [Dewey et aloo 1973]P rotation parameters 

defining the paleopositions of South America relative to North America were 

computed from the data in Tables 2o2 and 2o3o The results are given in Table 

2o4o From this data 0 the relative motion history vector of South America 

with respect to North America may be plottedo 

Figure 2o5 shows relative motion vectors of South America with respect 

to North America for three data sets 0 including the aboveo The vector of 

Pindell and Dewey [1982] is not shown because it is an amalgamation of data 
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TABLE 2.3. ROTATION PARAMETERS. AFRICA WITH RESPECT TO NORTH AMERICA 

total finite parameters stage pole parameters 

~--- -~-~-~~------------- -- -

Anomaly Age (Ma) lat. long. angle 

Permian 

M. Jur. 

BSMA 170 

Callovian 160 

M-21 150 

M-16 140 

M-0 119 

65.55 ·-13.69 -77.15 p 

66.95 -12.02 -75.55 K 

67.02 -13.17 -72.10 K 

67.13 -15.49 ~65.93 * 
66.50 -18.10 -61.92 K 

66.10 -18.40 -59.79 K 

66.30 -19.90 -54.25 K 

100 70.16 -19.73 -41.68 * 
34 84 

32 72 

25 59 

49 

13 36 

6 21 

5 9 

0 0 

77.10 -19.20 -29.42 KPP 

80.35 -12.45 -23.15 p 

80.50 7.70 -17.90 p 

16.00 -14.05 p 

76.00 8.00 -9.70 p 

79.57 37.84 -5.29 K 

79.08 77.95 -2.41 K 

lata long. angle 

26.7 -63.4 2.5 

60.0 0,0 3.5 

60.0 0,0 6.3 

61.1 22.0 4.2 

72.0 9.4 2.2 

61.3 -10.2 5.6 

55.02 -29.90 12.95 

55.02 -29.90 12.95 

65.64 -36.12 G.47 

75.19 -61.50 5.38 

85.10 -68.63 3.92 

81.12 49.01 4.39 

69.68 -11.18 4.50 

76.82 11.26 2.92 

79.08 77.95 2.41 

1. Positive numbers are degrees north or east, or counterclockwise 
rotations looking down at pole. 

2. Rotation angles for total finite rotations go back in time to the 
indicated anomaly, and rotation angles for stage pole rotations 
are coming forward in time 9 for the indicated interval. · 

3. K are after Klitgord and Schouten [1982; or personal communication]. 
4. P are parameters determined in this study. 
5. * are interpolated between adjacent rotations. 



TABLE 7."4. ROTATION PARru~TERS, SOUTH AMERICA WITH 
RESPECT TO NORTH AMERICA 

56 

total finite parameters stage pole parameters 

Anomaly Age (Ma) lat. long. angle 

Permian 

M. Juro 

BSMA 

~250 

180 

~170 

Callovian ~160 

M-21 150 

M-16 140 

M-0 119 

54,92 40.81 -31.22 

53.78 48.44 -30.71 

52,68 53.59 -27.63 

49.12 64.97 -22.41 

45.84 72.09 -18.74 

42,06 75.65 -17.10 

28.61 90.18 -14.36 

100 13.99 101.84 -10.82 

34 

32 

25 

21 

13 

6 

5 

0 

84 

72 

59 

49 

36 

21 

9 

0 

10.30 -61.79 

11.13 -57 .OS 

18.10 -58.67 

26.16 -60.51 

19.68 -56.20 

22.50 -53.07 

34.83 -52.89 

-.- -.-

9.16 

9.04 

8.71 

8.03 

5.87 

3.70 

1.79 

-.-

laL 

26.7 

60.0 

60.0 

61.1 

72.0 

61.3 

57.68 

57.68 

12.49 

long. angle 

~63.4 

0.0 

0.0 

22.0 

9.4 

-10.2 

51.32 

51.32 

42.49 

2.5 

3.5 

6.3 

4.2 

2.2 

5.6 

5.29 

5.29 

0.76 

54.52 151.17 1.15 

36.16 137.81 1.38 

40.94 -75.57 -2.34 

14.57 -60.98 -2.20 

11.42 -52.84 -1.99 

34.83 -52.89 -1.79 

1. Positive numbers are degrees north or east. or counterclockwise 
rotations looking down at pole. 

2. Rotation angles for total finite rotations go back in time to the 
indicated anomaly, and rotation angles for stage pole rotations 
are coming forward in time, for the indicated interval. 

3. All parameters deduced by finite difference method using data in 
Tables 2.2 and 2.3. 
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Figure 2.5. Three proposed post~Triassic relative motion paths 1 or 
trajectories~ of two points on northern South America with respect to a 
fixed p:resent North American reference framep Mercator Projection. 
Positions identified by upright numerals were computed from triangle 
completion of Central and South Atlantic rotation parameters that were 
defined by magnetic anomaly identification. Inclined numerals indicate 
age in millions of yearsp and were interpolated between positions 
picked by anomaly identification. Differences in motion histories 
reflect improvements in magnetic anomaly data sets 1 and different· 
initial reconstructions of South America with respect to Africa and 
North America. Trajectory of Pindell (this study) is derived from data 
of Table 2.4. 



of the vectors showno The three vectors of Figure 2.5 trace t.he pn!=litinn!=: 

through time of two points presently lyjng on the South American coastlineo 

The differences in the vectors arise from differing initial reconstructions 

between North America 9 South America 9 and Africa 9 and from varied accuracies 

of magnetic anomaly identification and subsequent determination of total 

finite rotation parameters for the Central and South Atlantic Oceans. The 

vector of Pindell (this study) starts with the reconstuction defined in 

chapter 1 9 and is derived from the relative motion data of Table 2.4o This 

vector includes only one interpolated data point 9 at 100 Ma (Cretaceous 

Quiet Period)o 

The vector of Pindell (this study) is interpreted as followso During 

the Late Triassic 9 a small amount of approximately north-south divergence is 

predicted due to the lithospheric extension associated with deposition of 

the·Eagle Mills red beds 9 and to dike orientations along the eastern United 

States that suggest a dextral shear component accompanying the extension 

associated with the Newark graben series. This relative motion precedes the 

opening of the Central Atlantic. 

By the early Middle Jurassic, southeastward divergence between North 

America and Gondwana began and is responsible for the opening of the Central 

Atlantic. A single ridge system could have accounted for this separation 

between North and South America. However, Jurassic seafloor crust in the 

Gulf of Mexico, whose anomaly trends differ from Central Atlantic trends [So 

Hall, personal communication, 1984; Shepherd et al., 1982], suggests that 

two ridge systems operated during the Jurassic, one in the Gulf and one in 

the "Proto-Caribbean," the individual motions upon which summed to the total 

indicated relative motion. When the Gulf ridge system terminated 

(Berriasian) 9 and Yucatan became a part of North America, Early Cretaceous 

to Campanian divergence could have been accomplished at a single ridge in 
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the Proto=Caribbeano This is especially likely if the Caribbean Plate was 

allochthonous with respect to the margins of the Proto~Caribbean prior to 

the Campaniano A slight kink in the vector from anomaly M~21 to M~ll may 

have caused compression at any long left-lateral transforms in the 

developing ridge system 9 and extension at ~y long right-lateral 

transformso Because of the geometry of the early Central Atlantic and 

Proto=Caribbean oceansg the eastern Bahamas probably was the site of long 

left-lateral transforms 9 the compression at which may have uplifted basement 

there to the photic zone 9 leading to initial carbonate depositiono 

Divergence continued through the Early Campanian (anomaly 34)o The 

Aptian opening of the Equatorial Atlantic Oceang which created a three-plate 

system for the first timeg apparently had little or no effect on the 

direction of relative motion between North and South America. although the 

rate could have changedo This cannot be determined because of the 
- -

Cretaceous Quiet Periodo Further. it is not clear whether relative motion 

ceased exactly at 9 or somewhat before. anomaly 34 timeo 

From anomaly 34. or just beforeg to anomaly 21 (Middle Eocene) 9 

relative motion seems to have nearly ceasedo The minor oscillations in the 

vector from anomaly 34 to anomaly 21 are all within the magnitude of the 

error in the analysiso Thusg any prediction of significant relative motion 

at plate boundaries for this interval is unwarrantedo However. minor motion 

(200 km) of South America. relative to North America. toward approximately 

080 may be suggested for the Paleocene-Middle Eocene interval (20 million 

years)o This divergence rate (10 mm/yr. total rate) is slower than 

spreading rates at known ridges. and the total offset is also small (200 

km)o It is suggested that this potential phase of relative motion was 

achieved by sinistral slip at the transforms and fracture zones of the 

Central Atlantic .ridge system which at this time extended into the 
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Equatorial Atlanticv and not at a mid~ocean ridge system between North and 

South America. It is also possible~ howeverp that spreading at a ridge and 

subduction at a trench 0 both located between North and South America 0 

occurred synchronously 0 and at approximately the same ratep to produce the 

indicated relative motion. 

Finallyp from anomaly 21 (Middle Eocene) to the 

continued convergence along west-northwest trending 

presentp slow but 

flow lines is 

suggested. This general trend nearly parallelsp but is opposite top the 

pre-Campanian divergent flow lines. In additionp the Barracuda, Tiburon, 

and other basement ridges east of the Lesser Antilles also roughly parallel 

the west-northwest trend. These ridges are probably ancient fracture zones 

associated with the the pre-Campanian seafloor spreading in the Central 

AtlantiCp which have become reattivated in a dextralli convergent sense 

since the Eocenep in association of this last phase of North and South 

American relative motion. A comparison between the two flow lines for the 

Pindell data in Figure 2.5 indicates that in addition to minor convergence 

with North America since the Eocene, western South America is migrating 

faster toward North America than is northern South America. This suggests 

that the post-Eocene stage-poles describing the motion of South America with 

respect to North America are located relatively near, but to the north of, 

South America, perhaps within a few hundred km to the northeast of Puerto 

Rico. Stage-pole positions for the intervals between anomalies 21, 13, 6p 5 

and the Present are all located in this general area (see Table 2.4), but 

each may contain considerable error owing to the fact that they are located 

so close to the plate whose rotation they define (South America). 

The primary difference between the Pindell vector and the vectors of 

Ladd [1976] and Sclater et al. [1977] is that the latter vectors predict a 

significant Cretaceous phase of North America/South America compression. 



61 

The difference stems directly from the choice of the Equatorial Atlantic fit 

used in the analysis~ that of Bullard et ala [1965] 9 or the fit presented 

hereino This fit is also responsible for the relatively northerly placement 

of the Jurassic to Campanian portions of the vectorsa Such is the 

importance of the Equatorial Atlantic fita Cretaceous compression is well 

known from northern Venezuelas but the rocks exhibiting these compressional 

structures are allochthonous with respect to the Venezuelan margin 9 and 

probably were not abducted onto the margin until the Cenozoica All of the 

compressional structures may have originated in a pre-obduction "subduction 

phases 11 involving the Caribbean plates rather than the North American 

platea No definite North American/South American convergence can be 

documented for the Cretaceous; in facts gravity and magnetic studies of the 

ocean floor to the east of the southern Lesser Antilles arc indicate that 

the North America/South America plate boundary has always been that of 

strike-slip (Ga Westbrookp personal communication? 1984)a 

In summaryp South America's motion relative relative to North America 

has been very simple: first it migrated out (Jurassic to Campanian)p then 

essentially stopped (Campanian to Eocene)p then returned a very small amount 

(post-Eocene) a 

Despite the improvements in the understanding of the North 

America/South America relative motion vectors some nagging problems remain 

to be solveda Firstp the existence of the Jurassic and Cretaceous Quiet 

Periods (? to 160 Ma and 119 to 84 Map respectively) precludes magnetic 

anomaly identification in crust of those agesa Spreading rates cannot 

directly be measured for these these periods with much accuracya Seconds 

the timing of initial motion across the Equatorial Atlantic shear zones is 

poorly known because of the area's general pre-Albian emergence and the fact 

that linear magnetic anomalies with northerly strikes do not develop well in 
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equatorial regions" Third, the non~rigid behavior of Africa during the 

Early Cretaceous [Burke and Dewey~ 1974] is poorly quantifiedv and the 

amount of Santonian shortening in Benue Trough~ and its effect on the South 

Atlanticv is unknO\tffio 

The Yucatan Block wit~ respect to_ Norj:h AEl~eric~a: 

In chapter 3 (Geology and Evolution of the Gulf of Mexico)p a model is 

proposed in which the motions of the Yucatan Block are constrained by the 

presence and motions of North and South Americao For consistencyp the 

rotation parameters describing the motion of the Yucatan Block relative to 

North America are included in this chapter (Table 2o5)p rather than in 

chapter 3o 



TABLE 2o5o ROTATION PARAMETERSP YUCATAN BLOCK WITH 
RESPECT TO NORTH AMERICA 

Anomaly/age Latitude Longitude Angle 
-~~~~~~=- ~ - ---=-----· -::>o~~--

Triassic 29o74N 80o36W ~43J~l 

Mid-Jurassic 29o50N 8lo40W -4lo00 

Blake Spur time 29o50N 8lo40W -34o00 

Late Callovian 29o50N 8lo40W -20o00 

Anomaly 21 time 29o50N 8lo40W -9o00 

Anomaly 16 time -o- -o- -0-

lo All parameters defined by modelling in chapter 3o 
2o Paramters are measured in Mercator projection and contain 

inherent erroro 
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CHAPTER 3 

GEOLOGY AND EVOLUTION OF THE GULF OF MEXICO REGION 
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GEOLOGY AND EVOLUTION OF THE GULF OF MEXICO REGION~ 

Introduction~ 

In this chapter 9 geological features of the Gulf of Mexico region are 

reviewed and interpretedo The important features are shown on the 

generalized tectonic map of the Gulf of Mexico region (Figure 3ol)o The 

analysis assumes the initial Alleghenian reconstruction derived in chapter 

lp and is built within the plate-kinematic framework developed in chapter 2o 

Rotation parameters describing the motion of the Yucatan Block relative to 

North America are also given in chapter 2 (Table 2oS)o 

Interpretive Review~ Primary Gulf-Region Geological Features~ 

Basement 

Three types of crust exist in the Gulf region: normal-thickness 

continental crust 9 variably-attenuated continental crust, and oceanic 

crusta Prior to seafloor spreading in the Gulf, relative plate motions were 

accommodated by continental attenuation (as much as 500 km between the 

southern UoSo and Yucatan, see above)o 

incorporated when modeling Gulf evolut~on. 
This attenuation must be 

Attenuated basement around the 

northern Gulf includes a collection of highs (Sabine, Monroe, Wiggins) 

separated by intervening basins (Gulf Coast Salt Basins)o The Sabine and 

Wiggins basement highs consist of Paleozoic metamorphics, volcanics and 

65 



24 

!6 

KM 

0 500 

I 
/ 

s s s s lli'.f.IT OF SALY 

c t: : LOWER 
CRHACEOUS REEF 

'i:g MAFIC/ULTRAMAFIC 

Figure 3.1. General tectonic and locality map of the Gulf region? features 
described in text. MSM? 'Mojave~Sonora Megashear; TMVBL? Trans-Mexican 
Volcanic Belt Lineament; SU? Sabine Uplift; MU? Monroe Uplift; JD~ 
Jackson Dome; WA? Wiggins Arch; MGAP florida Middle Grounds Arch; SG? 
Sierra Guaniguanicop presently of western Cuba but was northeastern 
corner of Yucatan block prior to Paleogene; BSMA? Blake Spur Magnetic 
Anomaly; M-25 P .M-21 p M-16? M-11 are Central North Atlantic magnetic 
anomalies. This is same as Figure 1.2. 
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gran~te [Nicholas and Waddell. 1982; Cagle and Khan, 1983], which may be 

interpreted as remnants of the leading edge of Gondwana which i~ere sutured 

to and overthrusted onto the margin of North America during the Alleghenian 

Orogeny and subsequently left behind during Late Triassic to Early Jurassic 

rifting [Pindell and Dewey, 1982; Smith et alo, 1981]o The same applies for 

Florida, on the basis of Early Paleozoic fauna in Suwannee Basin [Cramer, 

1971], and for the Coahuila Platform of northeastern Mexico, which possesses 

Late Paleozoic granodioritic intrusions [King, 1975] possibly representative 

of an arco Basement in the attenuated margin of northwestern Yucatan block 

is unknowno 

Extensive salt deposits overlie the zones of attenuated continental 

crust, and seaward limits of the Louann and Campeche salt provinces match 

reasonably the ocean-continent boundaries [Buffler et alo, 1981], although 

oceanward halokinesis has occurred, particularly in the Sigsbee Escarpment 

[Lehner, 1969]o It seems likely that the onset of emplacement of oceanic 

crust by seafloor spreading in the Gulf at oceanic isostatic depths (2o6 km 

depth) allowed sufficiently open marine circulation to terminate salt 

deposition, and split the once continuous salt province into the distinct 

provinces known todayo 

Gulf prevents direct 

reconstructionso 

Unfortunately, the halokinesis on both sides of the 

matching of opposing margins for paleogeographic 

The oceanic portion of the Gulf of Mexico was created by primarily Late 

Jurassic seafloor spreading at a ridge system that must be included in 

plate-boundary reconstructionso Linear magnetic anomaly trends in the 

central Gulf fan slightly to the west and generally parallel the UoSo Gulf 

Coast margin and the Campeche Escarpment of Yucatan [Shepherd et alo, 1982; 

So Hall, personal communication, 1984]o This leads independently to the 

conclusion that Yucatan originated from the Texas-Louisiana margin and 
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rotated counterclockwise to itR present position. and further substanti.ates 

the geological arguments presented earlier for this initial position in 

Alleghenian paleogeography. 

When the Equatorial Atlantic is closed (see above) and South 

America~Africa is then refitted to North America following Central North 

Atlantic flow lines [Klitgord and Schouten 1 1982], overlap occurs between 

the Florida Straits block and the Guinea and Demerara Plateaus of Africa and 

South America, respectively. Also, the closure of Yucatan against the 

Texas~Louisiana margin leaves an oceanic hole in the northeastern Gulf with 

a southeasterly magnetic anomaly trend that is discordant with the trend in 

the central Gulf [Shepherd et al., 1982]. It appears that crust of the 

Florida Straits block migrated to the east-southeast, in addition to 

undergoing internal extension. during Gulf evolution. This motion relative 

to the remainder of Florida was left~lateral strike-slip. as discussed 

below, while motion relative to Yucatan was extensional, as defined by the 

eastern Gulf's magnetic anomalies. 

Fault Systems of the Gulf Region 

~·~· Gulf Coast. In the U.S. Gulf Coast margin, the Mexia-Talco-South 

Arkansas-Pickens-Gilbertown fault system defines the northern limit of 

significant normal faulting in basement. This system coincides closely with 

the probable Alleghenian suture. Assuming Yucatan originated from the 

Texas-Louisiana margin and rotated to its present position, the direction of 

extension in the U.S. Gulf Coast was north-south. Therefore. the 

Mexia-Talco fault zone owes its origin to differential subsidence and minor 

dextral shear between the basement of the stable Llano area and the basement 

of the Gulf Coast during attenuation. Similarly~ motion in the Mobile Bay 
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system may have h~~n slightly sinistral. 

Mexico,. In most reconstructions of western Pangea v much of Mexico 

overlaps South America~ if Mexico is kept in its pr.esent position with 

respect to North America. Understanding the emplacement of Mexico into this 

"overlap position" has been problematic because known evidence for 

large-scale motions upon one or more intracontinental transform faults 

across Mexico and the southwesternmost U.S. is meager. Evidence in favor of 

such large offset faults includes the interruption of northeasterly striking 

Precambrian tectonic belts 9 and a 700 to 800 km sinistral displacement of 

stratigraphic columns having "provocative similarities'' [Anderson and 

Schmidtp 1983] 0 The theoretical structure responsible for these 

discontinuities has been termed the Mojave-Sonora Megashear (MSM) [Silver 

and Andersonp 1974]. The timing of motion along the postulated MSM is 

constrained between the first major motions of the breakup of Pangea (Late 

Triassicp first stretching 9 but early Mid-Jurassic is first significant 

motion) and deposition of the Oxfordian Zuloaga Group (Smackover 

equivalent)~ as the latter apparently masks the fault zone in northeasL 

Mexico and is not offset. A 700 to 800 km offset during Bajocian-Callovian 

time (about 20-25 million years) indicates displacement rates between 2.8 to 

4 em/yr. It appears as thoughp in effectp blocks or slices of Cordilleran 

Mexico migrated more or less with South America during initial breakupp 

maintaining a land bridge from North to South America at least until 

Callovian timep when saline waters finally entered the Gulf of Mexico region 

and evaporated to form the once continuous Louann and Campeche salt 

deposits. From which ocean the saline waters entered 9 the Pacific or the 

Atlanticp is unknown. Another potential 9 but unproved 9 zone of major 

Mesozoic offset across Mexico is along the Trans-Mexican Volcanic belt. 

This area 9 during Late Cenozoic time 9 has been the site of significant 
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calc-alkaline volcanism? possibly because it is a zone of weakened crust 

[Mooserp 1969; Anderson and Schmidt 9 1983]a 

The number of major faults through Mexico and their offsets are poorly 

understoodp proposed offsets are based largely on geometry alonea It is 

very possible that all of Mexicop since it · resided on the westernp 

convergent margin of Pangea during breakupp experienced severe internal 

shearing of the sort seen along the western North American margin todayo If 

studies of North America/Farallon relative motion for Late Jurassic-Early 

Cretaceous time are accepted? Farallon subduction beneath southwestern North 

America possessed a strong left~lateral oblique component [Engebretson? 

1982, but see Duncan and Hargravesp 1984]a This is in agreement with the 

postulation of a simple shear regime for Mexico during the Late Jurassic 

[Beck, 1983], and possibly Middle Jurassic as wella 

Along the eastern Mexican marginp continental basement falls off 

abruptly along a linear trend defined by the eastern side of the Tamaulipas 

Arch, the Golden Lane high, and offshore at Veracruza If extended to the 

south, this trend crosses into Chiapas 9 approximately along the northern 

flank of the Chiapas Massifo Sediment thickness adjacent to this flank 

exceeds 4500 metres [Viniegra, 1971], suggesting the existence of a major 

structural breako The linear trend as a 1~hole is perpendicular to magnetic 

anomaly trends in the Gulf of Mexico [Shepherd et aL, 1982; So Hall, 

personal communication? 1984], and defines a small 

located in the vicinity of northern Floridao It is 

trend 9 termed here the Tamaulipas-Golden Lane-Chiapas 

right-lateral transform zone between Yucatan and 

circle about a pole 

suggested that this 

fault zone 9 was a 

eastern Mexicop that 

allowed migration of Yucatan away from the Texas-Louisiana margino This is 

further supported by the conspicuous absence of salt diapirs marginal to the 

central portion of this trend, in the area of the Mexican Ridges [Buffler et 



I 1 

al. 9 1979] 9 in contrast to areas of the Gulf where attenuated continental 

basement exists with thick salt deposits and diapirs [Buffler et al.~ 1980 9 

1981]. A transform origin for the eastern Mexican margin which postdated 

salt deposition explains the absence of salt. In addition 9 the Tamaulipas 

Arch 9 during Late Jurassic time 9 was a linear basement high of Paleozoic 

rocks that supplied significant amounts of debris to proximal deposits of 

the Huizachal and Zuloaga Groups during initial rifting and platform 

subsidence [Sandstrom 9 1982; Stabler 9 1982; Meyer and Ward 9 1982; Bracken 9 

1982]. The linearity and positive structural relief of the Arch during the 

Jurassic suggest strike~slip faulting as a possible cause of its uplift. In 

Chiapas 9 coarse 9 Upper Jurassic~Lower Cretaceous Todos Santos red beds fill 

northwest trending structural valleys and ridges whose relief reached 1000 

to 2000 m at the time of deposition [Burkart and Clemons 9 1971]. This 

scenario accords with models of strike-slip faulting equally as well as it 

does with rifting 9 and the northwest trend of the basins is perpendicular to 

the expected extension direction between North and South America. Finally 9 

definition of a Mexico-Yucatan shear zone along the northeast side of the 

Chiapas Massif avoids the often invoked hypothesis that major displacement 

has occurred across the Isthmus of Tehuantepec; crystalline rocks cross the 

isthmus from southern Mexico into the Chiapas Massif with no obvious 

structural break [King 9 1969; Case and Holcombe 9 1980]. 

Florida region. Basement structure in Florida and the southeasternmost 

U.S. can only be inferred from gravimetric, magnetic and borehole 

information, but basement appears to be irregular and to consist of a 

collection of horstlike Paleozoic highs separated by grabens filled with red 

beds [Smith, 1983; Barnett 9 1975; Klitgord et al., 1984]. Primary structural 

features include the Jay Fault, the Georgia Embayment "graben" system 9 and 

the Florida Elbow basin which separates the Middle Grounds and Tampa Arches 
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The northt,_rest trending Jay fault (Smith? 1983] altgns with the 

Pickens·,Gilbertown fault system and the Bahamas fracture zone of Klitgord et 

ala [1984]? and defines a steep? down to the south drop~off in basement. 

Sinistral motion along this fault is speculative? but it clearly defines the 

northern limit of significant basement attenuation? as do the 

Pickens~Gilbertown fault system in the Gulf Coast and the Bahamas fracture 

zone across the Florida Peninsula. This attenuation probably occurred in the 

Middle Jurassic? as it did throughout the entire Gulf of Mexicoo North of 

the Jay? relatively minor basement structures such as the Covington 

Embayment and Conecuh and Pensacola Arches formed due to general extension 

between North America and Gondwana. 

Development of the northeast trending? Triassic Georgia Embayment 

system is older than the other fault zones? and is often referred to as an 

extensional rift on the basis of its Triassic red beds and basalts filling 

narrow troughs [Barnett 9 1975]. If the system's formation were due to 

crustal extension 9 then a well-~developed Jurassic sedimentary section 

related to basin subsidence could be expected. However, such a section is 

absent across southern Georgia and north-central Florida [Barnett 9 1975; 

Smith 9 1983] and, therefore? it is suggested that the Georgia Embayment 

system probably was formed by strike-slip shea·r, which caused local uplift 

and erosion 9 and deposition of Upper Triassic red beds into associated 

strike-slip basins. On the basis of geometry alone? the suggested sense of 

offse,~ is right-lateral (discussed later). 

Basement structure beneath southern Florida and the south Florida shelf 

is poorly known due to the thick post-Triassic sedimentary section. As 

mentioned earlier, the eastern part of Florida Straits block overlaps Africa 

when the continents are reassembled. This is true even after 80% internal 
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extension is restored to the northwest (see above). Iu additions the 

Yucatan block alone cannot fill the oceanic portion of the Gulf of Mexico; a 

small oceanic at,rath remains in the northeastern deep Gulfa Therefores it is 

apparent that crust of the Florida Straits block migrated out of the eastern 

Gulfs in addition to undergoing severe internal extensiono Hypothesized 

here is the existence of a fault (Florida Elbow Faults Figure 3ol) along 

which the Florida Straits blocks subsequent to crustal attenuation south of 

the Jay Faultp migrated 300 km east-southeast out of the eastern Gulf to its 

present position beneath the south Florida shelf and western half of the 

Bahamaso The Florida Elbow Fault runs from the southern escarpment of the 

Paleozoic Florida Middle Grounds Archp continues through the Florida Elbow 

basin and crosses Florida near Lake Okeechobeep underlies the northwest 

Providence Channelp and defines the northern margin of Great Bahama Banko 

Such a trend is readily seen on a magnetic anomaly contour map [figure 5 of 

Klitgord et alop 1984]o It is further suggested that sinistral motion along 

the fault system produced the Florida Middle Grounds escarpment by 

translating the Tampa Arch away from the Middle Grounds Archo 

Tectonism Following Gulf Formation 

Since the Gulf of Mexico's formationp which was completed by or during 

the earliest Cretaceousp the Gulf region has experienced at least two 

periods of plate-tectonic deformationo The first was the eastward advance 

of thrust sheets of the Sierra Madre Oriental of Mexico (Figure 3ol) in Late 

Cretaceous to Eocene time [Dengop 1975]o The cause of thrusting is still 

debatedp but the load of the thrustsp which travelled across Jurassic saltp 

depressed the western portion of the eastern Mexican margin, reactivating 

the Tampico~Tuxpan and Veracruz sedimentary basins by flexural loadingo The 
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Laramide orogenesis also elevated and reactivated the Tamaulipnn Colden Lane 

highs, probably due to lithospheric flexure in response to 

Sierra Madre to the \'Jest, or by sedimentation offshore to 

loaMng by the 

the east, or 

botha The second period of tectonism was the early Paleogene arrival and 

collision of Cuba (Greater Antilles) with the Bahamas/southern Florida shelf 

[Dickinson and Coney, 1980p Gealey, 1980]. The emplacement of thrust sheets 

of the Cuban forearc tectonically loaded the southern Florida/Bahamian 

margin, depressing the carbonates of the latter to oil-maturation depths. 

Oil has since migrated upward into the fractured serpentinites that 

presently form small reservoirs in and offshore northern central Cuba 

[Wassalp 1956]. The causes of other possible "events" during the 

Cretaceous, including the Gulf-wide mid-Cretaceous unconformity [Buffler et 

al., 1980], volcanism and local plutonism in the Gulf Coast [Zartmanp 1977; 

Smith et al.P 1981], uplift of the Wiggins, Monroe and Sabine highs, and 

reactivation of the Mississippi Embayment [Ervin and McGinnis, 1975] are 

unclear. In addition to these plate~tectonic deformations, much of the 

northern and western Gulf has experienced severe sedimentary gravity sliding 

and halokinesis. 

Evolutionary model of the Gulf of Mexico: 

Late Triassic 

In the Late Triassicp western Pangea began to rift along widespread, 

poorly defined zones of intracontinental block-faulting and dike emplacement 
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(Figure 3.2)" Minor associated motionG 0 recorded by the Late Triassic 

geology outlined below 0 led to the pre-·Atlantic 0 early Middle Jurassic 

relationship between Africa and North America defined by Klitgord and 

Schouten [1982]o 

In the southern UoSoo north~south extension produced an extensive 

graben system filled with Eagle Mills red bedso Along the eastern United 

States 9 red beds 0 dikes and sills of the Newark Group and its equivalents 

were deposited and emplaced in a belt of grabens paralleling the coast from 

the Piedmont out to the continental shelfo This system has generally been 

attributed to extension between Africa and North America 9 but the 

distribution and orientation of dikes with 200-220 Ma isotopi~ ages fit a 

right-lateral shear model within the arcuate zone (pre-Atlantic shear zone 9 

Figure 3o2) along the eastern UoSo and western African margins [Swanson 9 

1982]o It is not implied that each graben of the Newark series is a 

pull-apart basin sensu stricto 9 but extension was probably accompanied by 

dextral slipo Dextral shear along the eastern UoSo is compatible with 

north~south extension along the UoSo Gulf Coast; thus 9 the Eagle Mills and 

Newark systems may be attributed to the same relative plate motion. 

Lying amidst the eastern and southern U.So shear and extensional zones 9 

respectively 9 is the complex region of continental blocks comprising 

Florida 9 the Blake Plateau and the western Bahamas. Dextral shear between 

North America and Africa would have led to convergence between western 

Africa and the Blake Plateau/eastern Floridao A possible origin for the 

Georgia Embayment is that of dextral shear 9 which would have allowed Florida 

to escape laterally from the Africa~Blake Plateau convergenceo A shearing 

origin for the Georgia Embayment is suggested by the absence of. a Jurassic 

sedimentary section there 9 as would be expected had the Embayment formed 

purely by extension. 
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To the west 9 southeasterly tectonfc transport of blu~k~ within Mexico 

began at thiD time, along one or. seve:eal sheen:· zones 9 oe by inte:rnal 

straino This motion effectively maintained a land bridge from North to 

South America until the Callovian or latero A speculative cause of this 

early motion is left~lateral oblique subduction of the Kula/Farallon Plateo 

Middle Jurassic 

Divergence between Africa and North America began in early Middle 

Jurassic time (Figures 3o3 and 3o4) by seafloor spreading north of the Blake 

Plateau 9 and by continental attenuation in the area of Blake Plateau and the 

Florida Straits blocko The Blake Spur Magnetic Anomaly (BSMA) can be 

symmetrically correlated about the mid-Atlantic Ridge with the western 

margin of Africas and aligns with the eastern boundary of the present Blake 

Plateau (Figure 3o5)o Hence 9 it is evident that internal stretching within 

the Blake Plateau accounts for divergence between North America and Africa 

until the .time \'lhen the BSMA formed (approximately 170 Ma) o The crust to the 

north of the Blake Plateau that was created by seafloor spreading prior to 

formation of the BSMA produces the Central North Atlantic's asymmetry with 

respect to the present ridge axiso An early ridge apparently was abandoned 

as the spreading center jumped to the site of the BSMA [Vogt et alo 9 197l]s 

associated with which was ridge formation between the Blake Plateau/Florida 

Straits block and Africao 

In the developing Gulf of Mexico 9 Yucatan's progressive divergence from 

Texas-Louisiana was achieved by severe continental attenuation until 

probably Callovian or early Oxfordian time (postsalt) 9 at which time 

seafloor spreading begano During this early rift stage in Gulf development 9 

intracontinental extension was accompanied by subaerial deposition of the 
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WernP.r red beds and anhydriteso 

In the vJest 0 southeast~:rard transpo:rt of blocks acc:eler:-atzd along the 

Mexican CordilleraD preventing the· incursion of significant amounts of sea 

water tnto the Gulf realm (Figures 3o~ and 3o5)o One probable zone of 

concentrated sinistral shear strain was the Mojave~Sonora megashear 

[Anderson and Schmidt 9 1983; Silver and Anderson 9 1974] 9 although 

strike-slip fault motions may have occurred as far inland as the "Rio Grande 

lineament 19 (Figures 3o2 and 3o3) 9 a term used here to define that line which 

bounds the northeastward extent of significant basement reactivation during 

both Jurassic and Laramide tectonismo Based on geometry 9 it is suggested 

that left-lateral offsets within the 19Chihuahua block" north of the 

Mojave-Sonora megashear total approximately 100 kmo Motions upon the 

Mojave-Sonora and faults within the "Yaqui" 

[1983]) to the south collectively approach 

block (of Anderson and Schmidt 

800 kmo These motions were 

completed by Oxfordian time~ as the Zuloaga Group (Oxfordian) masks the 

Mojave-Sonora Megashearo Collectively 9 the motions are responsible for the 

emplacement of central Cordilleran Mexico into its present position with 

respect to North America 0 which was formerly occupied by northwest South 

Americao 

The postulation that Yucatan rotated out of the Gulf realm in turn 

implies that a corresponding 9 synchronous rotational opening occurred 

between Yucatan and Venezuela (Figures 3a3 9 3o4p 3o5 9 and 3o6)o This basin 

may be termed the 11Proto-Caribbean11 as it occupied the future site of the 

Caribbean but was subducted beneath the true Caribbean Plate during Late 

Cretaceous to Eocene time [Dickinson and Coney 9 1980]o Whether this 

Proto-Caribbean basin was marine during Middle Jurassic time is debatableo 

However 9 the fact that it was subducted suggests that it was floored by 

oceanic or extremely attenuated continental crust 9 and that it was probably 
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marine. Furthermore. Middle Jurassic marine sedimentary rocks are found in 

the northern ophiolitic belt of Cuba [Pardo 0 1915] that were accreted to the 

Greater Antilles arc at the leading edge of the Caribbean Plate during 

subduction of the Proto·~aribbean. Finally 0 Middle Ju~assic. terrigenous 9 

partially marine sediments (San Cayetano Group) [Meyerhoff. 1964.] are 

preserved upon presumably continental crust in the Sierra Guaniguanico of 

western Cuba; the latter is interpreted here as a portion of the rifted 

margin of the, northeastern corner of the Yucatan block which was obliquely 

overridden and caught up by Cuba in the early Paleogene Bahamas-Cuba 

collisiono That this margin of Yucatan bordered the Proto-Caribbean also 

suggests a marine character for the latter during the Middle Jurassic. 

Late Callovian (Latter Middle Jurassic) 

By the Callovian (Figure 3o5) 9 basement attenuation had produced a 

broada subsiding platform of continental crust. As this platform subsided 

through sea level a or as a tectonic bard. P.r. to either:- the Pacific or 

juvenile Atlantic was repeatedly breacheda flooding of the Gulf realm and 

subsequent evaporation produced the once continuous Louann and Campeche salt 

deposits. The Punta Alegre and (?) Exuma Sound salt may also correlate with 

the Louann and Campeche 9 but may be slightly older (Bathonian) and relate to 

the opening of the Central North Atlantic rather than to the Gulf of Mexico. 

Such is the case with the Senegal Basin and 

[Jansa and Weidmann. 1982] which opposed 

Guinea Plateau salt deposits 

the eastern Florida Straits block 

at that time (Figure 3.4). A Callovian age has not actually been proved for 

the Louanna but the majority of evidence [Scott. 1984] indicates a late 

Middle Jurassic age 9 probably late Callovian [Salvador and Greena 1980; 

Imlay. 1980]. Seismic stratigraphic studies [Buffler et al.. 1980; 1981] 
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suggest correlation of the Campechc nnd Louann dcpositRo The Louann (and 

pure nature implies rapj.d deposition 9 perhaps on the order of ocly hundreds 

of thousands of years (Co Schreiber~ personal communication~ 1983)o The 

environmental picture associated with the Gulf of Mexico 9 s salt deposits 

consists of a subsiding basin/platform 9 during lithospheric attenuation 9 

located possibly behind a foundering tectonic barrier to marine waterso 

Flooding by marine waters produced numerous or continued shallow-water 

influxes perhaps only tens of meters deep 9 the evaporation of which led to 

salt deposition at rates which easily matched rates of basin subsidence 

[Schreiber and Hsu 9 1980]o 

Except for local occurrences such as the Buckner facies of the northern 

Gulf Coast~ Gulf-wide salt deposition ceased by early Oxfordian time at the 

onset of relatively open marine circulationo Open circulation probably was 

structurally controlled by the establishment of the Gulf of Mexico's 

mid-ocean ridge system (Figures 3o5 and 3o6)o The emplacement of oceanic 

crust at typical isostatic elevations (2o6 km below present sea level) 

produced a deep central Gulf trough sufficient to allow open marine 

circulation throughout most of the Gulfo Furthermore 9 it was not until about 

this time that the separation between South America and North America 9 

incorporating all basement attenuation in the Gulf 9 was sufficient to 

accommodate the present size of the Yucatan blocko The most likely entrance 

for marine waters into the Gulf during the Late Jurassic is between Florida 

and Yucatan 9 as DSDP leg 77 documented Jurassic extension and marine 

sedimentation [Schlager et alo 9 1984] 9 and the Proto~Caribbean certainly had 

become marine by Oxfordian timeo Spreading at the Gulf's ridge system 

isolated the main salt provinces 9 accounted for continued separation between 

the UoSo Gulf Coast and Yucatan without further basement attenuation within 
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their margins> ancl translated the Florida Straits block to its present 

position beneath the ~estern Bahamas and southern Florida (Figures 3.5; 3.6 

and 3.8). Norphlet and Smackove~ deposition on the attenuated Gulf Coast 

margin was not controlled by primary rifting bul by differential subsidence 

between adjacent basement blocks within a thermally subsiding platform andg 

perhaps locallyg by salt migration where salt accumulations were 

sufficiently thick. The Norphlet effectively blanketed basement features 

(except Sabine and Wiggins) (Nicholas and Waddellp 1982; Cagle and Khang 

1983] so that by Smackover time (Figure 3.7)g a true platform or carbonate 

ramp had developed [Budd and Loucks? 1981]. 

In the western Gulf 9 migration of Yucatan continued along the 

Tamaulipas-Golden Lane-Chiapas transform fault (TGLC). To the north of· the 

migrating junction of TGLC and the central Gulf ridge system 9 TGLC evolved 

as a fracture zone separating zones of differential subsidence. The abrupt 

topographic lowp or freeboard 9 east of TGLC received enormous volumes of 

sediment (for examplep Burgos Basin east of Monterrey? Mexico) [King 9 1969]. 

As strike~slip motion ceased along the Tamaulipas Arch, it subsided and 

eventually was onlapped by Upper Jurassic carbonates. 

Along the Pacific margin? left-lateral migration of Mexican blocks may 

have occurred at this time primarily along the Trans-Mexican Volcanic Belt 

lineament. The portion of proto-Mexico referred to here as the Guerrero 

block could not yet have reached its present position because of overlap 

with South America. Models of Caribbean evolution [Wadge and Burke? 1983; 

Pindell and Deweyg 1982] assume a pre-Eocene connection between the Guerrero 

and pre-Mesozoic Chortis blocks; Chortis may have been connected to the 

Guerrero block at this time. Arc-related volcanism within Colombia is 

indicated for the Late Jurassic by radiometrically determined ages on 

presumably subduction-related plutons [Tschanz et al.? 1974]. Convergence 
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betvJeen Chortis~Gu'errero and Colombia is 9 therefore 9 seen as 1 i k~l Yo This 

can only have been possible if the Kula/FaralJ.on Plate convereence rate with 

South America exceeded the spreading rate 

and if the Gue:r:rero·Chortis terrane 

between North and South AmericaD 

essentially belonged to the 

Kula/Farallon Plate 0 as the Salinian block of western California essentially 

belongs to the Pacific Plate todaya 

Early Tithonian (Late Jurassic) 

Oxfordian~Kimmeridgian seafloor spreading at the 

separated the Yucatan and Florida Straits blocks from the 

ridge system 

Gulf Coast 

margin and isolated the three main salt provinces (Figure 3a6)o Figure 3a7 

summarizes lithofacies deposited in the 

(primarily Smackover and equivalents)" 

Gulf area during Oxfordian time 

A postulated triple junction off of 

DeSoto Canyon in the northeast Gulf connected the central and eastern Gulf 

ridge systems to the postulated Florida Elbow transformo Southeastward 

migration of the Florida Straits block may have produced the steep, 

east-southeast trending portion of the northwestern Florida Escarpment" In 

the southwestern Gulfp transform motion between Yucatan and Mexico continued 

along the Golden Lane-Chiapas portion of TGLCo No salt was deposited along 

the Mexican margin where seafloor spreading occurred" In Chiapasp deposits 

of the Todos Santos "rift facies" are younger (Late Jurassic-Early 

Cretaceous) [Anderson et alop 1973] than those to the north (Werner and 

equivalents)" This is because shear along the active transform between 

Yucatan and eastern Mexico continued longer in the south; that portion of 

TGLC north of the southward migrating central-Gulf spreading center 

progressively became a fracture zonep typified by simple thermal subsidence 

and carbonate deposition" 
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In Mexico~ :::hearing 9 pe:r.hn.ps lucalh;ed ciluug i.:he Trans ,i"Jcxican Volcanic 

Belt U.twnmcnt o bro~ght the Guei'i'. e::·o !Jlod: ( auci Cho:ctis· ·NJ.cs:..:agua lhse) nem· 

its final pos:i. t:i.m1 o To the easl~ o the Pr.·oto· ·Ca:d. bbean co a :.:inued to open 9 

fanlike 0 bettJeen Yucatan and Venezuelao The mid· ·ocean r.:i.dge in lhis basin 

must have been joined in some tJay \·Jith the plate boundary separating the 

Florida St.:raits and Yucatan blocks 9 which in turn must have been connected 

to the Central North Atlantic ridge system by a long transform along the 

south side of the Bahamaso A single triple junction is portrayed connecting 

these plate boundaries in the northern Proto~Caribbean 9 for simplicity 9 but 

Paleogene subduction of this crust has eliminated direct evidence for this 

proposition a 

Berriasian (Earliest Cretaceous) 

Horizontal plate motions associated with the opening of the Gulf of 

Mexico were completed by the earliest Cretaceous (Figure 3o8)o It was not 

untii this time that South Awe:i'ica had migrated sufficiently far from North 

America to accommodate Yucatan in its present position relative to North 

Americao Likewise 9 the Guerrero block of Mexico may have reached its final 

position as wello Termination of its southeastward migration may relate to 

cessation of a shearing component of subduction 9 ·as is indicated by the 

Early Cretaceous initiation of head-on convergence (northeast relative 

motion) between North America and the Kula/Farallon plates [Engebretson 9 

1982]o The termination of seafloor spreading in the Gulf of Mexico affixed 

the Yucatan and Florida Straits blocks to the North American Plateo Thus 9 

continued spreading between North and South America occurred at a ridge 

system(s) in the Proto-Caribbean basino This ridge must have been connected 

to the mid-Atlantic Ridge via a long left-lateral transform 9 and must have 
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extended out jnt.n thP P;:)r.ifir. r~=>8lrn between Yucatan and Colombiau 

Beginntn.g at ma.gnet:tc anomaly M· ·21 and ending a·;: M ,;_:· 0 f:ra:::.tur~ zone 

traces in the western Central North Atlantic rossess a ~ink that indicBtes a 

westward shift in the Central North Atlantic pole position during that time 

interval [Klitgord and Schouten~ 198~; Klitgord et al.g 1984]. Such a shift 

should produce compression at any long left-lateral transforms in the 

system. Assuming that the eastern Bahamas is underlain by oceanic crust 

(see above)p the origin of the eastern Bahamas platform (oceanic basement 

uplift tog or formation atp the photic zone) is probably due either to 

compression at the long left~lateral Bahamian transform zonep similar to the 

Recent 3 km uplift of basement at the Mussau Ridge of the eastern Caroline 

Plate [Hegarty et al.P 1983] and the Pliocene emergence of the Romanche 

transform in the Equatorial Atlantic [Bonatti et al.p 1977]p or to extension 

and volcanism along the transform zone (hot spot). Howeverp due to the 

kinematic prediction of compression arising from the temporary change in the 

Central Atlantic pole positionp a compressional origin is favored here 

(Figure 3o8)c 

Post~Berriasian Development 

Throughout most of the Cretaceousp carbonate banks developed across 

nearly all of the shelf margins of the Gulfp Bahamasp and Proto-Caribbean 

region. Terrigenous clastics were largely restricted to the arc systems 

bounding the Pacific realm. During the Late Cretaceousp howeverp thrustingp 

uplift and erosion in the Sierra Madre Oriental and the Rocky Mountain 

Overthrust provided enormous quantities of terrigenous clastics to the 

western and central Gulf realm. The Florida Banks were protected from 

clastic deposition by the DeSoto Canyon bathymetric barrier. The probable 
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is the atrlv~l of buoyant oceanic masses at western 

i!lig:retion o:£ the p:r.esent Carib beau Plate u led by the G:r.eate:r Ant:UletJ a:rc 

systemu into the Proto~aribbean realm 1 thereby subducting crust of the 

Proto·~Ca:ribbean basino 1'he Caribbean Plate as a vJhole probably is a buoyant 

mass of Pacific origin [Burke et aLu 1978]o Orogeny and clasdc deposition 

has occurred progressively eastward along the margins of the 

Proto~aribbeanu associated with the northeastward migration of arc systems 

at the leading edge of the Caribbean Plate [Dickinson and Coney~ 1980; 

Pindell and Dewey 1 1982]o The Caribbean Plate interacted with the southern 

Yucatan shelf and northwest South America in the Late Cretaceous, the 

western and central Bahamas and north~central Venezuela in the Paleogene~ 

and with northeastern Venezuela and the easternmost Bahamas in the Neogeneo 
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FIELD STUDIESv PUERTO PLATA AREA 9 NORTHERN DOMINICAN REPUBLrC 

Introduction~ 
---· -·---~=""""=-~ 

This chapter summarizes the author 1 s field studies conducted in the 

Puerto Plata area of northern Dominican Republic 9 on the Greater Antillean 

island of Hispaniola. The results of the field work are important to the 

definition of first~order Caribbean plate~tectonic elements made in Chapter 

6 (Outline of Primary Caribbean Geological Features)~ therefore 9 this 

chapter precedes that one. 

This chapter is organized as follows. First 1 the field problem is 

defined. This is done by briefly reviewing the geology and history of Cuba 9 

Hispaniola 9 and the Cayman Trough. It is shown that an important discrepancy 

exists between the commonly accepted models for the history of the Greater 

Antilles arc and for thP. Cayman Trough. Then, on a more detailed scale, the 

morpho-tectonic provinces of Hispaniola and their histories are reviewed. 

This provides a framework~ on the scale of Hispaniola 9 into which can be 

placed the significance of the field work. The results of the field studies 

in the Puerto Plata area are then summarized. From the field work 1 

conclusions are drawn that are later integrated into the Caribbean 

plate-tectonic elements defined in Chapter 6. 

Definition of the field problem~ 

The Greater Antilles islands comprise Cuba 9 Hispaniola 9 Puerto Rico and 

93 
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Jamaica (Figure /~ o 1) o Each of islancl;:; p;_-edominauLly cuinpu::;ed of 

Cretaceou8 to Eocene voJr.a:o.:i.r. and sed imen tcn·y rocks of island-arc 

association. The volcanic island·-arc constituents of western and central. 

Cuba~ hO\'Jever P may have been abducted ,onto p c:.nd hence overlie 9 stretched 

pre~Mesozoic continental crust of the Bahamian margino The basements of 

Hispaniola and Puerto Rico appear to be composed entirely of oceanic crust 

[Bm-Jinp 1975; Banks 9 1975]o That of Jamaica is unknown 9 but also is probably 

oceanic crust [Ardenp 1975]o The island arc associations of Cuba 9 Hispaniola 

and Puerto Rico are very similar; the three islands very likely constitute 

portions of one original island arc systemo The rocks of Jamaica show a 

similar history too~ but Jamaica 9 s geographic position relative to the other 

islands makes it necessary to question Jamaica 9 s genetic relationship with 

the other islandso 

To the north of Cuba and Hispaniola are situated the Jurassic to Recent 

carbonate banks of the Bahamaso Stretched pre~Mesozoic crust underlies Great 

Bahama Banks whereas oceanic crust probably underlies the eastern portion 

[Schlager et aL 9 1984; Uchupi et aL 9 1971]. From the literature 9 a strong 

case may be made that Cuba collided with the Bahamas Platform in the early 

Paleogene; the collision culminated in the Middle Eoceneo A detailed account 

of this collision is given in Chapter 6 9 but the main lines of evidence for 

the timing of this collision are (1) Paleocene-Early Eocene orogenic 

sediments and the Jurassic-Eocene carbonates of the Bahamas Platform are 

overthrust by the north Cuban ophiolite sheets [Pardo 9 1975] 9 (2) island arc 

volcanism ceased in the Early Tertiary 9 (3) orogenic flysch units of Early 

Eocene age contain 9 for the first time 9 debris from both a volcanic source 

and the Bahamas Platform [Pardo 9 1975] 9 (4) seafloor spreading ceased in the 

Yucatan intra~arc basin in probably the Eocene [Rosencrantz et alo 9 in 

press 9 1985] 9 (5) subsidence in the Andros Island well of the Bahamas was 
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five times faster during the Paleocene-~arly Eocene than it was before and 

after this period [Paulus~ 1972]p and (6) Upper Eocene flat<~lying carbonates 

overlte t.mconformabJ.y the deformed collision belto 

Along the north coast of Hispaniola 9 the ~~emaj.ns of an 

subduction zone indicate arc~Baharnas collision ther.ep as well as 

uplifted 

in Cuba 

[Nagle 9 19669 19799 Bowin and Nagle 9 1980]o Like Cuba 9 these authors suggest 

that the Hispaniolan collision occurred during the Eocene 9 based on the 

argument that the nearly flat~lying Luperon sandstone of the north coast 

(Upper Eocene) overlies the subduction complex unconformablys and that the 

subduction complex contains rocks as young as Eoceneo If so 9 it could be 

concluded that Cuba and Hispaniola collided together as single arc with the 

Bahamas in Eocene timeo 

However~ between Cuba and Hispaniola lies the Cayman Trough~ a 1400 

km=long basin that is defined by the Swan and Oriente transform faults and 

the Mid=Cayman Spreading Center (Figure 4ol)o The Cayman Trough began to 

form in the Early Oligocene [Wadge and Burke 9 1983] 9 is floored by oceanic 

crust [PP-rftt ft.nd HP-~?.~np J.978] P a.nd :i.s presently seismicslly active 

primarily along the above-mentioned fault zones [Molnar and Sykes 9 1969]; 

the migration of the Caribbean Plate past North America is being recorded by 

the formation of the Cayman Trougho Assuming the entire Trough formed in 

this way 9 it would appear that the basin is an exceptionally extended 

pull~apart basins whose offset is probably 1050 to 1100 km 9 taking into 

account the fact that the ends of the 1400 km-long basin are underlain by 

attenuated crust rather than true oceano 

Meyerhoff [1966] believed that Cuba and Hispaniola are sufficiently 

similar to propose that the two islands must have been once aligned 9 and 

that the alignment of their metamorphic belts (arc and subduction complex) 

provides a measure for the total offset along the Cayman Trougho He 
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concluded that the i3lands have beP.n by only J.80 kw aluug i.:he Ociente 

Faulta which presently leaves the ee~tern end of the Cayman Trough and 

passes between Cuba and Hispaniola (Figure 4al). If the offset across the 

Cayman Trough \1aS any greater~ such as 1050 or 1100 km~ :restoration of the 

offset would place Hispaniola far to the west of Cuba prior to the Oligocene 

opening of the Trough~ and vJOuld bring into question the genetic 

relationship between the Cuban and Hispaniolan arc segmentso 

Although the offset across the fault cannot be directly proved from 

observation of the Trough itself 9 the period of active subdu~tion at the 

Lesser Antilles (Eocene to Recent) is strong evidence to suggest that the 

Caribbean Plate has been migrating east with respect to North America since 

that timeo Further 9 for lack of any other probable mode of origin for the 

Cayman Trough 9 it appears that the pull~apart model of opening explains the 

geology of the Trough most satisfactorilyo We are left 9 therefore~ in a 

quandary: how can Cuba and Hispaniola have belonged to the same arc prior to 

the Eocene 9 and the Cayman Trough have opened by 1050 to 1100 km of 

strike-slip offset since the Oligocene? 

To further complicate matters 9 recent work by Bourgois et al. [1980] 

shows that the subduction complex of northern Hispaniola contains rocks as 

young as Middle Miocene 9 and that the subduction complex is not overlain 

anywhere by the Upper Eocene Luperon Formation. They conclude that 

emplacement of the subduction complex is Middle Miocene in age 9 following 

the deposition of the Luperon. The main implication of this would be that 

the Hispaniolan and Cuban portions of the Greater Antilles belong to 

different arcs 9 which collided with the Bahamas at different times. This 

would have -profound influence upon the possible plate~boundary mosaics that 

could be derived to explain the evolution of the Caribbean region. 

Unfortunately 9 no wells exist in the eastern Bahamas to measure a possible 
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Miocene subsidence phase due to a Hispaniolan collisiono 

Thus 9 the premise of an originally continuous Cub&·Hispaniola arc is 

brought into qu.esttono It was decided that the critical area to test the 

various alternatives was the subduction complex along the no:cth coast of 

Hispaniolao \vas the age of emplacement Eocene or Miocene? If Eocene 9 did 

Cuba and Hispaniola belong to the same arc? If so 9 how can the great offset 

across the Cayman Trough be explained? Also 9 is 180 km the best estimate of 

the Cuba~Hispaniola offset? Finally 9 when did the offset occur? These 

questions define the object of the field work undertaken by the authoro 

Most of these can be answered from the study of the north coasto The 

reconciliation of the Cayman Trough offset 9 however 9 must be studied in the 

southwestern part of Hispaniola; these studies are defined and summarized in 

Chapter So 

The morgho-tectonic provinces of Hispaniola~ 

The physiographic map of Hispaniola (Figure 4o2) shows that the island 

is formed of four linear cordillera that are separated by three intervening 

troughso Lewis [1980] divided Hispaniola into 9 physiographic provinceso 

In Figure 4o3 9 a modified version of Lewis' provinces is shown which 

highlights the various structural elements of the islando Each of the 

provinces of Figure 4o3 is geolo~ically distinct from the next 9 and the 

provinces roughly follow the topographic variations of the islando Hence 9 

the provinces may be considered as morpho-tectonic provinceso The general 

stratigraphies of the morpho-tectonic provinces of Figure 4o3 are shown in 

Figure 4o4o The general geology of each province is summarized below in 

reference to the stratigraphic compilations of Figure 4o4o 
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l) Subduction complexo north coast (this outline essentially summarizes the 

results of the author~ s field~:Jork) o Pre· ·Middle Eocene ultx-a.maficR 9 

gabbro~ serpentinized peridotite 9 sheared volcanics 0 pillou basalt, 

l::i.mestone, sandstone 0 tuff o minor che:rt 9 and mud comprise a melauge 

that vJas emplaced in the Early to mid·-Eocenea This complex was 

transgressed by the Upper Eocene~Upper Oligocene Luperon shallovJ·~vJater 

sandstoneo Luperon~equivalent deposition may have persisted into the 

Early Miocene towards the east of the provinceo An Early to Middle 

Miocene period of folding 9 faulting 9 and erosion was followed by the 

deposition of the the Upper Miocene~Middle Pliocene Villa Trina 

carbonateso Since the Middle Pliocene 9 the province has been uplifted 9 

and Quaternary reefs now flank the shoreso 

(mud- and serpentinite-diapirism) has 

Reactivation of the melange 

occurred since the Middle 

Miocene 7 intruding the Luperon and Villa Trina and incorporating those 

rocks into the mud matrixo 

2) Cordillera Septentrionale A pre-Upper Eocene basement of silicic volcanic 

rocks and plutons is unconformably overlain by Upper Eocene to Early 

Miocene sands 9 shales and conglomerates of the Altamira Formation 7 

which is correlative to 9 but a deeper-water facies of 7 the Luperon 

Formation of province lo A Middle Miocene period of folding 7 faulting 7 

and erosion was followed by the deposition of the Upper Miocene to 

Middle Pliocene carbonates of the Villa Trina Formationo The Cordillera 

became emergent in the Middle Pliocene 9 and elevations are now in 

excess of 2000 meterso 

3) Cibao Valleyo The pre-Oligocene is poorly known 9 but the site of the 

Cibao was probably the proximal forearc basin of the Cordillera Central 

Arc during the final stages of the convergence between the Greater 

Antilles and the Baharnaso Volcaniclastics 9 dirty limestones. and minor 
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volcanics might be expected. Upper Eocene-Early Miocene dcpositon is 

inferred to be similer to that along the baGin margins; i.e. 9 

conglornerates 9 sands and shales equivalent to the Tabera Group 

southwest of Santiago 9 and to the Altamira Formation of the Cordillera 

Septentrional. In the Neogene 9 various shalloH~water carbonate units 

were deposited 9 such as the Cercado 9 the Gurabo 9 and the Mao Formations 

[Saunders et al. 9 1980]. These units are thought to be shallow~water 

equivalents of the Villa Trina Formation in the Cordillera 

Septentrional to the north. An important aspect of the Cibao Valley is 

the exceedingly fast subsidence rates for the Neogene. As much as 7 km 

of Miocene~Pliocene sediment fills the basin asymmetr.ically 9 deepening 

to the north against the Septentrional Fault. Loading by a reverse 

component of at least 9 km 9 in association with strike-slip 9 on the 

steeply north~dipping Septentrional Fault clearly has played' a role in 

the subsidence mechanism for the basin. 

4) Cordillera Central~Massif du Nord. This province is the backbone of the 

island arc. A metamcrphoDed Early Cretaceous basement of mafic 

volcanics (probably a form of oceanic crust) is intruded by Aptian 

through Eocene intermediate to silicic plutonso This time-span is 

assumed to indicate the period of active subduction beneath the 

Hispaniolan arc complex. The flanks of the Cordillera are onlapped by 

various Cretaceous and Tertiary sedimentary strata 9 but the range has 

remained emergent 9 probably since the Campanian 9 certainly since the 

Eocene. Minor Quaternary? alkalic volcanics occur near Constanza 

[Donnelly and Rogers 9 1980] 9 but these are probably not related to 

subduction. 

4b) Northwest Peninsula of Haitio Some physiographic outlines of Hispaniola 

(e.go 9 Lewis [1980]) consider this area a part of the Plateau 



Central...--,San Juan Province 9 but the thin Tertiary R€dimeuts there aL·e 

underlain by intermediate to silicic volcanics like those of th0 

Cordillera Centrsl·~Massif du Nord o Hence 9 this area is considered pa:ct 

of the main arc systemv and is not strictly a separate provincee In 

the Tertiary 9 conglomerates and sands were deposited in the Eocene and 

in the Miocene 9 separated by an Oligocene unconformity with local 

reefse 

5) Cordillera Orientale It is not known whether or not to include this area 

with the Cibao Valley or the Cordillera Centrale Lower Cretaceous 

acidic volcanics 9 tuffs and basalts are overlain (at El Seybo at least) 

by an Aptian-Albian rudist-bearing limestone [Hernandez, 1980]o These 

are followed by sandstones 9 limestones, tuffs and basic lavas into the 

Upper Cretaceouso A stock dated at 75 Ma cuts most of the volcanicso 

Minor terrigenous and marine Oligocene? to Upper Miocene beds locally 

transgress the older complexo 

in Cordillera Oriental by 

distinctly different to the 

It appears that volcanism largely ceased 

the beginning of the Tertiary; this is 

Cordillera Central, where plutonism 

continued into the Eocene, although indications of Paleogene plutonism 

may be obscured by poor exposure and erosiono It is likelyp however 9 

that the axis of arc volcanism migrated from this area in the Late 

Cretaceousp perhaps related to changes in the geometry of subduction 

beneath the arc (see Chapter 8)o Although unknown, this history may be 

more similar to the Cretaceous history ?f the Cibao Valley rather than 

to the Cordillera Centralo 

6) Plateau Central~San Juan Basino This valley, and all areas to the south 

as well, possesses no record of Cretaceous to Eocene island arc 

volcanismo This is clearly distinct from the northern half of the 

islando Basement in this province is poorly known; Eocene pelagic 
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limestones and cherts (Neiba or Plaisance Formaticno) form the lowcGt 

lmm-m secU.on. Basalts exposed in the Sierra Neiba and the Southern 

Peninsula to the south are probably indicative of basement throughout 

the southwest of the island. The basalts are correlative to the B11 

seismic horizon of the Caribbean Plate. In the valley properp no sign 

of a terrigenous (arc~derived) sedimentary input is known until the 

Early Miocene [Michaelp 1979]. This is discrepant with the Cordillera 

Central's emergence throughout the Tertiary. Hence 9 the northern 

boundary of the basin (Los Pozos-San Juan Boundary Fault) is proposed 

as a site of large strike~slip offset which occurred during the Middle 

Eocene to Early -Miocene period (see chapter 6). This motion brought the 

San Juan Basin into juxtaposition with the Cordillera Central 9 so that 

arc-derived material is present only in the basin's post-Oligocene 

sections. Carbonates with a terrigenous component continue in the 

basin through the Miocene 9 after which time the basin became mostly 

emergent. Pliocene to Recent thrusting along the Los Pozos-San Juan 

Fault zone obscures direct asseanmcnt of the strike-·nlip history. 

6b) Sierra El Numero. In the southeasternmost part of the San Juan Basin 9 in 

the Sierra El Numerop Eocene conglomerates and sandstones (formerly 

thought to be Upper Cretaceous) are folded and thrusted in a fashion 

that is similar to that in an accretionary prism. The south-verging 

complex is overlain by Oligocene conglomerates and olistostromes. The 

clasts of the Eocene and of the Oligocene sediments are arc~derived. 

It is suggested that this "accretion" is due to a convergent component 

associated with the Eocene-Early Miocene strike-slip motion along the 

Los Pozos-San Juan Fault Zonep rather than due to subduction sensu 

stricto. No deposits other than sandp shale and conglomerate are 

known 9 there is no known metamorphism in the belt 9 and there are no 
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known Upper Eocene~Oligocene subduction -related vol<-an:i.<-s to the 

north. The Eocene sediment ~as probably deposited aJ.ong the length o[ 

the arc 9 but the subseq~ent strike-~lip motion is responsible for its 

present position in the southeast only. Hence 9 the magnitude of offset 

may exceed 250 km. 

7) Montagnes Noires 9 Chaine des Matheaux~ Sierra Neiba. Basement in this 

area consists of Cretaceous mafic volcanics 9 with no indication of 

subduction~related volcanismo Volcaniclastic turbidites of possible 

Paleocene age occur only locallyo The first regional 

succession includes Middle Eocene bioclastics (Plaisance 

sedimentary 

Formation) 9 

and Upper Eocene pelagic carbonates (chalks) and cherts (Neiba 

Forrnation)o These sediments show no indication of the Eocene orogenesis 

that was occurring synchronously in the Cordillera Centralo As stated 

above 9 large strike-slip offset probably has since occurred along the 

Plateau Central-San Juan Basino Pelagic limestones (Sombrerito and 

Lemba Formation) were deposited through the Lower Aquitanian (Lower 

Miocene)o In Sierra Neiba 9 these arc followed by marls, bioclastics~ 

and volcano-sedimentary sediments of Upper Aquitanian to possibly 

Serravallian age [Bourgois et ala~ 1979a]o These are the first 

sediments to show a terrigenous source (Cordillera Central)o During the 

Tortonian or later 9 these Middle Miocene sediments were overthrust from 

the north (south-vergent thrusting) by Eocene-Miocene sedimentary 

rockso Uplift and possibly emergence of Sierra Neiba occurred in the 

Late Miocene 9 in association with the subsidence of the Enriquillo 

Basin to the southo This uplift geographically separated the San Juan 

and Enriquillo Basins 9 probably for the first timeo 

8) Enriquillo-Cul de Sac Basino Basement in this basin is unknown 9 but by 

analogy with surrounding areas it is probably oceanic crust affected by 
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the B19 basaltic extrusions" Likewise~ thP. Plaisance and Neiba 

Formations-probably occur 9 but this is unconfirmed to the authoro Late 

Oligocene pelagics and minor shale are known 9 and deep-water conditions 

generally persisted into the Middle or Late Mioceneo The Fonda Negro 

subbasin in the east was filled at rapid rates during the Late Miocene 

[Cooperp 1983] 9 probably in association with the southward advance of 

thrust sheets of Sierra Neiba (foredeep relationship)o The 

Enriquillo-Cul de Sac has since remained near sea-level 9 with periodic 

transgressions and regressionso 

9) Sierra Baharuco 9 Massif de la Sellep Massif de 1 9Hotteo Basement 

consists of Caribbean seafloor with B11 basalts which was extremely 

deformed during the Campanian-Maestichtian [Maurrasse et alop 1979]o 

Various Upper Cretaceous-Early Eocene turbidites containing basaltic 

and carbonate clasts (Belocp Marigot Formations) locally overlie the 

basement locallyo In Sierra Bahoruco 9 an Upper Cretaceous to Lower 

Paleocene unconformity occurs 9 and these clastics are absento In the 

Paleogene 9 ~ carbonate banks separated by deeper areas developed~ as 

recorded by the Plaisance 9 Neiba and Jeremie Formations [Maurrassep 

1982]o Carbonate deposition continued into the Mioceneo A regional 

uplift or shallowing of the peninsula began in the Middle? Miocenep 

associated with the general north-south compression witnessed across 

southern Hispaniolao 

Geology and evolution of the Puerto Plata area: 

The location of the field area relative to other geographic features in 
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northern Dominican Republi r. iF: Rhown in Figure 4-oS., The area circumscribe::: o. 

fenster through the Mjocene-~liocene ma~ls and limestones of the Cordillera 

Septectrionsl~ which exposes a po~tion of the subduction complex of the 

north coast (province 1 of Figure 4.3). 

Previous work 

Most of the work to date on the area was done by F. Nagle [Nagle, 1966; 

19691 19/1; 1972; 1974; 1979; Bowin and Nagle 0 1980]. Prior to Nagle 9 s PhD 

mapping in the early 1960 9 s 0 the Puerto Plata area had been included in a 

general paleontological study by Bermudez r1949]o in which several Tertiary 

ages on the sandstones and carbonates in the area were reported. Gabb 

[1873] and Vaughan et al. .[1921] give general descriptions 0 but only from 

an historical perspective. More recentlyo the area has been included in the 

general mapping by Eberle et al. [1980] of the entire Cordillera 

Septentrional. Also 0 some paleontological work by Bourgois et al. [1980] 

has provided some new informatton on the age of certain units in the area. 

Until the time of this writingo no geological map of the area on a 

proper topographic basemap exists. Filling this void is one of this work's 

objectives. Nagle's work provideso however 0 quite detailed assessments of 

the lithologies present. His petrographic analyses are quite complete; few 

additional lithologies were discovered by the writer. The work of Eberle et 

al. [1980] for the Puerto Plata area relied heavily upon the previous work 

of Nagle. As indicated above in the definition of the field problemo the 

main point of contention regarding the Puerto Plata area is the timing and 

style of emplacement of the subduction complex. The Nagle "school'' argues 

for Eoceneo while Bourgois et al. [1980] calls for Maestrichtian~Paleocene 

elevation of peridotite to the photic zoneo followed by a Miocene phase of 
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Figure 4o5o Location map of the field area (box with heavy stipple) 9 placed 
in a regional context (modified after Bourgois et alo [1980])o 
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~on~~ntrated on (1) the definition of thR litholrigic units pre~ent. and (~) 

the relationships in time and space between the varicGs units. rather than 

on a comprehensive lithologj.c examination. The findings are interpreted 

under the more recent philosophy of subduction complexes in general [Cloos. 

1982; Karig. 1980; Becker and Cloos. 1985; Williams et al •• 1984; Murphy and 

Aal to. 1983] • 

Geological map of the Puerto Plata area 

About 15 weeks of field work around Puerto Plata were done over the 

summer of 1982 and the winter of 1985. The resulting map is shown as Plate 

1. Mapping was done at a scale of 1:25.000 on 100% blowups of the 1:50.000 

sheets (20 meter contour interval) of the U.S. Army map service topographic 

maps of the Dominican Republic (updated in 1966~1967). Plate 1 is presented 

at a scale of 1:50.000. 

Localities in the map area arc identified in the text by the Universal 

Transverse Mercator Grid System (UTMG). This coordinate system is shown on 

Plate 1. Using this system. and mapping at a scale of 1:25.000. outcrop 

localities may be qefined to a realistic accuracy of 50 meters. By 

convention. the north-south trending coordinate is cited before the 

east-west coordinate. 

Fossil localities where age determinations were available to the author 

are identified on the map in large circled numbers. These are defined 

below. after the description of the stratigraphy. 

Stratigraphy of the Puerto Plata area 



]_ 1 'j 

The single most striking characteristic of most of thP ~orks around 

Puerto Plata is that they occur j_n a chaotic manner [Nr=:.p,le 0 J.97/.]" NagJ.e 

[1966; 1912] referred to one of the units present an &n olistcst~ome (San 

Marcos) to explain the occu:r:cence of a va:ciety of ollocht.b.onous blocks 9 or 

knockers 9 sitting in a mud matrix. More recently" the idea- of the area 

representing a tectonic melange of trench fill has emerged [Bowin and Nagle 9 

1980; Bourgois et al. 9 1980]. Figure 4.6 compares the stratigraphy of the 

area from the views of Nagle [1966] and Bourgois et al. [1980]. 

The present work acknowledges strengths to both compilations. The 

author 1 s stratigraphic column for the Puerto Plata area is shown in Figure 

4.7. Briefly stated 9 it is agreed that a tectonic melange with mud 

encompassing all of the lithologies in the Puerto Plata area exists 9 

following Bourgois et al. [1980] 9 but it is contended that the melange was 

initially emplaced during the Eocene 9 following the Nagle "school 9 " and has 

been reactivated and remobilized since the Middle Miocene. The rock units 9 

as they have been mapped in Plate 1 and schematically shown in Figure 4.6 9 

are described below. 

The Puerto Plata Melange~ 

The Puerto Plata Melange consists of serpentinized peridotite 9 layered 

cumulate ultramafics and gabbros 9 sheared volcanics of intermediate 

composition 9 pillow lavas 9 minor pelagic sediments 9 blueschists 9 

amphibolites 9 marble 9 greenshists 9 andesitic tuffs 9 shallow-water 1imestone 9 

I 
and a variety of sedime,tary rocks including turbiditic limestone 9 sandstone 

and mudstone 9 all set in an unconsolidated 9 weakly foliated 9 sheared mud 

matrix. In some areas 9 the solid constituents volumetrically dominate 9 but 

never exclude 9 the mud matrix. In other places 9 the mud dominates 9 but 

never excludes 9 the solid constituents. These various lithologies are 
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Figure 4o7. Stratigraphic column of the Puerto Plata area as defined in this 
study. 
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serpentinite in the fjeJ.d area 9 maooive and brecciated 0 neither of ~hi~h ~ss 

em);.llaced magmaticallyo This is confirmed by this studyc Roadcu.ts along the 

neu Santiago~Puerto Plata high~tmy sh01:1 that the massive serpentinites a:ce 

internally sheared in a phacoidal fashion 9 on a centimeter to decameter (10 

meters) scaleo Blocks of other lithologies such as sheared volcanics and 

schists are occasionally interlaced with the phacoids 9 indicating intense 

tectonic shearingo 

The brecciated serpentinites are more diverseo Well-rounded fragments 

of serpentinized peridotite are encased in a lighter green to grey matrix 

consisting mostly of serpentinite gougeo The fragments range in size from 

sand to boulders one meter in diametero The matrix ranges from about 10% to 

as much as 70% of the total rock volumeo The rounding of the fragments is 

probably tectonic in origin 9 but a sedimentary origin for the "breccias" 

cannot be ruled outo In certain areas 9 they look very much like a typical 

~onglomerate consisting of peridotite clasts within a serpentinite-derived 

matrix of clay to sand sized particleso In at least three separate 

localities west of Maimon Bay (31270/2193509 31020/2195409 and 

31050/219710) 9 limestone clasts of 3 em to 25 em are among the fragments in 

the peridotite brecciao Thisp however 9 could be due to either sedimentary 

or tectonic mixingo 

Layered cumulate ultramafics: In a cliff section along the coast to the 

east of Maimon Bay (31650/219420) 9 tightly folded layered ultramafics 

occuro The occurrence is fault-bounded and unrelated to the neighboring 

rocks; it seems to be a block exceeding 40 meters in diameter 9 jumbled in 

with the gabbros and volcanics also present along this portion of the 

coasto The hills immediately · south of this occurrence may be layered 
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insuffi~j~nt to t~ll. fo~ cGrtain. No othel' definite layered cum'-!lai:c 

ultramafj_cs t·Jere seen in the Pue:cto Plata at'ea.. 

_Gf!bbro_~~ Along the coast to the east of Maimon Bay (31620/219L~20) and 

alone the new highway (31720/219280)a cliff sections of coarse--grained 

leucogabbro are exposedo On the coast, these are clearly layered 

cumulates. Some horizons are darker that the rest 9 and contain a greater 

percentage of pyroxine. The gabbros are very fractured and hydrothermally 

altereda with calcite veins filling the fractures. As with the ultramaficsp 

the gabbro bodies appear to be blocks 9 two of which exceed 100 meters in 

length. 

In one locality on only a meter scale (31580/219420) 9 a dark diabase 

intrudes the gabbro. In another locality on a meter scale (31680/219430)p 

the gabbro intrudes the ultramafics. Both instances probably occurred in 

the original magma chamber as perturbations in the convective cooling 

process. 

Sheered volcanics of intermediate ~oruROSilion: This constituent 

correlates with the volcanic flows of Nagle 1 s [1966] Los Canos Formation. In 

most occurrences 9 they are extremely sheared and so weathered that decent 

samples could not be taken. Nagle [1966] considers them intermediate 

volcanics 9 and in some localities true andesites. The sheared volcanics are 

the only known rocks north of the Camu fault that could be related to 

island~arc volcanism. The basement of the Cordillera Septentrional 

immediately south of the Camu Fault 9 however 9 is composed of intermediate 

volcanicso It is suggested that the sheared volcanics (Los Canas) owe their 

source to the hanging wall of the overriding plate 9 and were torn off during 

the subduction accretion process prior to collision with the Bahamas. 

Pillow lavas~ Unquestionable pillow lavas occur at only one locality 9 
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which ia completely RUTrounded by the mud matrix (31750/218Bl0). Micritic 

limestone cement between the pillows giv8D nn Early Cretaceous (p~e··Aptlaxa) 

agEl [ Bou~cgols et aJ .. p J. 980] a The pUJ.ous RK"e not sheared oT. h:l.ghly 

fractured 0 Auggesting that they were probably emplaced into the melangEl late 

in the subduction history. They probably originated from the downgoing 

Atlantic crust just before collision with the Bahamas. Plate reconstructions 

(s·ee Chapter 3) predict an Early Cretaceous age for the proto~aribbean 

seafloor to the south of the Bahamas. 

Minor pelagic sediments~ At the locality of the pillowed lavas 

mentioned above 9 one finds fragments of red and gray pelagic sediments in 

the surrounding mud matrix. Other pelagics occur randomly thr.onghout the 

melange. Howevers no ages have been reported for these fragments 9 and their 

significance to the history of subduction is unknown. 

Bluespj~ts greenschist 9 amphibolite 9 marble~ Blocks of various 

metamorphic grade occur throughout the melange. Blueschists are common in 

the area immediately east of Imbert (around 31240/218580). Here 9 Nagle 

[ J966] reports that they occur \'lithin the scrpcntirritep w·hich is coufir me~ 

by the author 9 but occurrences were also found resting on the mud matrix. 

They probably occur in both the mud and the serpentinite. There is perhaps 

a relationship between this area of blueschists and the proximity of the 

Camu Fault. Discussed later is a case for the Camu Fault defining the 

contact between the subduction melange and the basement of the overriding 

forearc complex. If true 9 the Camu is the logical vent by which originally 

deep~seated blueschist could have escaped quickly to the surface. 

particularly if subduction was oblique prior to collision. 

Greenschist and amphibolite grade rocks occur erratically. One good 

example of an amphibolite is at (30540/218940). where a ten meter block 

rests on mud matrix. This area was previously unrecognised as being 
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underlain by the mud mntrixo An area dumiDclL~J Gy creenschists is at 

(30580/?.J.8B90) Q wher2 ocrpcntinite is p:cesent o 

Me.l.'ble 1-JaD r.epo::·ted along the nelif highvmy ·by Bow:ln and Nagle [ 1980] v 

but the author was unable to find this occurrenceo OtheT recrystallized 

limestones approaching marble grade are common in the mud matrixo 

Tuffs: The Puerto Plata Melange also contains blocks and fragments of 

usually beige to white tuffo Nagle [1966] included coarser~grained tuffs in 

the Los Canas Formation 9 whereas he placed finer.,grained tuffs into the 

Imbert Formationo In this studyp all tuffs are considered to be of the 

Imbert Formationo 

The presence of tuff fragments and blocks interspersed throughout the 

melange suggests that (1) tuff deposition occurred in the trench during 

active subduction and accretionp or (2) tuff deposition post-dated 

subduction 9 and the melange became remobilized 9 and then intruded the tuffs 

sometime after the collisiono The degree of interworking is considerable 9 

however 9 and mud diapirism into an overlying tuff sequence probably couldn't 

have achieved the degree of interworklug uGservedo Paleontological dating 

of the Imbert Formation indicates a Paleocene-Lower Eocene age [Nagle 9 

1966]; the Imbert thus predates the collisionp whether it occurred in the 

Eocene or in the Mioceneo Therefore 9 the former alternative is preferred 

hereo 

Shallow-water limestone: Large blocks of commonly brecciated 9 

recrystallized white limestone occur on and within the melange across the 

west-central part of the field areao This is the La Isla limestone of Nagle 

[1966] 9 which he inferred to be Miocene or youngero Bourgois et alo [1980] 

have determined a Late Maestrichtian or Paleocene age for a block of the La 

Isla that lies southwest of Maimon Bay (31270/219350)0 Eberle et al. [1980] 

disclaim this as the La Islap but the author has mapped this occurrence as 
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La Isla a.s \vell n Fnrthl?r v probable cobbles 3.nd pcbbJ.c:J of LA Isla occu:c lu 

at JeRP.t. th:cee exposures of the perfdotitc breccia (31~!0/219350, 

310~0/219540. and 31050/2l9JlC)D and in another exposure of the sheared 

volcanics of the Loa Canoo (31030/219540). Hence. a pre Middle Eocene age is 

preferred by the author. Amoco Production Company examined a sample of La 

Isla limestone from (31500/219370) and stated the following~ the sample is 

Tertiary in age, was deposited in shallow water, and has been rotated with 

respect to its original depositional attitude [S. Barrett, perso commoo 

1983]. Hence, La Isla limestone is assumed to be of Paleocene age, deposited 

in shallow water, accreted to the subduction complex and brecciated therein, 

and brought to the surface during collision with the Bahamas. The original 

depositional environment may have been an atoll~like seamount in the 

proto-Caribbean Sea, or a shallow southward protrusion of the Bahamas 

carbonate bank. 

Various sedimentary rocks~ Included as well is a variety of finely 

laminated sandstones, limestones, and mudstones, most of which appear to be 

of tu:r.bj.ditic origin" Many show definite soft -sediment deformation, others 

appear as though they ''ruptured" possibly due to instantaneous loss of 

hydrostatic pressure. 

trench filL 

All have depositional characteristics typical of 

In addition to these, both the author (at 31780/218810) and Bourgois et 

al. [1980] have obtained Middle Mioocene ages on some limestone blocks 

within the mud matrix. Bourgois et al. [1980] claim this as evidence for 

Miocene emplacement of the entire melange. However, a case will be made 

later that these inclusions were added to the melange during its Miocene to 

Recent phase of reactivation. 

Argillaceous ~ud matrix~ In variable percentages, a soft mud that is 

usually striated on breakage surfaces (equivalent to slickensides) occurs 
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with all of the above lithologies. 

serpentinite (31580/~l94l0) 0 undcrlyine R0rp~ntinitc (31800/~l9730). and 

surrounding most of the blocks of the melange. It effectively farms a 

matrix to the unit as a whole. Rather than treating the serpentinite and 

volcanics as basement that is overlain by an argillaceous olistostrome. as 

did Nagle [1966]. this author feels that all of the above described 

lithologies are incorporated as variably~sized blocks within the mud 

matrix. 

The Puerto Plata Melange: the ophiolite suite? Most of the above 

constituents. which form sand-sized to greater than 100 meter (and possibly 

km) blocks in the mud matrix, form an association that could be interpreted 

as having originated from the ophiolite suite. The author favors this 

interpretation and suggests that the collection as a whole comprises a 

single unit of subduction-related melange. The various turbiditic 

lithologies. the La Isla limestone, and the Imbert tuffs were probably 

incorporated during the final stages of subduction, prior to final ocean 

closure bet\·Jeen the arc and the Bahamns. 

The Imbert Formation: 

Although blocks and fragments of the Imbert tuffs are included in the 

Puerto Plata Melange, The Imbert Formation overlies the melange, with far 

more structural coherency. in a large area to the north of the town of 

Imbert (Plate 1). Hence, the Imbert is a mappable unit, distinct from the 

melange, and is given Formation status. 

Nagle [1966] defined the Imbert Formation as: a series of tuffaceous 

rocks with minor thin-bedded, fine-grained, turbid limestones and rare green 

radiolarian cherts. The tuffs can be divided into light to dark gray 

calcareous crystal tuffs and white, fine-grained vitric tuffs. Pelagic 
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forams from tv.ro tuffo.ccou3 ~~~~--.l. \H. ... t\.;:"') 
.: - _1...! ~- ,__-
.t!!U-1.t ... CLe a. Pa.leucene· ,Lower Eocene age 9 but 

tbi.s may b~ i:h0. old e)~ part of thP. f OJ_' f!l8. i::i 0 I! only. The fJne g!..'C:i.il sh;e and 

the presence o:l: radiolr.:c.i.2 sugg<;ut deep·~\vater c\epos::l.tiono 

The author extends the definition of the Irnbert Formation to include 

turbiditic beds, or debris flowss of sand and conglomerate that contain 

angular to sub~rounded lithic fragments up to 10 em of foliated 

metamorphicss serpentinites 9 volcanics. and green siliceous fragments. 

These are interbedded with the white tuffs of the Imbert Formation to the 

east of Imbert (31020/218550)s but the best exposure of this facies occurs 

along the new highway at (31250/219000)o This latter exposure has been 

subjected to soft~sediment. deforrnationo The general map pattern suggests 

that these debris beds are in the lower part of the Imbert Formation. 

The Imbert can be interpreted as orogenic trench-fill sediment. The 

presence of serpentinite and metamorphic clasts in the debris flows 

indicates that some portion of the accretionary complex had been uplifted 

prior to the uplift of the Puerto Plata portion. This is suggestive of an 

oblique collision between the arc and the Bahamas. Some of the Imbert was 

incorporated into the Puerto Plata Melanges whereas the Imbert Formation 

sensu stricto (Plate 1) overlies the melange. Hences it appears that the 

Imbert was deposited during the phase of active subduction. but was not 

entirely accretedo The author suggests that deposition of the Imbert 

spanned the period of collision between Hispaniola and the Bahamas. Much of 

the deformation within the Imbert Formation probably results from the uplift 

and emplacement of the trench fill against the Bahamas. 

In the field area. the contact between the Imbert and the overlying 

units is usually littered with blocks of variable lithology and size. 

Serpentinite. contorted limestones sandstones. metamorphics nodules of 

chalcedony (members of the melange) are typical. In some places. the mud 



matrix is present as t•Jell. It l'JOuld seem that durine thP emplacement of the 

subduction complex, mud Map:.i.r.s brokP- throngh the mre:;:'lying tnffs ar<d 

turbidites and localJ.y spread out Rc~oss the~. This is not Gnlike t~e 

ruelange diapirs intruding the Carnb~ia trench slope basin near Cambria. 

California [Becker and Cloos. The resulting surface. after 

emplacement. t·ras exposed to erosion and a profound unconformity atop the 

Imbert Formation and the diapiric areas of the Puerto Plata Melange 

developedo This unconformity is Middle Eocene in age. as indicated by the 

overlying. transgressive Upper Eocene to Upper Oligocene Luperon Formationo 

Nagle [1966] defined the Luperon Formation as a 11 1 km thick repetitious 

sequence of poorly indurated buff and yellow-orange calcareous tuffaceous 

shales 9 bioclastic buff Jimest.nnPR~ e.nd calcareous tuffaceous :;a.ndstOi1t:So 

Generally thick-bedded calcareous sandstones alternate with thin-bedded 

shales and rare limestones. The beds are graded, both on the scale of the 

internal structure of individual beds and on a larger scale of several beds 
\ 

in sequence as seen in any one outcrop. Thick-bedded conglomerates form the 

base of the formation.n which overlies the Imbert Formation with angular 

unconformity a 

The present author follows this definition of the Luperon Formation, 

although the aereal extent of the formation has been extended to include the 

area north of the town of Imbert (Plate 1)o In fact, the stream crossing 

beneath the new highway in this area (30780/218640, and continuations of 

stream) provides the best exposures of the Luperon, and its contacts with 

the Imbert. known to the author. Here, the contact can be identified to 

within 10 meters. and the horizon is composed of blocks up to 2 meters 

comprising a variety of lithologies. This collection of blocks can be 
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regarded as a basal conglomerate of the Luperon 1 but the lareAr hlnrkR a~~ 

prohRbly rAsidual boulderD of the unconformity that we~e not rAworked by the 

waters of the tranRgression. 

Paleontological age determinations reported by Nagle [1966] and by 

Bourgois et alo [1980] indicate a Late Eocene to Late Oligocene age for the 

Luperon. It j_s unknown ho\<J much of the upper part of the formation has been 

removed by erosiono 

The Luperon is generally gently dipping 9 except near the traces of 

faults such as the Camu. Its deposition clearly post~dates the main period 

of emplacement of the Puerto Plata Melange 9 as it is often flat-·lying and 

overlies the Imbert Formation. However 9 at (30830/218640) the mud matrix of 

the Melange overlies gently-dipping sands of the Luperon. As outlined later 9 

this is interpreted as being due to Miocene-Recent remobilization and 

diapirism of the melange unit. 

The Villa Trina Formation~ 

Throughout much of Cordillera Septentrional and the plains and hills 

along the north coast 9 latter Tertiary carbonates overlie the older rockso 

Nagle [1966] did not name these rocks in the field area 9 but recovered 

Miocene ages from the carbonates of Pica Isabel des Torres. Bourgois et al. 

[1980] referred to these carbonates as the Pica Isabel Series. Eberle et 

aL [1980] followed Vaughan et aL [1921] 9 arid referred to the 

Septentrional carbonates as the Villa Trina Formation. The carbonates are 

similar in age and lithology throughout the Septentrional 9 the north coast 9 

and the Puerto Plata area; thus 9 the term Villa Trina is adopted here for 

the Puerto Plata area 9 although the type locality is outside of the field 

areao 

In the Puerto Plata area 9 north of the Camu Fault 9 the Villa Trina 
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carbonates reach ~00 meters in thickness and consist of thr~e fR~iPR. At 

the bottom a basal conglomerate is often encounterPd (33410/?10040 0 for 

example) 9 and the rounded clasts of 3 to 50 em in diemeter include 

fine-~rained 0 very hard 9 dark grey limestone 9 medium grained basic and 

intermediate igneous rocks 9 greenshist~grade rocks of igneous origin 9 and 

second~generation conglomerate cobbleso All of these could have originated 

from the Puerto Plata Melange or possibly the basement of the Cordillera 

Septentrionalo 

Overlying the conglomerates are soft? dirty limestones with varying 

contents of clay. or marlso These form the bulk of the formation in the 

field areao The marls are usually cream colored. and occasionally 

interbedded with 10 to 50 em thick beds of beige to orange bioclastics (such 

as at 32450/218630)o Some of these beds are conglomeratic and contain mafic 

pebbleso Burrows are common 9 and coral fragments occur in some of the 

bioclastic bedso 

At the top of the unit. the limestone becomes cleaner and much hardero 

This hard cap is respo'nsi ble for the way in whtch the occ:IJXrAnces of the 

Villa Trina stand out topographicallyo In the Cordillera Septentrional. 

these caps are usually composed of reefs or reef debriso Atop Fico Isabel 

des Torres. reef debris is present also. but no reefs in situ were seeno 

Bourgois et alo [1980] have dated the Villa Trina of Fico Isabel; they 

report Serravallian at the base and Tortonian at the peak (upper Middle to 

lower Upper Miocene)o Outside the field area at Cabo Frances Viejo to the 

east. the marly facies is of Messinian ageo In the Septentrional. the reefy 

facies which records shallowing is Middle Pliocene. which is presumably the 

time at which the Cordillera Septentrional became emergento It is unclear 

whether or not these younger sediments originally occurred on Pico Isabel 

des Torres and have been erodedo Their absence atop Pico Isabel suggests 
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that the peak had a different history relative to the remainder of the 

Septentrional. Pica Isabel's odd positionD standing alone within the Puerto 

Plata Melange D s;Jggests gravity sU.ding from an unknmm sot:.i~ce [Ne.gleD 

19661. '1'he sliding may have oc:c:Virr.ed any time after. the Tortonian D and Has 

probably related to reactivation of the Puerto Plata Melange. 

Quaternary ~~gim~ents; alluvium 9 ~e~eJ j;erraces 9 ~nd ~!!':!Y~!~:l, fans,~ 

Much of the field area is covered by Quaternary alluvium. In 

particular 9 the mud of the Puerto Plata Melange and the tuffs and turbidites 

of the Imbert Formation are easily eroded 9 and rivers with wide floodplains 

cut into them. The deposits are typically muds 9 sands 9 and gravels 9 the 

gravels being composed mainly of constituents of the Puerto Plata Melange. 

Streams usually dissect the floodplains 'by 2 to 5 meters 9 indicating that 

the area is undergoing recent uplift. 

Around the western 9 eastern 9 and northern fringes of Pica Isabel des 

Torres 9 broad carbonate alluvial fans have developed. Avalanches occur 

quite frequently from the cliff sections of the mountain. 

In coastal areas in the northeast of the. field area and at the mouth of 

Maimon Bay 9 Quaternary reef terraces and beachrock are exposed. 

further evidence of recent uplift in the area. 

Fossil localities and age determinations 

This is 

The following list is keyed to the large circled numbers on the map 

(Plate 1). For each 9 the age and source is identified. 
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1. Lup~ron Fnrmetion: Upper Middle Eocene rn ,., ' l.t'ol.....epeK 0 

per.' so comm o o 1985] " 

~0 La Isl.B Limestone; Late Maestrichtian or Paleocene [Bourgois et al.; 

J. 980] 0 

3o Villa Trina (in Puerto Plata Melange)~ Middle Miocene or later [Eo 

4o Villa Trina Formation; Upper Lower Miocene [P. Cepek. perso commo. 

198S]; Serravallian [Bourgois et al.. 1980. but exact location 

uncertain] o 

So Villa Trina Formation; Upper Lower to Lower Middle Miocene [Po Cepek. 

perso commo. 1985]. 

6. Villa Trina Formation; Upper Lower Miocene; [Po Cepek. pers. comm •• 

1985]; Tortonian [Bourgois et al •• 1980]. 

7o Villa Trina Formation; Upper Lower Miocene [E. Robinson 0 ·pers. commo. 

1984]. 

8. Luperon ? or Villa Trina ? Formation; Upper Middle Oligocene to Lower 

Upper Oligocene [ P. Cepek. pers. com;-n op 1985]. 

9o Luperon ? or Villa Trina ? Formation; Middle Tertiary and bathyal [Eo 

Robinson. pers. comm •• 1984]; Upper Oligocene [P. Cepek. pers. comm •• 

1985] 0 

10o Fault gouge (from Luperon and/or Villa Trina; Upper Eocene and Lower 

Miocene. so Lower Miocene [P. Cepek. perso commo 9 1985]o 

11. Villa Trina Formation; Upper Lower Miocene to Lower Middle Miocene [P. 

Cepek 9 [persocommo 9 1985]" 

12" Luperon ? or Villa Trina ? Formation; Middle Tertiary and bathyal [Eo 

Robinson. perso comm •• 1984]o 

NOTE: Recently. Saunders et al. [1980] have undertaken to refine the 

biostratigraphy of the Neogene of the Dominican Republic" Their work is not 
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yet completed 9 preliminary results -'--t;!!UW 
. ' . 
L.lll:!L all prcviou3 age 

d2Ce~rn1n~tJ.ons, including the Ebove 9 a~e approximately 8 miliion years Coo 

old. This cannot be 9 an~ io not 9 applied as fact to these determinationu, 

although the assigned ages are suspect and. perhaps 9 should be considered as 

age maxiruao 

Structural and tectonic considerations of ~he &eo)~gt~f the Puerto Plata 

Area~ 

Little structural information is available from the field areao 

However 1 the following considerations assist with the interpretation of the 

field area and of the region as a wholeo 

Foliations 

The only rocks possessing ·foliations are within the Puerto Plata 

Melangeo Many of the knockers have well developed cleavages (greenschists 1 

blueschists~ amphibolites) but 9 as knockers~ these provide little insight as 

to the evolution of the actual field areao They do 9 however~ indicate an 

origin with high P/T ratios of up to 20 km depth 9 and hence are integral to 

the interpretation of the Puerto Plata Melange representing a subduction 

complex [Nagle 1 1966]o The mud matrix of the Melange is locally weakly 

foliated 1 with anastomozing cleavage surfaces bearing shearing striations 

(essentially slickensides)o No one outcrop 1 however 9 possesses a consistent 

throughgoing attitide of cleavageo This may be due to the Middle Miocene to 

Recent reactivation of the matrixo 
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Folds 

The fet> measnrB.ble etti tude::; of bedding :i.n. the Imbert &nd. Luperon 

formation do not conform to folding about any preferred axis. Dome and 

basin structure is perhaps more the case 9 and may relate to the presence of 

mud and serpentinite beneath these horizons. It is felt that the Imbert and 

Luperon sediments more or less "ride" on the Puerto Plata Melange 9 and do 

not deform according to regional stress patterns. Deformation within the 

Villa Trina carbonates is brittle 9 and inclined attitudes are mostly due to 

faulting. 

Blocks within the Puerto Plata Melange are often folded with an 

associated cleavage. Soft-sediment folds in a sandy greywacke lithology is 

also common. 

Faults 

Because of the mobile role of the Puerto Plata Melange 9 faults within 

it are difficult to recognize. 

areas they cannot be traced. 

They may be apparent locally 9 but in many 

The Camu Fault is the most prominent fault of the field area 9 and is 

linear for over 40 km. The Camu defines the southern limit of the Puerto 

Plata Melange 9 and the northern limit of the intermediate volcanic basement 

of the Cordillera Septentrional. The majority of blueschist occurrences in 

the Puerto Plata Melange crops out within 1 km of the Camu; the fault may 

have served as a conduit along which the blueschists were emplaced by 

circulation within the melange. The Camu is interpreted as the boundary 

between the Greater Antilles forearc complex and subduction complex. Fault 

gouge and breccias are common along it 9 but no stretching lineations could 
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be seen due to ~t!eathering o No mo.rkers are a.vailablc by \·:hich to mE:asur·=- the 

offset along the C~mno Preoentlyg the Villa Trina of the Sept0ntrio~al is 

topographically highe:r than the coesta.l hillsg but the fact that one can 

Halle south hom Jlielange to PJ.iocene carbonate suggests that the fault 1 s 

motion is doHn on the southo The linearity of the fault and its residence 

in the sinistral North Caribbean PBZ uould suggest that a sinistral 

component exists as wello The dip of the fault is steep? probably to the 

southo 

Another prominent feature is the Maimon Graben 9 a topographic low 

extending southwest from Maimon Bayo Nage [1966] reports fault breccias 

along the west flanko The graben 9 if in fact it is a graben~ is oriented in 

a trend that fits a sinistral shear modelo However 9 the highest elevations 

of the field area flank the southern margin of the "graben 9 " and it is 

possible that an obscure effect of mud diapirism plays a role in the 

observed topographyo 

Finally 9 Pica Isabel des Torres is an isolated occurrence of the Villa 

Trina carbonatARo Its bBsal beds are contorted 9 commonly with shear·lng 

striations a Blocks of the limestone occur in the Matirx of the Melange 

surrounding the Peako It appears as though Pica Isabel slid into its present 

position from an unknown place 9 but the direction of motion could not be 

deducedo 

To summarize 9 east-southeast sinistral compressive faults and the 

chaotic reactivation of the Puerto Plata Melange are the primary causes of 

structural deformation in the field areao Most of the presently witnessed 

topography is probably Late Pliocene or latero 

On larger scale 9 the pre~Upper Eocene paleogeographic relationship 

between Hispaniola and Cuba needs to be addressedo Outlined earlier were 

arguments for an Early to Middle Miocene initiation of strike~slip motion 
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along the Orient.P. FA11lt. Syfltem" UFJine Nrn·i·h AmPrir8/Car-j_bbeaD. slips rates of 

3 to 4 r:m/yr: [M'ar.donEi.J.d a.nd Holr.ombf'!, J.9"18], l{:i.spEmiola ca;1 be retm"r:.ed 

approximately to colinearity with Cuba within this time pe~iod. Eocene 

ruarkers on both Cuba and Hispaniola that can be realigned to measure 

subsequent offset include the arc plutons, the uplifted subduction 

complexes, and possibly the Guantanamo and Cibao forearc basins of the two 

portions of the arc. 

Figure 4.8 shows a iealignment off these features. Total offset is 

predicted to be 400 km, with 300 or 350 km having occurred offshore northern 

Hispaniola in the Bahamas Channel, and the remainder of 50 to 100 km having 

occurred along the various faults that are north of the Cordillera Central 

(Tabera, Septentrional, and Camu). Hence 9 it is concluded that Cuba and 

Hispaniola were part of the same arc complex until the Middle Miocene, at 

which time strike~slip offset amounting to 400 km began to separate the 

two. It is interesting to note that terrestrial fauna of Cuba and 

Hispaniola diverged in the Late Miocene (R. Buskirk, pers. comm., 1983). 

Geological history of the Puerto Plata area~ 

The following account is the author's interpretation of the geologic 

history of the Puerto Plata area. Most of the story is derived from field 

relationships and the paleontologic ages of the various formations, but in 

some instances regional aspects have been incorporated to complete or 

augment the story. 

4.9. 

The area's evolution is schematically shown in Figure 

The critical phase in the evolution of the Puerto Plata area is the 

Early to Middle Eocene. This is when the subduction complex was uplifted 
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Channel; the remainder was shared along the Septent~ional, Cam~ a~d Tabera Fa~:ts. ~~e ~a~era ?a~:~ was act~~e 
in the Oligocene. but motion was probably minor. 
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Figure 4o9o S:i.x· ·stag€! c:<oss· -sectional evolution of the north coast 
subduction complexo Camu Fault defines the boundary between the 
forearc a.nd the subduction complexo Late Cretaceous to Paleocenep 
subduction and development of the Puerto Plata Melangeo Paleocene to 
Early Eocene~ deposition of Imber.t tuffs and debris flows 9 with partial 
accretion into Puerto Plata Melange o La Isla shallow-~water limestone 
may have been derived from the Bahamas or an atoll~like seamount in the 
proto~Caribbeano Early to Middle Eocenep primary period of collision 
eith the Bahamas 9 uplift and erosiono Upper Eocene~Oligocene deposits 
(Luperon and Altamira) transgress the orogeno Early to Middle Miocene 9 

sinistral strike~slip motion begins with uplift and minor folding as 
northern Hispaniola separates from Cubao Puerto Plata Melange is 
reactivated~ and renewed subsidence through the Middle Pliocene allows 
deposition of Villa Trina shallow~water carbonateso Middle Pliocene 
initiation of strike-slip and reverse motion on Septentrional Fault 
separates Cordillera Septentrional from Cibao Valleyp and Neogene 
deposits of the Cibao are over 7 km thicko Present 9 uplift continues 
and the Puerto Plata Melange remains highly mobileo 
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from to above sea levelo The uplift iD interpreted as 

n:nnltiDg f;;:om the coU:i.s:i on of L.he Hlup;:miola.n por·;~ion of the C:ceate:r 

Antilles Arc ~ith the Bahamas carbonate platform. Thereforc 9 the geologic 

history prior to the ~ocene is that of subducU.on. The available 

information allovm the follo\'Jing statements to be made about this subductJ.on 

phase. 

The oldest knmm sediment is the pre·~Aptian micritic limestone cement 

between pillow lavas in the Puerto Plata Melange. This cement may or may not 

have survived submergence below the calcium carbonate compensation depth. 

Whether the basalts originated from the downgoing Atlantic Plate or from the 

overriding forearc of the Caribbean Plate cannot be determined; both sources 

should be of Early Cretaceous age. 

No other Cretaceous fauna have been reported. except for the Upper 

Maestrichtian to Paleocene age of La Isla limestone. which here is believed 

to be Paleocene based on other age determinations suggesting a Tertiary 

age. Thus. little is known of the Cretaceous history. and the field area 
. ~ 

contains no information as to the Lime uf Lhe initiation of south-dipping 

subduction. The only dates on the blueschists come from the Samana 

Peninsula. where Joyce [1983a] reports ages ranging from 50 to 400 Ma. which 

helps but a little. The volume of material in the Puerto Plata Melange that 

has not been dated as Tertiary is very small. This may indicate that 

subduction began relatively late in the Cretaceous. but terrane migration or 

underplating may be responsible for this as well. In Chapter 8 on the 

geological evolution of the Caribbean. a variety of other reasons are 

invoked to suggest a Campanian age for the initiation of subduction along 

the north coast of the Greater Antilles Arc. This age is fully compatible 

with observations made in the field near Puerto Plata. 

In the Paleocene. the shallow~water La Isla limestone and the tuffs and 
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turbidites of the Imbert Formation were deposited. The metarnorphics and 

serpentinites in the Imbert turbidites s~ggest that part of the Greater 

Antill2s subduction complex was exposed by then. The Imbert and La Isla 

facies are discordant (shallow versus deep)u and a mechanism must be 

responsible for their final juxtapositiota. Three alternatives for the La 

Isla seem reasonable: (1) La Isla limestone was deposited on an atoll--like 

rise within the proto-Caribbean basin and was accreted to the Puerto Plata 

accretionary wedge just prior to collisionu (2) La Isla was deposited on 

parts of the subduction complex that were already upliftedu and (3) La Isla 

was deposited on the Bahamas Banks or some portion of the the leading edge 

of the Caribbean Plate and tumbled down into the trench at the onset of the 

collision and was then accreted to the subduction complex with the coeval 

Imbert Formation. Option (2) is least likely because of the intimate 

intermixing of La Isla with the melange 0 but evidence is insufficient to 

choose between options (1) or (3). 

Oblique closure of the trench is suggested by the turbiditic deposition 

of serpentinites and metamorphics in the Imbert Formation. An along~strike 

portion of the subduction complex 0 once uplifted to the surface 0 would 

naturally provide detritus of these sorts to the. as yet. unclosed portions 

of the trench system. In Cuba. collision is accompanied by the propagation 

of sinistral tear~faults across the orogen 0 indicating west~to-east oblique 

closure there (younging to the east). This scenario 0 if extended to 

Hispaniola. suggests that the Oriente Province of Cuba should have been 

uplifted before the Puerto Plata area. and that it may be the source of the 

Imbert lithic clasts. Indeed. both serpentinites and metamorhics occur in 

Oriente Province [Case and Holcombe. 1980]. The author suggests that the 

serpentinite and metamorphics of the deep~water Imbert Formation is evidence 

for a collision '~ith some degree of obliquity. younging to the east. and 
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thnt the npJj ft of the Plata Sled vu~L-ddLe~ the uplift of Oriente 

Uplift of thf) Pue:ci:o Plate?. meJa.nBC cccG:r:ced in the Ea:cly Eoc:ene \;rh:i.Je 

the depooition of tuffs contin~ed on the floor of the rising trench. Mud 

diapirism probabJ.y eccompanied this uplift. By the time the complex became 

subareal 8 mud diapi~s had penetrated the overlying tuffaceous section 1 and 

the mud matrix and its exotic blocks flm·Jed 1 perhaps only locally 1 onto the 

tuffs of the Imbert Formation. The Imbert was deformed heterogenously during 

uplift 1 but the area to the north of the town of Imbert. although 

t-Jest~·dipping and in angular unconformity with the Upper Eocene Luperon, 

retained coherency and thus is mappable as a Formation. 

In the Middle Eocene 1 the entire area was exposed to erosion, and the 

mud matrix was largely removed from above the Imbert. The erosion surface 

consisted of the Imbert Formation 1 the Puerto Plata Melange. and residual 

boulders of the eroded diapirs. This unconformity marks the culmination of 

the arc~Bahamas collision. 

In the Late Eocene, the sea transgressed the eroded surface and the 

Luperon Formation was deposited. The quartz of the Luperon sandstones 

probably originated from the basement of the Cordillera Septentrional or 

even the Cordillera Central. Much of the Luperon. however. originated from 

the ground over which the sea transgressed; the Luperonvs sands are largely 

composed of the older lithologies~ plus calcite. Deposition was in 

primarily shallow water, as evidenced by occasional gypsum beds and the 

fauna of the sandstones. but shalier layers contain fauna of typically 

deeper water. The coeval Altamira Formation of the Septentrional to the 

south is coarser 1 and abundant marine fans of conglomerate [Redmond, 1980] 

indicate deeper water conditions. 

These conditions prevailed until at least the Upper Oligocene. Early 



l(c :Jll!SOC; COhlu.lo o ·· on1.· ) J. .... u .:. 0 ~,_'o the south. the Es~ly Micc~ne 

is rep:ceser..tec\ in the n:ppe:r AJ.i-.cJJ:~~xc:. Fm:·ms.-dou o[ U1c Septe~1.t:d.ono.l a rfhese 

bo:rizo>.1s ccc.tain the vJcll· ·kEmJ:r., Dord.rdcan ambez· depo<ri.t:o a In both tbc nor·U1 

coast and in the Septentrional 0 uplift and folding produced a second 

regional unconformity du:ring the Early or.· ea:ely Middle Ivlioceneo The r,uperon 

and Altamir.a Formations are more deformed than are the Villa Trina 

carbonates 0 the latter of which commonly have a basal conglomeratea Nowhere 

in the Puerto Plata area" ho~rJever 9 vms A, definite angular unconformity 

observed by the authoro 

In addition to the unconformity between the Luperon/Altamira and the 

Villa Trina, there are major sedimentological differences between the twoo 

In particular 9 the source areas for the respective deposits were differento 

The Eocene to Early Miocene deposits are primarily arc-derived 9 probably 

from tht> Corrli lle:v:-e. CeP.trel/Si~rrc ~hrli:-c of Cuba a TiH:! Lupe:con/Altamira 

depocenter flanked the Cordillera 9 and bathymetric gradients must have been 

down to the northeast 9 in the direction of fan and turbidite deposition in 

the Altamira [Redmond 9 1980]. The Villa Trina 9 in contrast 9 has little 

terrigenous input other than clay and a small volume of conglomerates 9 both 

of which were derived from the underlying Luperon and Altamirao Tectonic 

motions associated with the Early to Middle Miocene uplift (early-Middle 

Miocene unconformity) apparently changed the geometry of the depocenter so 

as to prevent continued !terrigenous input to the Septentrional and north 
0 

coast areas from the Cordillera Central. Deposition in the Cibao Valley at 

this time is not entirely clear: the paleobiostratigraphy is presently being 

redefined [Saunders et ala 1 1980]a However 1 it appears that an assemblage of 
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basin pleyed A role in prevet~ti~g terrigenous mele~iel from ~eachicg the 

Septer:.t:d.onal o 

The Barly to Middle Miocene upJ.ift and subsequent change in deposition 

is interpreted to be the result of the in:i.tiation of stike--slip motion 

between Cuba and northern Hispaniola. The uplift is indicative of 

compression which was either related to 9 or relieved by 9 strike--slip motion 

along the Oriente Fault. Hispaniola began to migrate eastwards relative to 

Cuba 9 more or less as a part of the Caribbean Plate; the total offset is 

about 400 km. The Septentrional and north coast regions subsided to neritic 

to upper bathyal depths (10 to 200 meters) during this migration and the 

deposition of the Villa Trina. 

Important during this second phase of plate motion is the 

remobilization of thp Puerto Fleta Mzlc:.nge. The 1101. Lilt:!.ll cuast has 

experienced far more deformation than has the Septentrional. Also 9 the 

present topography is related to this phase. The highest hills and ridges 

are composed of the softest 9 most-easily weathered 9 material in the 

stratigraphic column 9 the Puerto Plata Melange (Plate 1). 

Perhaps the most dramatic effect of this remobilization is the sliding 

of Pica Isabel to its present position. It is clearly an isolated 

occurrence of the Villa Trina" It is suggested that Pica Isabel was detached 

from another area of Villa Trina deposition and translated to its present 

position by gliding acrossp or being carried by 9 the mud matrix of the 

Puerto Plata Melange. Such a translation may be responsible for 

incorporation of Middle Miocene fragments in the mud matrix to the west and 
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( 1A Ma) ('n-I')Onai~a~ ~~ ~~a .. " .... c, o Jco..t.. .C> .\.--;1 ~ c~l. ,.!:.,. oase of Pice isabel ere folded 8nd have rc~ained 

p~imsry bedding; no soft· oediment deformation was seer and it is felt tl:Rt 

sliding occurred after diagenesis 9 probably in the Late Miocene or Pliocene. 

Melange reactivation occurs to the present g as 'lrli tnessed by ever~,present mud 

slideH and rapid break up f o_ the highways crossing the melange. The 

formation of Maimon "Grabenii is related to this phase of deformation as 

\1ellv and has probably occurred in Quaternary times. 

Conclusions~ 

1) Cuba and the northern half of Hispaniola are portions of the same 

Greater Antilles island arc complex. Their histories are the same. 

/.) The Greater Antilles collided with the Bahamas in the Late Paleocene 

to Early Eocene. Collision had terminated by the Late Eocene. 

3) The ophiolites of northern Hispaniola are part of a tectonic 

melange. Mud diapirism from the trench sediments during and just after the 

collisionp and again in the Middle Miocene has occurred. 

4) 400 km of strike~slip dissection of the Cuba~Hispaniolan portion of 

Greater Antilles arc has occurred. 

5) The separation has occurred since the Middle Miocenep with a 

corresponding Middle Miocene unconformity and a subsequent change in 

deposition. 
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VJ:ELD RELATIONS IN THE SOO'J.'H.ERN DOMINICAN REPUBLIC 

In chapter 4p morpho .. tectonlc provinces of Hispaniola were defined and 

outlined. It was shown that southern Hispaniola is composed of several 

generally east··west trending belts possessing different stratigraphies. The 

tectonic style of the northern Caribbean during the Cenozoic suggests that 

the differing terranes were juxtaposed by strike-slip motions with varying 

amounts of a compressional component. Reconnaissance observations were 

conducted by the author at various localities to learn more about the 

apparent strike-slip juxtaposition story. The observations suggest that 

facies discontinuities exist between major shear zonesp forming a "San Juan 

Block" and a "Southern Peninsula Block" of Hispaniola. The San Juan block 

appears to have arrived in juxtaposition with the Cordill~ra ~~ntral in the 

Early Miocenep whereas the Southern Peninsula block appears to have arrived 

in the Late Miocene (10 Ma). Transforms associated with the early Cayman 

Trough are responsible for these motions. 

Faunal ages on collected sampJes: 

Below is a listing of faunal ages and paleoenvironments determined by 

E. Robinson (pers. comm.) for various rock samples collected by the author 

in the southern Dominican Republic. Notes 

The findings have augmented the general 

have been added where pertinent. 

stratigraphic columns for the 

morpho-tectonic domains defined in Figures 4.3 and 4.4p and have helped to 
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define the structural limits of the San Juan and Southern Peninsul~ Blocks. 

The sample numbers are keyed to localities drawn en Figu~2 ~.1. The basemap 

fox· Figure S.l js after the Blescb [l966] geo-i_ogic rn2ps at a scal2 of 

1:250.000. Many more samples were originally submitted. but these could not 

be dated because 

recrystallization. 

of a lack of faunal content or of diagenetic 

Carbonates of Sierra Bahoruco 

1. ?pelagic. 

2. Middle Tertiary, pelagic. 

3. Middle Tertiary. pelagic. 

4. Middle Eocene shelf. or Oligo /Miocene with reworked Eocene 

material. 

5. Middle to Upper Eocene shelf. 

6. Middle Eocene shelf. 

7. Middle to Upper Eocene: bioclaRtic, ?shelf. 

8. Upper Eocene, bioclastic. 

9. ?pelagic. 

10. ?pelagic. 

11. Upper Paleocene, shelf, or bioclastic layer. 

12. Paleocene or Lower Eocene, sparite, ?shelf. 

13. oolitic, ?shelf. 

14. ?pelagic. 

15. ?shelf. 

16. Spicalite, ?bathyal. 

17. Submarine breccia. 

18. Lower Miocene, bioclastic in pelagic. 



Carbonates of Siet7a Ne:l_ ba a11d MacLi11 Ga.n:ia 

19. ?Miocene/Pliocene 1 pelagic. 

20. Middle Miocene to Pliocene. 

21. Miocene/Pliocene 1 pelagic. 

22. Upper Eocene 1 bathyal turbidite. 

23. Paleocene or earliest Eocene. Note: this occurrence is interbedded 

with and baked by lavas. The age defines the age of volcanism in the 

central S. Neiba and may represent the age of the entire volcanic area on 

the Blesch map. 

24. Lower Miocene 1 ?shelf. but turbiditic (may be reworked). 

25. Upper Paleocene/Lower Eocene. pelagic. 

26. Lower Eocene~ pelagic. 

27. Miocene/Pliocene?. 

Comments: 

Sierra Bahoruco appears to have been a shallow carbonate bank during 

the Paleocene to Eocene. Little is known of the Oligocene. and the rare 

occurrence of Oligocene sediments is bothersome and may suggest a 

fundamental problem in the understanding of Oligocene biostratigraphy in the 

northern Caribbean. No evidence of unconformity has been detected between 

the Eocene and Miocene sections. and potentially Oligocene sections are 

micritic. deep-water limestones. The Miocene began with predominantly 

deep-water deposition~ but uplift~ probably controlled by strike-slip 

faulting. was underway by Early Miocene time as indicated by bioclastic 
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layers in sediments of that age. MirlrllP MinrPnP or younger marine sediments 

are restricted to the coastal areas. 

Volcanism apparently occurred locally in Sierra Neiba during the 

Paleocene/Eocene 9 but the cause of the volcanism is unknown. The petrology 

of these lavas is not necessarily indicative of island arc volcanism. The 

lavas may have come up along st:rike·~slip faults. Deep-·~tmter sedimentation 

continued into the Early Miocene 9 but uplift began at this time and 

emergence occurred at least locally by the Late Miocene 9 forming the 

structurally distinct San Juan and Enriquillo Basins that we see today. 

The Paleocene/Eocene section of Sierra Martin Garcia is pelagic like 

the Sierra Neiba 9 in contrast to the Paleocene/Eocene shelf facies of Sierra 

Bahoruco. Hence, Sierra Martin Garcia is viewed as being more closely 

related to Sierra Neiba than to Sierra Bahoruco. The structural boundary 

between the Sierra Neiba and Enriquillo Valley provinces, therefore, trends 

offshore into Bahia de Neiba at Barahona, rather than through the Fonda 

Negro Basin to the north of Martin Garcia, 

Structural development of southern Hispaniola: 

In the north, the Cayman Trough suggests a minimum of 1050 km of 

transcurrent motion; this is well-defined in the Trough itself, whose 

eastern end lies directly south of Sierra Maestra of eastern Cuba, However, 

continuations of composite splays to the east of the Trough must be inferred 

from geologic relationships in and around Hispaniola and Puerto Rico, 

Presently, the Oriente Fault between Cuba and Hispaniola is the active 

transform which connects the Mid~Cayman Spreading Center with the Lesser 

Antilles subduction Zone, although the Oriente splays into the Bahamas 

Channel, Camu, and Septentrional faults in northern Hispaniola. In chapter 



4. it waR Rhown that R total of 400 km of strike··Slip motion has occurred 

sincel the Early Miocene along these composite faults. If 400 km of motion 

have occurred along th~ Oriente Fault system in the north, fault systems 

responsj. ble for the remaining 650 km of the Cayman Trough 1 s indicated offset 

must pass to the south of the arc complex of Hispaniola. Further, as the 

eastern end of Cayman Trough lies to the north of the Southern Peninsula of 

Hispaniola, this motion must pass through the island of Hispaniola itself. 

Southwestern Hispaniola consists of three physiographic highs separated 

by two intervening lows which are Neogene sedimentary basins (Figure 4.3). 

The Late Miocene to Recent history of these terranes is predominantly that 

of north-south compression [Biju-Duval et al., 1983a; Bourgois et al., 

1979a,b]. The northern block (Cordillera Central-Massif du Nord-Massif du 

Nord 1 ouest) has overthrust the San Juan-Plateau Central basin to the south. 

The middle physiographic high (Sierra Neiba~hain des Matheaux~Ile de la 

Gonave) has overthrust the Cul de Sac-Enriquillo Basin. The relationship of 

the Cul de Sac~Enriquillo Basin to the southern high of Sierra Bahoruco and 

Massif de la Selle is poorly known. Little evidence exists in these areas 

for large-scale transcurrent offsets since the Middle Miocene, although 

minor strike-slip faults such as the Plantain Garden~Enriquillo fault [Mann 

et al., 1984] do occur. Hence, large-offset transcurrent motions (totalling 

650 km) that splayed from the Cayman Trough through southwestern Hispaniola 

are probably resticted to the Oligocene through Middle Miocene interval 

(about 3 cm/yr, if motion was continuous). 

If an Oligocene to Middle Miocene strike-slip phase preceded the Late 

Miocene to Recent southward vergent overthrusting phase, then the thrusting 

probably nucleated upon the pre-existing transcurrent fault zones. Thus, 

the southern hanging walls of the overthrusting complexes may preserve 

evidence of the former strike-slip phase, as well as evidence constraining 
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the of thrust initiation. of the 

inter 1!·ening basins !:.ave been ovp;-t:hnwt p theT.'eby ob.scu:.:i1:.g auy reco:cd thsre 

of slrik~·slip deformation. Following this logicg the north2rn San Juan 

Boundary Fault and the northern boundary of Enriquillo·Cul de Sac Basin are 

the likely locations to find evidence for large··scale strike-slip offset. 

Along the south flank of Cordillera Central and Massif du Nord, the Los 

Pozos~San Juan boundary fault zone separates two distinct terranes. To the 

north lie metamorphosed Cretaceous to Paleogene arc-related rocks and 

volcanogenic sands of the Cordillera Central and Massif du Nord, and to the 

south lie Paleogene deep-water micrites, silts and slates which possess 

little arc derived volcanic debris [Michael, 1979; Bowin, 1975]. Only in 

Sierra de Ocoa in the southeast of the San Juan Basin does one find the 

Eocene-Oligocene volcaniclastic and conglomeratic facies expected to have 

been deposited along the length of the arc complex during and following Late 

Paleocene-Eocene orogensis [Biju-Duval et al., 1983a; Bourgois et al., 

1979b; Dolan, in prep., 1985]. Not until the Early Miocene did significant 

amounts of terrigenous sanH enter the San Juan Basin [Michael, 1979]. This 

suggests that the basin had arrived in juxtaposition with the arc terrane by 

that time, although the basin probably continued to migrate along the length 

of the arc unitl the Middle Miocene. On sedimentologic grounds, the facies 

discrepancy across the Los Pozos-San Juan Boundary Fault Zone suggests that 

at least 350 km of transcurrent motion has brought the floor of San Juan 

Basin into its present position from the west, as measured from western 

Sierra Ocoa to the tip of the northwest peninsula of Haiti, which itself was 

a source of volcanogenic sediment in the Paleogene. Structural studies along 

the fault [Michael, 1979] acknowledge the existence of a strike-slip 

component of offset, but the magnitude is unknown. The Late Miocene(?) to 

Recent section along the northern San Juan Basin margin is relatively 



undeformed in comparison to the older sediments deposited hefnre And rl11rine 

the strike· -slip phase o 

Along the southe~n margin of Sierra Neiba 9 evidence for large ·scale 

slrike-·sli p motion has not been r·epori.:ed o HoHeve:c ~ the maximum age for the 

initiation of thrusting is Upper Miocene (Lower Tortonian 9 about 11 Ma; 

Bourgois et alo 9 [J.979a]) 9 as indicated by Eocene rocks thrust onto 

Tortonian rockso To the south of Sierra Neiba 9 the ~ondo Negro Basin. an 

exposed part of Enriquillo Basin. was filled predominantly during Late 

Miocene-~liocene time. in accordance with southward-directed thrusting in 

Sierra Neiba [Cooper. 1983]o The difference between the minimum of 350 km 

offset along the Los Pozos-San Juan fault and the total of 650 km that 

passed through southern Hispaniola may have occurred along Sierra 

Neiba-Chaine des Matheaux-Ile de la Gonave. before it overthrust the 

Enriquillo-Cul de Sac Basin in Late Miocene timeo Before this 

overthrusting. the Plateau Central-8an Juan Basin and the Cul de 

Sac-Enriquillo Basin may have been one and the sameo 

Both the Los Pozos-San Juan Fault and the southward limit of thrusting 

in the Sierra Neiba~Matheaux~Ile de la Gonave thrust belt have logical 

bathymetric continuations into the northeast corner of Cayman Trough [Case 

and Holcombe. 1980]. These probable former transcurrent fault zones are now 

draped with Neogene sediment. attesting to their dormancy and/or evolution 

into thrust zones [E. Rosencrantz. pers.comm •• 1983]. 
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OUTLINE OF PRIHARY CARIBBEAN GEOLOGJ:C FEATUK~S: 

Introductton: 

The principle geographic features and the present plate boundary 

configurationn of the Caribbean region are shown in Figure 6.1. Put simply 9 

the Caribbean Plate is migrating eastward with respect to North and South 

America at about 3~4 cm/yr [Sykes et al. 9 1982]o Subduction occurs at the 

leading (Lesser Antilles Arc) and trailing edge (Middle American Arc) of the 

plate 9 while generally strike-~slip deformation and offsets occur along the 

northern and southern plate boundary zoneso 

This chapter defines a set of Caribbean plate~tectonic elements which 

must be integrated into models outlining the region's evolutiono This is 

done by reviewing Caribbean geology and deducing primary magmatic arcs 9 

ultramafic-mafi~ c:omr l_exes representing uplifted oce<:il1ic crut;t 9 

arc~continent collision zones, the paleogeographic significance of the 

Yucatan Basin, Grenada Basin and the Cayman Trough, and the concept and 

development of northern and southern Caribbean plate boundary zones. These 

features are shown in Figure 6o2. 

Mag!llatic Arcs and Qplifted Occurrences of Oceanic Crust~: Keys !.£_ the Timing_ 

and Polarit! of Subduction in ~ Caribbe~~: 

General significance of arcs: 
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Figure 6o2o General tectonic map of the Caribbean showing features described 
in texto Heavy letters A through H refer to the following arcs: A. 
Greater Antilles~ B. Aves Ridge; C. Lesser Antilles; D. Leeward 
Antilles; E. Costa Rica~Panama; F. Chortis; G. Nicaragua Rise-Jamaica; 
H, Central e.nd Heste:rn Cordillera. Numbers refer to occurrence:J of 
oceanic crust and are keyed to and described in Table 6.1o D146 and 
Dl50-Dl53 are DSDP holes (Leg XV) that reached medial Cretaceous 
basalts of the B" seismic horizon. Traces of transform systems through 
Hispaniola are shown: Los'Pozos~San Juan~North Puerto Rico was active 
Late Eocene or Early Oligocene through Early Miocene; Neiba-Proto 
Muertos Trough~Anegada was active primarily during Miocene; 
Oriente=North Hispaniolan-Puerto Rican Trench active since Middle 
Mioceneo Lara, Suture has been dextrally offset since the Late Miocene 
by transcurrent motions along the Merida Andes. NW trending sinistral 
faults across Panama have allowed escape of blocks from the 
Panama~Western Cordillera collision zone (Atrato Suture). Significance 
of trends of magnetic anomalies in Yucatan [Hall and Yeung. 1980] and 
Grenada Basins (Westbrook. pers. comm) shown in Figures 6.4 and 6.5. 
respectively. MCSC. Mid-Cayman Spreading Center. with flanking 
structural trends. Oceanic portion of Cayman Trough bounded by first 
normal fault symbol at each end. 
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Subduction-related igneous rocks in th~ r.ArihhP.An (generally Jurassic 

to Recent intermediate magmatic rocks) can be grouped into eight primary 

magmRtic arcs (Figure 6o?.)c The eight arcs have different histories and can 

be defined by comparing the record of subduction··related magmatism, 

volcanogenic sedimentation, and the evidence for arc polarity at various 
0 

times for various Caribbean geomorphologic provinceso Some of these arc 

terranes have been dissected by transcurrent plate motions during and 

following their formation and, therefore, no longer possess their original 

arc geometryo The terms "Andean" and 11intra-oceanic 11 are used here to refer 

to subduction~related magmatic arcs which have developed upon pre-existing 

continental and oceanic crust, respectivelyo 

Some of the intra-oceanic arcs, such as the Greater and the Leeward 

Antilles arcs, contain mafic metamorphic rocks that are older than all 

plutonic rocks of the respective arcso It is unclear whether these rocks 

are ophiolitic basement or whether they represent primitive arc materialo 

This is a critical question when attempted to determine the period of active 

subduction at each arc, becasue the crystallization age of ophiolitic 

basement has little to do with the period of active subductiono In this 

study, only those magmas and volcanics that are truly intermediate or 

calc-alkaline are assumed to be indicative of subduction, and the older 

metamorphic mafics are regarded as basemento Concerning the polarity of 

arcs, the direction from the arc plutons to the forearc and accretionary 

prism is referred to as the "facing" direction (eogo an east-facing arc 

overlies a west-dipping Benioff Zone)o 

The subduction-related igneous activity (plutons, lavas, tuffs) of 

seven of the eight arcs through time is summarized in Figure 6o3; the eighth 

arc of northwest South America has been operative since the Jurassic, but 

the volcanic axis has shifted intermittently from area to area (see later 
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Figure 6o3o Time~space compilation chart of subduction-related igneous 
activity (tuffsp intermediate plutonsp and lava flows) for each arc 
(designated in Figure 6o2) \flthin the Caribbean region. The inclined 
collision symbol for the Greater Antilles indicates slightly oblique 
collision o Soprr,es IJSed, hy arT.~ as follo~·!Su Greater Antilles: Bmvin 
[1975]; Cheilletz et alo [1978]; Cox et alo [1977]; Feigenson [1978]; 
Kesler [1971]; Kesler and Sutter [1979)]; Kesler et alo [1977]; 
Khudoley and Meyerhoff [1971]; Laverov [1967]; Meyerhoff et alo 
[1969]; Pardo [197S]o Aves Ridge and Saba Bank: Andrieff et alo 
[1979]; Bouysse et alo [1981]; Fox and Heezen [1975]; Fox et alo 

· [1971]; Nemec [1980]; Santamaria and Schubert [1974]o Lesser Antilles: 
Briden et al o [ 1979]; Nagle et al o [ 1976]; Tomblin [ 1975] o 
Panama=Costa Rica: Bandy and Casey [1973]; Bellon and Tournon [1978]; 
Escalante [1966]; Fisher and Pessagno [1965]; Guidice [1979]; 
Henningsen [1965]; Restrepo and Touissant [1977]; Terry [1956]; Weyl 
[1980]o Venezuelan Antilles: Maresch [1974]; Santamaria and Schubert 
[1974]o Chortis: Clemons and Long [1971]; Horne et alo [1974; 1976]; 
Levy [1970]; Mills et alo [1967]; Mills and Hugh [1974]; Paz Rivera 
[1964]; Piniero and Romero [1962]; Weyl [1980]; Wilson [1974]; Zoppis 
Bracci [1960]o Jamaica~Nicaragua Rise: Arden [1975]; Kashfi [1983]; 
Lewis et alo [1973]; Meyerhoff and Kreig [1977]. 
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section) and cannot be shown as a single arc in Figure 6.3. Most radiometri~ 

dates on plutons are K··Ar dates, which generAlJ.y indi~Rte uplift rAther than 

emplacement; nevertheless, K··Ar dates on plutons are indicative of arc 

activity. Furthermore, general correlation exists between stratigraphic and 

radiometric ages for arcs where data from both methods are available. The 

period over which each arc in Figure 6.3 was volcanically or magmatically 

active correlates approximately with ~he period of active subduction. When 

deriving paleogeographic reconstructions, however. it should be noted that 

subduction may precede initial magmatism. and volcanogenic sedimentation, by 

perhaps 2 to 8 million years, depending on the subduction rate. 

General significance of occurrences of oceanic crust: 

Ultramafic-mafic complexes are another primary source of information 

for plate~tectonic syntheses; they often represent ophiolites that are 

preserved pieces of oceanic crust which may indicate the former existence of 

now vanished oceans [Burke et al., 1977]. Ultramafic-mafic complexes that 

are representative of oceanic crust occur throughout the Caribbean [Burke et 

al., 1984; Case, 1980; Wadge et al., 1982]. 

Oceanic rocks of the ophiolite suite usually are formed below sea level 

and are brought to the surface primarily in compressive regimes. They occur 

on land generally in three tectonic settings; 1) in uplifted accretionary 

complexes as clipped off seamounts or fragments of the former downgoing 

plate, 2) as diapirs or sheets in flower structures within strike-slip zones 

where oceanic crust forms the basement, and 3) in belts separating pairs of 

arcs or continents, occurring as slabs, blocks and slivers abducted onto the 

subducting plate during collisions. The abducted complexes may be bits of 

accretionary prisms which had developed prior to collision, or may be 



preserved pieces of ophiolitic forear~R of nvPrrirlin8 plates. or both. All 

three tectonie settings occ.n:r tn. t.he Ca.:d.bbean reg:i_ono For· the pm:-pcscs a.t 

hand. the important aspects of occ11~rences of ocean crust sround the 

Caribbean (Figure 6.2) a~e Ll:e age of formation (ophiolite generation). and 

the timing of emplacement into their present tectonic settjngs. 

The age of formation (magmatic crystallization) of ophiolites can be 

determined by radiometric dating, and by faunal dating of the earliest 

pelagic sediments of the ophiolite suite. In accretionary complexes. the 

formation age of ultramafic~mafic rocks indicates the age or age~·range of 

the crust which has been subducted at that margin. Uplifted rocks within 

compressional strike·~slip systems may include ultramafics whose age may be 

indicative of ophiolitic basement. Finally. formation ages of 

ultramafic-mafics in collision zones may relate to either of two original 

tectonic settings; either indicating the age or age-range of pieces clipped 

from the subducting plate prior to collision, or indicating the age of the 

forearc of the overriding plate. 

The emplacement age of mafic and ultrR-mRft~ ~omplexes can define the 

time of development of one or more of the three tectonic settings where 

ultramafics are found. In all three settings, emplacement age, which is 

always younger than formation age, can be constrained between the youngest 

age of sediments overthrust by the ultramafic body (maximum age of 

emplacement), and the age of the first post-orogenic sediments to onlap the 

ultramafic body unconformably (minimum age of emplacement). Care must be 

taken that the development of forearc successor basins during subduction are 

not interpreted as post-orogenic sedimentation. 

These simple relationships, however, often become more complex. For 

example, development of accretionary complexes is time-progressive and often 

long~lived relative to collision or formation of flower structures. Hence, 
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a rangP of Rmpl8rPmPnt 8g~s may arise during accretion. In collision zoncc 

accretionary p:d,:;m~ ha.c1 for.mcd, i:wo agG~ of 

emplacement may be recog~i~ed: one d~ring the s~bd~ction stage, and a seco~d 

during the collision, In northe:r.n Cuba, for example, commonly quoted 

emplacement ages of Late Cretaceous and Eocene probably represent subduction 

accretion and collision. respectively. Finally, if an accretionary terrane 

which has been abducted during collision is then subjected to transform 

motion, such as along the north coast of Hispaniola. yet a third period of 

structural emplacement may be recognizable. 

The various structural setting(s) and potential complexities of belts 

containing bits of oceanic crust must be established in order to determine 

the true significance of the ophiolite in question. Figure 6.2 identifies 

mafic-ultramafic occurrences around the Caribbean. For each. Table 6.1 

outlines the age of formation and the age(s) of emplacement, and the 

probable tectonic setting that it represents (tectonic significance). and 

the mode(s) of emplacement. 

Arc systems of the Caribbean: 

Greater Antilles Arc: This arc consists of central and eastern Cuba 

[Pardo, 1975], the Cayman Ridge [Perfit and Heezen. 1978], Cordilleras 

Central [Bowin. 1966; 1975] and Oriental [Hernandez. 1980] of Hispaniola, 

Puerto Rico [Donnelly and Rogers, 1980] and the Virgin Islands [Donnelly, 

1966; Donnelly and Rogers, 1980]. Intra-arc spreading in Yucatan Basin 

separated Cuba from Cayman Ridge [Gealey, 1980], and motion upon splays of 

the Cayman Transform System have dissected the once continuous arc into its 

present configuration [Pindell and Dewey, 1982]. Basement in Sierra 

Guaniguanico of western Cuba, west of the Pinar Fault, appears to be 



TAJ.ILt: 6. 1: OCCURRENCES UF SI·:AFLOUR CRUST !N TilE CARiBBEAN 

Name/location (keyed 
to Figu~e 6.2), and 
tectonic significance 

J .• Centr<Ll. Cube. 
A or C 

2. Las Villas, 
Cameguey, Cuba. 

A ot· C 

3. Holguin, Cuba. 
A or C 

4. Nipe-Purial, 
Cuba. A or C 

5. Northern 
Hispaniola. A or C 

6. Central Hispaniola. 
B or C 

Forn2.tion age 

Pre·· Albian 

PrenApt1.an 

Pre· Aptian 

unknown 

Pre .. Aptian 

Early Cretaceous 

7. Southern Turonian or 
Hisraniola. B and C Campanian 

8 .. Bermeja, Puerto 
Rico. C 

9. La Desirade, C, 
see note 1. 

10. Villa de Cura 
-~-

11. \~estern Cord., 
Colombia. C see 
note 2. 

12. Eastern Panama, 
B 

13. Nicoya, Santa 
Elena. C 

14. Santa Cruz, 
Guatemala. A 

15. Pacific margin, 
DSDP Leg 84 •. C 

16. Blue Mountains, 
Jamaica. C 

Tithonian 

Late Jurassic­
Early Cretaceous 

Hauterivian-

Pre-Cenomanian 

Campanian 

Late Jurassic­
Late Cretaceous 

Late Valanginian­
Early Cenomanian 

Pre-Cenomanian 

Campanian? 

Ag•' and mode of. 
cw.pL:lC{~tii3l1 t 

Paleoce,te to 
Mid-Eocene. E 

EaJ:'ly or.: MJ.d., 
Eocene. E 

Hid-Eocene. E 

Maestrichtian­
Paleocene. E? 

Paleocene-Hid 
Eocene, E. Post~ 

Hid ~iiocene, F. 

Albian?, D. Oli­
go-Miocene, F 

Selected refarences 

Hadge 01. aL 19 Bl,; GeaJ.ey 1980; 
Mossakovskiy and A1bear 1978; Soto 1978. 

!Jadge et al. 1981,; Thayer. and Guild 194 7; 
Mossakovskiy and A1bear 1978; Pardo J.975; 
Flint et al. 1948; Meyerhoff and Hatten 1968. 

Koza;:y 1968; Knipper and Cabrera 1974; Wadge 
et al. 1984; Brezsnyansky and Korpas 1973. 

Boiteau and Hichar.d 1976; Cobiella ec al. 19 7 7; 
Cobiella 1978; Lweis and Straczek 1955; Wadge 
et a!. 1984; Boiteau et al. 1972. 

This study; Bourgois et al. 1980; Bowin and 
Na8le 1980; Eberle et al. 1980; Hadge et al. 
1984; Nagle 1966. · 

Bouin 1960; Palmsr 1963; Haldemann et al. 1980; 
Draper and Lewis 1983; Theyer 1983. 

Pre-Paleocene, D, Maurrasse et al. 1979; Mercier de Lepiney et 
and Neogene, F al. 1979; Pindell eta!. 1981. 

Pre-Turonian, ·D. 

Pre-Eocene, D 

Paleocene­
:iioc.t:nt9 ;::: 

Campanian to 
Maestrichtian, D 

Neogene E 

Campanian to 
Paleogene, D 

Mattson, 1973; Mattson and Pessagno 1979. 

Mattinson et al. 1980; 1973; Briden et al. 
1979; Fink 1970. 

Gealey 1980; Maresch 1974; Stephan et al. 1980; 
-a~~k 1977; ~antamar~a and ~chuoert 1~14. 

Barrera 1979; Shagam 1975; Irving 1975; Hender­
son 1979; Bourgois et al. 1982; Moody 1980. 

Case et al. 1971; Bandy and Casey 1973; Bandy 
1970; Bourgoie et al. 1982. 

Bourgois et al. 1982; Azema and Tournon 1980; 
de Boer 1979; Galli-Olivier 1979; Lundberg 1983; 
Gursky et al. 1983; Schmidt-Effing, 1979. 

Campanian-Maestr~ Williams 1975; Rosenfeld 1981; Bertrand et al. 
ichtian, E. Ceno- 1978. 
zoic, F. 

Paleocene. D Auboin et al. 1982. 

Maestrichtian to Wadge et al. 1984; Wadge et al. 1982. 
Paleocene?. D 

A Basement of forearc of associated intra-oceanic arc. 
B Basement of arc or local terrane. 
C In. accretionary terrane, clipped from downgoing plate at associated trench. 
D Accreted to subduction complex by obduction. 
E Arc/continent collision and forearc/accretionary prism obduction. 
F Flower structure or diapir in compressional strike-slip domain. 
Note 1. Possibly basement of Lesser Antilles, initially accreted to Aves Ridge Arc. 
Note 2. Cenozoic arc has developed upon the ophiolitic basement subsequent to its obduction/accretion. 



continental and is probably the (pAr)Rutochthonous mass with which 

intra-oceanic arc collided in the Paleocene-Eocene (ses ~haptcrn 3 and O)o 

In Cuba and HispaniolaD subductiOfr·related magmatism began in the Early 

Cretaceous, increased during the Late Cretaceous, and ceased in the Middle 

Eoceneo In Puerto Rico and the Virgin Islands, magmatism started in the 

latest Early Cretaceous or early Late Cretaceous and persisted into the Late 

Eocene (Puerto Rico) and Oligocene (Virgin Islands), However, the young 

magmatism in the Virgin Islands may relate to subduction beneath the younger 

Lesser Antilles arc (Figures 6o2, 6o3), rather than to subduction beneath 

the Greater Antilles arco The foundation on which the Greater Antilles arc 

was built seems to have been oceanic crust; the metamorphosed mafic Duarte 

Formation of Hispaniola [Bowin, 1975] and the Domingo Belt of Cuba [Pardo, 

1975] are probable examples of such basemento 

The early polarity of the arc is unknown; the ultra-mafic bearing 

Bermeja Complex of Puerto Rico may be oceanic crust accreted to the south 

side prior to the Campanian [Mattson, 1973; Mattson and Pessagno, 1979], 

suggesting initially south-facing polarity. Afte~ the Santonian or 

Campanian, the arc was definitely north~facing, as indicated by the Late 

Cretaceous to Eocene ultramafic-bearing subduction complexes along the north 

side of the arc [Case et alo, 1984], which overthrust the early Paleogene 

shelf carbonates of the Bahamas [Pardo, 1975; Wadge et al,, 1982], 

The Aves Ridge Arc: Included with the Aves Ridge are Saba Bank to the 

north and, probably, La Blanquilla and Los Hermanos to the south (Figure 

6,2)o Dredging of this largely submarine ridge has produced granodioritic 

rocks indicative of arc magmatism [Fox and Heezen, 1975], Gravimetric and 

seismic studies [Kearey, 1974] suggest that the crustal structure of Aves 

ridge is similar to that of an island arco 

Radiometric· age determinations on the dredged samples (Figure 6o3) 



yield Late Cretaceous through Early Eocene dates; Eocene to Recent. shallat·J» 

and deep~·t,rate:r limestones form the bulk of thP. known sediment. Nothinp, is 

known of a pre-Late Cretaceo~s a~c· ~elated history; it appears as thcugh 

oubdEction occurred only d11ring the Late Cretaceous to Paleocene or Eocene. 

The slight eastward convexity of the ridge's geomorphology, and of the 

magnetic expression of pJ.utons of Aves Ridge [Speed and ~.Jestbrook, et aL, 

1984], are the only indicators of arc polarity; it was probably east-facing. 

forming an arcuate continuation of the Greater Antilles arc during Late 

Cretaceous·~ocene time. No crustal break between the ridge and the 

Venezuelan Basin to the west is indicated. The Aves Ridge is probably a 

continuation of the crust of the Venezuelan Basin that has been intruded 

with plutons. 

The Lesser Antilles Arc~ This arc comprises Anguilla to Grenada 

(including Saba Island and the Limestone Caribbees -- St. Eustace. etc.). 

'rhe ndge upon which the arc is built extends to Los Testigos and Margarita, 

but those islands are far removed from the belt of modern Lesser Antillean 

volcanism. 

The beginning of magmatism in the present Lesser Antilles arc is 

difficult to date. At least in the north. the arc has been built upon older 

volcanic rocks which may have been associated with the pre-Eocene Aves Ridge 

arc. Early Paleogene intra-arc spreading have have dissected the Aves Ridge 

arc complex and created Grenada Basin; the Lesser Antilles frontal arc thus 

may be underlain in places by older arc-related rocks. Subduction-related 

arc magmatism has been continuous in the northern Lesser Antilles Arc since 

the Eocene, whereas in the south it may have started only in the Oligocene 

[Briden et al •• 1979]. However. older plutons in the south may be buried. 

The northern third of the arc is broader than the rest; east-west? 

crustal extension during the Paleogene widened the Aves Ridge foundation in 
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the north [Nemec, 19BDL b8ckarc spre2.ding J_n Crcnndn 

(discussed late:c) h2.s lP.ft a l:Jel.l.,defined l:rough cf p~C'Psumably ocea.D:Lc 

basemen\: in the south. Also, the axis of magmatism moved some 50 km to the 

\1eot (Saba lsland~Moutserrat island t:cend) in the latest M.iocene [Briden et 

al., 1979]. The polarity of the Lesser Antilles arc is and al~ays has been 

east··facing; Barbados is a subaerially exposed portion of the Lesser 

Antilles accretionary ridge, ~hich has been forming at least since the 

Eocene. Basic rocks of La Desirade appear to be a piece of oceanic crust 

~ith isotopic ages of 149 to 85 Ma and Late Jurassic fauna [Mattinson et 

al., 1980; Briden et al., 1979; Bouysse et al., 1983], either accreted to 

the Lesser Antilles or uplifted from the forearc. Hence, these rocks are 

not included in Figure 6.3. 

The Leeward Antilles Arc~ The islands of Los Monjes, Aruba, Curacao, 

Bonaire, Aves, Los Roques and Orchila are high-standing parts of an 

east-west offshore ridge that is cross~cut by northwest trending extensional 

grabens [Silver et al., 1975; Case, 1974a; Biju-Duval et al., 1983b]. 

Pre-Middle Eocene rocks consist of metamo~phosed mafic and intcrmediRte 

igneous rocks suggestive of an island arc [Maresch, 1974; Beets et al., 

1984] 0 

Radiometric age de'terminations on intermediate~composition plutons 

range from 85 to 64 Ma (Figure 6.3), but the plutons apparently intrude a 

basement of Early Cretaceous mafic rocks with K-Ar dates of 135 to 115 Ma 

[Gonzalez et al .• 1981; Santamaria and Schubert, 1974]. Both igneous series 

have been related to island arc volcanism [Maresch, 1974], but the age and 

petrological differences between the plutons and the older mafic rocks 

suggest that a Late Cretaceous arc developed upon pre-existing Early 

Cretaceous oceanic crust [Pindell and Dewey. 1982]. This suggestion is 

further supported by sedimentological studies; the oldest known deposits are 
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The crjgfn and pola~ity of this arc are not clear; ac important 

considel.'B-tion ~1.8 t1hether or not the Villa de Cura ultramafic·· and 

blueschist-bearing klippe of the Lara Nappes [Stephan ct al. 9 1980] in 

northern Venezuela is part of the forearc of the Leeward Antilles arc 9 as 

several authors have proposed [Maresch, 1974; Gealey 9 1980; White and Burke, 

1980]. The Lara Nappes were emplaced into a Paleogene flysch trough 

[Maresch, 1974]. This emplacement age immediately follows the magmatic 

termination and uplift of the arc; therefore, this history fits temporally 

and geometrically with the scenario of a south-facing arc colliding with 

continental crust of South America. 

However, this is not the only possibility. Paleogeographic 

reconstructions retracting post-Middle Miocene fault-zone offsets within 

northern South America (see Chapter 7) restore the offshore islands to the 

west of, and nearly along strike of, the Lara Nappes, prior to the Late 

Mj ocfme o Th:i_s br:i.ngs into question the npparznt arc· -forearc relatiousldjJ. 

and also whether the islands were adjacent to northern South America as 

early as the Eocene. One alternative possibility is that the blocks 

comprising the islands were progressively clipped off the southern end of 

the Aves Ridge magmatic arc and concomitantly accreted to the Venezuelan 

margin during the Eocene to Miocene, as the Caribbean Plate migrated along 

northern South America by more than 1000 km (see section on Cayman Trough). 

If so, the supposed Paleogene compression that caused obduction of the Lara 

Nappes need not have been of sufficient magnitude to have produced the 

subduction-related magmatism of the offshore islands. In this case. the 

polarity of the arc is that of the Aves Ridge, or east-facing (prior to 

obduction and probable block rotation). 
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A second alternative. which is preferrerl hPrP to the others and 

discussed further in the section on ~ollision zones. is that both th8 

Leeward Antilles :islands (an) an.d the La.ra Nappes (forearc) 

progressively abducted Oi1l0 Llle Venezuelan margin throughout the 

Eocene-Miocene interval. as a result of the progressive eastward migration 

of the Caribbean Plate. This emplacement led to the reconstructed pre-Late 

Miocene configuration of arc~ forearc and continent presented in chapter 7). 

In this case also. arc polarity is east- or southeast-facing prior to 

obduction and rotation. and the arc/forearc complex is derived from crust of 

the Caribbean Plate~ rather than of the Atlantic Ocean. 

The Costa Rica-Panama Arc~ This intra-oceanic arc includes the Central 

American Isthmus from northern Costa Rica (Santa Elena Peninsula) to the 

western border of the Western Cordillera of Colombia 9 and forms the trailing 

edge of the Caribbean Plate. The arc was built on Upper Jurassic(?) to Lower 

Cretaceous oceanic crust since the Late Cretaceous; tuffs. shallow-water 

limestones. and volcanogenic sandstones in Costa Rica suggest initiation of 

subduction and associated uplift sometime during the CampaniAn [~undberg. 

1983; Galli~Olivier. 1979; Schmidt~Effing. 1979] 0 The arc's oldest 

subduction-related plutons. in the Azuero Peninsula. have yielded 

radiometric ages of 69 Ma [Kesler et al. 9 1977]. Paleogene. shallow~water 

sediments are commmon from central Panama to southeast Costa Rica. 

indicating a well-developed arc foundation by that time 9 but in eastern 

Panama deep-water sediments were deposited upon oceanic crust into the 

Neogene [Bandy and Casey. 1973]. Accordingly. the eastern end of the arc is 

less well developed than the rest. 

To the northwest of Azuero Peninsula. the arc has been west-facing 

since its inception; forearc development on the western margin (Nicoya 

Complex) occurred in the Late Cretaceous [Lundberg. 1983; Galli-Olivier. 
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northward convexity is the res~lt of sinistral displacements on sevcr2l 

thro~ghgoing northwest trending faults crossing Panama [Case and Holcombe. 

1980]. Seismic sections across the Panmanian foldbelt shew that the arc is 

overriding the southwestern Colombian Basin [Lu and McMillen 9 1983]. This 

deformation presumably is due to east~west compression from collision 

between eastern Panama and Colombia. 

At present 9 and probably since the Eocene, the Costa Rica-Panama 

magmatic arc is aligned with the subduction~related magmatic arc of the 

Chortis block. These two arcs together comprise the Middle American arc 

system. 

The Chortis Arc of Nuclear Central America: This "Andean" arc was built 

upon pre-Mesozoic continental crust and includes southern Guatemala (south 

of Motagua Fault Zone). Honduras. part of northern Nicaragua. and extends 

out the Nicaragua Rise an uncertain distance 9 probably to about the San 

Andree.s Trough (Figure 6.2; Christopff2rson 1 [1983]; Case and Holcombe, 

[1980]). The Chortis arc pre-dates. and is geographically distinct from 9 the 

Eocene to Recent Middle American arc which extends through western Chortis 

and Costa Rica to Panama. 

Radiometrically determined ages and volcanogenic sedimentation suggest 

that subduction-related magmatism had begun by the Late Jurassic (Figure 

6.3). Most plutons yield Cretaceous and Paleocene ages 9 and arc magmatism 

apparently ceased in all but the western portion of the arc in the Late 

Paleocene. The Mesozoic and Paleocene plutons of the Chortis arc form a 

poorly defined but generally east-west trending ovoid with no apparent age 

progression. 

The Cenozoic Middle American magmatic arc is superposed upon the 



western part of the Chortis arc. and it appears as though the Middle 

American arc developed after a southward shift in volcanism from the Chortis 

Arc during the Early Eoceneo The Costa Rica--Panama Arc has formed the 

southern half of the Central American Arc with no apparent major post-~ocene 

structural offseto Therefore. the Chortis and Costa Rica~Panama arcs 

apparently merged tectonically during the Paleogeneo The boundary between 

the two arcs may be through the ultramafics of the Santa Elena Peninsula 

(strike-slip suture?). which aligns to the east with the Hess Escarpment. a 

long. linear zone of crustal dislocationo 

Polarity of the Chortis Arc is uncertaino One problem is the amount of 

post-Eocene offset assumed across the Motagua-Cayman transform fault system 

(estimates range from tens to 1400 km); polarity indicators such as 

ophiolitic forearcs and accretionary wedges may be allochthonous or 

missingo Suggested offsets of 200 to 850 km (eogo. White and Burke. [1980]) 

would juxtapose portions of the Chortis arc with possible forearc remnants 

that were thrust onto the southern Yucatan shelf of Guatemala (Santa Cruz 

ophiolite and other ultra-mafic bodies [Rosenfeld. 1980; Case and Holcombe 9 

1980]o Such a relationship suggests north-facing polarity for the Chortis 

Arc (south-dipping subduction beneath Chortis)o Greater and. in our opinion. 

more realistic estimates of Cayman offset since the Eocene (1100 km 9 Wadge 

and Burke. [1983]) place the ~rc west of the Santa Cruz and ·related abducted 

ophiolites and into the realm of the Mexican Cordillerao In this case. it is 

likely that the arc was always southwest-facing (eogo. Pindell and Dewey 

[1982]; Wadge and Burke [1983]; Duncan and Hargraves [1984])o 

Nicaraguan Rise-Jamaica Arc: This arc includes Jamaica and the shallow 

banks and intervening deeps of the eastern Nicaraguan Rise. and is bounded 

on the north by the Cayman Trougho A morphologic boundary to the south is 

poorly defined (Pedro Bank Fault?). as bathymetry grades erratically towards 



165 

tl1e Hess Escarpment along the Colombian Basin. The arc presently is Alien~rl 

with the Chortis a:rc, but earlier relationships are unknmm. The arc is 

probably intrar·oceanic; in the Nicaraguan Rise, seismic velocities are 

typical of oceanic crust, and pre~Cretaceous continental crust is apparently 

absent there and in Jamaica [Arden, 1975; Perfit and Heezen, 1978]. 

Hence, a boundary may exist between this intra·~oceanic arc and the 

Chortis arc (founded on continental crust). This boundary probably occurs 

at the faulted area bounding the edge of the Nicaraguan Shelf (about 

latitude 81.5 West, including the San Andreas Trough; Christofferson [1983]; 

Case and Holcombe [1980]). The boundary may be tectonic (a zone of plate 

juxtaposition), or may represent only a difference in basement of a single 

arc: continental in the west, oceanic in the east. 

Basement in this arc is largely obscured, but volcanogenic 

sedimentation in Jamaica indicates that arc activity was underway by the 

Early Cretaceous. On the Nicaraguan Rise east of 81.5 W, the oldest 

arc~related igneous rocks (recovered from drilling) are Paleocene or latest 

Cretaceous [Arden, 1975]. Radiometric dating and stratigraphic studies 

indicate that magmatism continued locally (e.g., Wagwater Trough, Jamaica) 

until the Eocene [Kashfi, 1983; Chubb and Burke, 1963; Meyerhoff and Kreig, 

1977], but this magmatism may be due to rifting [Mann and Burke, 1984a] 

rather than to subduction. The Nicaraguan Rise has no known pre-Paleocene 

volcanic or sedimentary history, but the broad development of the Rise and 

its apparent continuity between Jamaica and Chortis suggest that it too 

comprises arc-related rocks which probably date back to 

Cretaceous. 

the Early 

The polarity of the Nicaraguan Rise-Jamaica arc is uncertain; no 

obvious forearc or accretionary prism exists, although this may lie offshore 

south of Pedro Bank. Perfit and Heezen [1978] viewed the Cayman Trough as a 
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for· mer. trench o but the Cayman 

post·~Eocene pull· ·apart basin t•Jh:ir.h has nothing to do tJitl~. i.D.dir:ati.m!.s u:l cu. c. 

polarity. Blueschists of the Blue Mounta~n Jnlie~ of easlern Jamaica forrued 

at a fo~me~ trench environment 0 and these lie to the south of 9 but adjacent 

to 9 the Jamaican arc volcanics. This relationship may be taken to suggest 

south·-·facing pola:d.ty for Jamaica [Draper o in pr.·ess o 198.); Burke et aL 9 

1978]. However~ the faulting which led to the juxtaposition of the 

blueschists and the arc volcanics is probably pre-~Eocene 9 as the Tertiary 

Yellow Limestone is far less deformed than the older rocks. This suggests 

the possibility of pre~Eocene tectonic transport 9 possibly on a large scale 9 

of fault-bounded blocks and terranes 9 which could have obscured the original 

relationships of tectonic environments to the point where they may now be 

misleading. 

If a forearc or prism lies to the south of the island it must be 

located south of Pedro Bank as well 9 where arc plutons have been drilled 

[Meyerhoff and Kreig 9 1977]. If the arc was north~facing 9 its forearc and 

prism 9 which are absent 9 must have been removed by strike Glip faulting 

associated with opening of the Cayman Trough. Estimates of offset along the 

Cayman Trough of 1000 to 1300 km [Wadge and Burke 9 1983; Pindell and Dewey 9 

1982] would align the Nicaraguan Rise-Jamaica Arc directly with the Santa 

Cruz ophiolite and related ultra-mafics of central ~uatemala. Several of 

these ultra-mafic bodies have been dissected and structurally reactivated by 

Cenozoic shear along the Polochic and Motagua fault systems 9 but the Santa 

Cruz has remained relatively intact and was. thrust northwards onto the 

southern Yucatan continental shelf in the !Late Carnpanian-Maestichtian 

[Rosenfeld 9 1980; 1981; Williams 9 1975]. Hence, Pindell and Dewey (1982) 

considered these remnants of ophiolites as the original forearc of the 

Nicaraguan Rise-Jamaica Arc 9 rather than of the Chortis Arc. 
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Xn this work 9 however 9 it is ackno~ledged that sini8tral shear probably 

was important for· the Maestr:i.c:hd.an-.Eocene inter"vaJ. 8.8 \·Je]_l a~ fo:r: thz 

post· Eocece. and that the total offAet may be even greater than 1300 km 

sini::P. the 111aest:z-ic.htian collision. 'i.'hus • Llle N:i.ca:(a.gua Rise and Jamaica • ao 

~ell as Chortis. probably lay to the west of the Motaguan collision zone. 

placing the Chortis and Nicaragua Rtse~Jamaica Arcs along the Mexican 

Cordillera. In this case. both arcs ~ere probably southwest facing through 

time. The arc that collided with the southern Yucatan shelf. then 9 is 

probably ~estern Cuba or an extension of western Cuba. 

Arcs along_ northwest South America~ Arc activity indicative of 

subduction has occurred since at least Jurassic time within the Cordillera 

Central of Colombia and the main Cordillera of Ecuador (Figure 6.3). whose 

basements consist of a variety of pre~Mesozoic continental rock types 

[Shagam. 1975]. Mesozoic and Cenozoic arc plutons are also located in the 

Santa Marta block. The rocks of Santa Marta are very similar to those of 

Cordillera Central; basement may be continuous beneath the Lower Magdelena 

Basin. but strike-slip faulting during the ?Late Cretaceous or Paleogene may 

have offset the two. The existence of subduction over this long 

time~interval provides an important plate-tectonic constraint on 

evolutionary models for the Caribbean. 

Arc plutonism and volcanism also has occurred within the Western 

Cordillera of Colombia since the Late Cretaceous [Henderson. 1979]. but 

mainly during the Middle Cenozoic [Irving. 1975; Restrepo and Touissaint. 

1977]. Basement of the Western Cordillera of Colombia and Ecuador is 

Cretaceous oceanic crust [Barrera. 1979; Case et al •• 1971] which was 

accreted to the Cordillera Central in the Late Cretaceous [Mooney. 1980]. 

Basement accretion and initial arc-related igneous activity both took place 

in the Campanian. making it difficult to determine whether the Western 
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Cordillen::1. l:J::lPl Rn arc collisinn o~ whethe1 ~ubduction simply 

stepped ou\- to !.he t·Jest 2.fte:r the: occnrdc ba.senteut: b.e:1.d bt::c!l n.ccn::ted to ti1e 

Cordillera Central. 1he ls:te~ is favor~d here 5 an~ the probable cause of 

accretion and subduction zone ste~·out was th~ choking of an east··dipping 

subduction zone beneath Cordillera Central by abnormally thick and buoyant 

crust now seen in the Western Cordillera. 

The magmatic arc has developed primarily upon continental crust of the 

South American Precambrian craton~ and has always been active to the east of 

known or inferred subduction zones. Hence~ the polarity of subduction has 

been west·~facing since the Jurassic. 

Collision zones~ 

In this section~ compressional deformation due to subduction 9 common 

and longlived throughout Caribbean evolution~ is distinguished from 

orogenesis caused by collisions of buoyant masses such as arcs 9 which are 

relatively short-lived events at various times. At least five such 

collisional events can be identified (Figure 6.2): the Greater Antilles arc 

with the southern Bahamas Platform in the early Paleogene; the North 

Venezuela Nappes with northern South America throughout the Tertiary; an 

uncertain terrane possessing a volcanic source and an ophiolitic forearc 

with the southern Yucatan block (Motagua suture zone) in the Late Campanian 

and Maestrichtian; the Western Cordilleran oceanic complex with the 

Cordillera Central (Romeral suture zone) in the Late Cretaceous; and the 

eastern part of the Costa Rica~Panama Arc with the Western Cordillera since 

the Middle Miocene (Atrato suture zone). The brief review presented below 

of the timing and the vergence (direction of motion and emplacement in the 
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and tempor~l motions of plates during Carihhean evolution. 

Early Paleogene Collision of Greater Atltilles Arc with the Bahamas Platform: 

The effects of this collision are most pronounced in Cuba 9 where the 

edge of the Bahamas Platform has been involved in thrusting with the 

forearco An uplifted subduction complex exists in northern Hispaniola 

[Bowin and Nagle 9 1980] 9 but evidence for large~scale horizontal motions of 

thrust sheets is lackingo Northern Puerto Rico has no evidence for 

collision at allo These differences are due to large~offset strike-slip 

motions associated with the opening of the Cayman Trough at an oblique angle 

to the Greater Antilles arc since the Eocene (discussed later)o 

In northern Cuba 9 three important tectonostratigraphic assemblages from 

south to north are~ 1) a mafic basement complex (probably forearc) with 

primarily Cretaceous 9 but possibly Paleogene also 9 arc-related plutons 9 2) 

~n intermediate zone of Late Jurassic to Eocene deep-water· strata 

(continental rise/slope 9 abyssal plain) 9 and 3) a carbonate platform 

(Bahamas) of Late Jurassic through Middle Eocene age [Pardo 9 1975; 

Mossakovskiy and Albear 9 1978; Meyerhoff and Hatten 9 1974]o The forearc was 

thrust northward over the carbonate platform by as much as 90 km [Shein and 

Kleshchev 9 1977]o Olistostromes of Paleocene to Middle Eocene age formed 

during this thrusting 9 which also included thrusting of ophiolitic nappes" 

Allochthon and autochthon both were folded and were overlapped 

unconformably by little~deformed Upper Eocene and younger sedimentso 

Left~lateral strike-slip faulting accompanied the folding [Shein and 

Kleshchev 9 1977]" The structure and stratigraphy suggest the following 

sequence of tectonic events: as the north~facing Greater Antilles Arc (Cuban 
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porlion) thA ArlgP nf the Bahamas Platform. the 

began to ovrr~ide fi.:rRt th~ rarhnnate-bank edge end then the bank jts2lf. 

Before compression ceasedv the forearc was squeezed into a north ·vergc11t 

nsppe v snd subsequently folded and sinist:raHy tem·· ·fa.ul ted o La.te Eocene 

and younger sediment was deposited unconformably upon thrusts of the 

collision zoneo 

The major structural effects of the collision began in the Paleocene. 

and development of the olistostromes and deposition of mafic/ultramafic 

bearing flysch in the slope deposits continued into the Early Eoceneo The 

termination of the collision is constrained between the age of that flysch 

and the age of the transgressive sediments above the post-orogenic: 

unconformity" Therefore. collision culminated in the Middle Eocene 9 an age 

corroborated by the Middle Eocene termination of arc magmatism in Cuba" 

Further evidence for this age of collision comes from the subsidence of the 

Bahamas Banko In the Andros well to the north of central Cuba. 

Paleocene-Middle Eocene deposition occurred at rates 5 times faster than the 

rates before and after this interval [Paulus. 1972]. It ic suggested that 

the Andros area effectively represents the foredeep basin of the 

Cuba-Bahamas collision" 

The Cauto Basin (Figure 6.2) seems to be a fundamental structural break 

along the strike of Cuba" To the west of Cauto Basin. the Bahamas Platform 

is involved in the thrusting whereas to the east. abducted ophiolites and 

melanges occur but the platform sediments apparently are not significantly 

thrusted" This difference in response to the collision may be due to the 

original shape of the arc or the Bahamas. or simply to differing degrees of 

compression" 

In Hispaniola. the effects of collision are much diminished relative to 

those in Cubao The structure of the original arc~trench system is well 



p~eserverl~ vnlrRnir Rrr (~nrrlillerR Central), forearc basin (Cibao Basin, 

basement of Cordillera Septentrional) 0 and subduction complex (north 

coa.st) o The Eoce~e coflision did not prog~ess to the pui~t where the 

forearc complex wau thrust onto the Bahamas Platform 1 nor did thrusting 

propagate into the Platform itself at that time. The collision in 

Hispaniola is marked by an Eocene melange containing ophiolitic debris and 

Cretaceous to Paleocene rocks [Bowin and Nagle 9 1980] which is unconformably 

overlain by relatively undeformed Late Eocene shallm1-water sands (Luperon 

Formation) along the north coast [Nagle 9 1966 9 1919; Bowin and Nagle 9 1980]. 

Magmatic·~arc volcanism generally ceased in Hispaniola in Middle Eocene time 9 

coeval with collision. 

Seismic reflection and seismological studies 9 however 9 indicate that 

Hispaniola has overthrust the Bahamas somewhat during the Neogene to Recent 

[Austin 9 1983; Bracey and Vogt 9 1970; Sykes et alo 9 1982]" This younger 

development is due to post-Middle Miocene transform motion along the Oriente 

Fault between Cuba and Hispaniola 9 which has resulted in transpressional 

ronvergence between Hispaniola and the eRRtern Bahamas [Pindell and Dewey. 

1982]" Minor 9 Neogene alkalic volcanism has occurred in west~central 

Hispaniola [Vespucci 9 1980] which could relate to this convergence. but this 

volcanism probably results from local extension accompanying sinistral shear 

in the North Caribbean Plate Boundary Zone [Burke et al. 9 1980]" 

In Puerto Rico 9 a forearc region and subduction complex are not exposed 

north of the arc" Consequently. the end of arc~continent convergence is 

identifiable only by the marked Mid~to~Late Eocene unconformity [Meyerhoff 

et alo 9 1983; Glover. 1971] and by the termination of arc magmatism [Cox et 

al"• 1977]" Oligocene dates on granodiorites and quartz diorites in the 

Virgin Islands [Kesler and Sutter. 1979; Cox et al •• 1977] may represent the 

last gasp of Greater Antillean magmatism 9 or may relate to initial 
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subduction elong the Lasser Antilles Arc. 

In summa:('Yo the coll:i.oion bcttrcen th.~ G;:'CG.tcT Ant:UJ.es 8.nd the Be.L1aruc;~ 

Ple.t.fo<~m occm·~:·ed in Ltw Lo.Lc Pa:if~ocetH) to Mid· -Eocene 9 and. the Cuba po:r:Uon 

of the arc shows the most dramatic evidence for the collision. Most thrusts 

there are nor.·th vex·gent? which supports the· concept of sou th~d:i. pping 

subduction of the Proto~Cal'ibbean beneath the Greater Antilles Arc prior. to 

collision. There is no strong diachroneity of the time of collision along 

strikep although the sinistral tear--faults in Cuba [Skvor 9 1969; Case and 

Holcombep 1980] may indicate slightly oblique 1 eastward progressive 

suturing. 

An Uncertain Arc Terrane with Southern Yucatan (Motagua zone)~ 

This Late Cretaceous collision occurred between a volcanic arc 

possessing an ophiolitic forearc~ and the continental crust and carbonate 

shelf of southern Yucatan (Figure 6.2). During the Late Campanian to 

Maest.r:i.chtian, the Neocomian to Santonian carbonate shelf (Campu:r and Chemal 

Formations 9 Vinson [1962]) was depressed and buried by up to 2500 meters of 

turbiditic flysch from a southern source (Sepur Formation. Rosenfeld 

[1981]). This flysch is an argillaceous foredeep facies which extends from 

the Mexican/Guatemalan border to the Caribbean. 

The Early Cretaceous Santa Cruz ophiolite was thrust northward onto the 

Sepur foredeep [Williams. 1975; Rosenfeld. 1980; 1981]. Overlying the 

ophiolite 

younger ~s 
are deep-water sediments of the Aptian-Albian (and possibly 

well) Tzumuy Formation [Rosenfeld. 1980]. which grade from 

tuffaceous pelagics to increasingly coarse and proximal turbidites with 

volcanic debris of andesitic composition and ash. These sediments suggest a 

volcanic arc as the source area. The timing· of emplacement of the 
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d2.ting the is ctu.l fv1aef.Jtrichtit1n ~ the 

dP.poccnler migrated no:ci:hvm:cd d.Lo:·ing i:h~ Maest:richtlan 9 presumably as thrust 

J.oc,ding p.rogr.essec1 0 Su.bse<{uently 9 uplift and large.,scale l::cansforrn motion 

has occurred along the Polochic and Motagua faults [Burkart. 1983]o 

Because of the uncertainty of the amount of Cenozoic offset along the 

Cayman Trough and Polochic··Motagua transform, the identity of the piece that 

collided with southern Yucatan is not clearo The sediments derived from the 

unknmm terrane indicate that it \ifas a volcanic arc of intermediate 

compositiono Because southern Yucatan was a stable shelf up to the time of 

collision, the vergence of the r:oll:i.sion 1vas northl'lards, that is, subduction 

prior to collision was south-dipping, in accordance with the emplacement of 

the Santa Cruze Assuming the Santa Cruz is the remnant of an ophiolitic 

forearc, one can speculate that the colliding mass was an intra·~oceanic arc 

rather than an Andean~type arc; few Andean arcs possess ophiolitic slabs as 

forearcso If one accepts more than 1000 km of east~west opening along the 

Cayman Traugh [Pindell and Dewey, 1902; ~vauge and Burke, 1983], a possible 

candidate for the colliding mass is the Nicaragua Rise-Jamaica arco 

However, as pointed out earlier, sinistral shear probably occurred prior to, 

as well as during, the opening of the Trougho Hence, western Cuba is a 

possible candidate as well~ 

North Venezuelan Nappes with Northern Venezuela: 

The northern margin of South America from Guajira to Trinidad has been 

overthrust from the north or northwest during Cenozoic time (Lara Suture of 

Figure 6o2)o The thrust sheets comprise mainly Cretaceous to Paleogene 

variously metamorphosed volcanics, ultra~mafics and volcanogenic sands and 



shales 0 with minor limestones. These rocks collectively form an assemhlRee 

typically assod.ated t·Jith accretionary t·Jedges a ;-,. subduction zones. Rocks 

depos:.U:ed in sha.lloVJ~vmtel' of the Venezuelan shelf are sometimes 

incorporated i~to the thrusting as well. The assemblage crops out in 

northern Guajira and Paraguana [HacDonaJ.d, 1964; Lockwood, 1965; 

Martin~Belizzia and Arozena, 19·17.; Case et aL, 198/+] o but in Falcon Basin 

they predominantly lie in the sub~surface (except along the basin's southern 

margin at Siquisique and Aroa~Mision) beneath a 6 km sedimentary section 

[Muessig, 1984; Bellizzia et al, 0 197?.]. In the Caribbean Mountain system of 

north~central Venezuela these rocks comprise the Lara Nappe of metasediments 

and the Villa de Cura Klippe of predominantly blueschist-facies mafic 

metavolcanics 0 . metasediments and ultra~mafics; metamorphism is medial to 

Late Cretaceous in age [Stephan et al. 0 1980; Maresch, 1974; Gealeyo 1980; 

Beets et al. 9 1984]. Similar assemblages of rocks occur in the Arraya~Paria 

Peninsula 0 Margarita, and in the Coastal Ranges of northern Trinidad 

[Vierbuchen, 1984; Speed 0 1985]. Generallyo it appears that an arc terrane 

with a well-developed forearc and accretionary compJ.ex collided with 

northern South America. 

Two major questions 0 howevero plague the understanding of this margin's 

development 0 and both must be considered before the apparent arc-continent 

collision can be properly interpreted. First, "How much deformation has 

occurred to northern South America during the Late Miocene to Recent Andean 

Orogeny?" Secondo "When exactly were the thrust sheets of oceanic rocks 

emplaced onto the Venezuelan continental margino and was this a diachronous 

process?" The first question is fully considered in chapters 1 and 7; it 

appears that the entire northwest corner of South America has migrated to 

the northeast by about 290 km over the last 9 million years. The 9 Ma 

paleogeographic reconstruction of northern South America (Figure 7.2) is 



ass11mP-ci her~?> to quantify and to retract the effe<.t.s of this defu1.1uci..lune 

Answering the second question in more difficult; assessing the timing 

of collision for ~nr collision zone is difficult because of the potential 

geometric and volumetric complexities resulting from thrusting. Of 

particular importance is discerning the sediments of the accretionary wedge, 

and their deformation during subduction, from the foredeep sediments and the 

deformation resulting from the actual emplacement of the accretionary wedge 

upon the margine In the case of northern South America, this is very 

difficult because both the accretionary wedge and the foredeep basin are 

composed of similar terrigenous sediments. 

The best evidence for the timing of collision should come from the 

subsidence history of the autochthon, or the Venezuelan shelf to the south 

of the thrust sheets. The initiation of subsidence in the Maracaibo area is 

Paleocene~Lm.,er Eocene [Zambrano et al., 1972]; subsidence south of the 

Venezuelan 'Mountain system (Piedmont Province of Beck [ 1978]) is 

Oligocene?-Miocene [Beck, 1978]; initiation of subsidence in the East 

Vene?.ueJa'l Basin is Miocene· Pliocene [I. Rodriguez, pe:cs. curnm. , 1985; 

Vierbuchen, 1984]. Thus it appears that the emplacement of the north 

Venezuelan Nappes was diachronous to the east. Much of the Paleocene-Lower 

Eocene flysch commonly referred to as the foredeep facies in front of the 

entire thrust belt (such as the Piemontine Nappe of central Venezuela [Beck, 

1978]) was probably accreted at the accretionary complex from the floor of 

the Proto-Caribbean during the Eocene in the the subduction stage 9 prior to 

the actual emplacement onto the margine 

Assuming the Caribbean Plate has migrated eastwards with respect to 

North and South America since the Eocene, interactions between the Caribbean 

and northern South America should be diachronous to the east. In a later 

section (Development of the South Caribbean Plate Boundary Zone), the 
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positions of the C:Ari hhP::tn Plate rela.ti ve to South America arc cstinw.tcd" 

It is shown that: close co:tTP-lat.:i.orr exists bet-vmen tbe probable posi t:ion of 

the leading edge of the Caribbean Plate end the emplacement age of the North 

Venezuelau Nappes, at various points along the margin. Hence~ it is 

suggested that the North Venezuelan Nappes were emplaced progressively 

during the Cenozoic as a result of a compressional component of the 

predominantly transcurrent relative motion which has exceeded 1000 km since 

the Eoceneo Iteratively, this emplacement history provides an indirect check 

on the predicted motion history of the Caribbean Plate relative to South 

Americao This model is in contrast to to the interpretations of some 

previous geologic~kinematic Caribbean evolutionary models [White and Burke, 

1980; Pindell and Dewey, 1982] which attributed nappe emplacement to Late 

Cretaceous~Paleogene convergence between North and South America 9 rather 

than to interaction with the Caribbean Plateo 

The arc complex that collided with northern South America is difficult 

to identify with certainty because of the large amounts of strike-slip 

offset" Ho~tJever, the T,eP.t·m:r:-d A!!tille,s probably form E!t least a part of the 

arc complex 9 particularly to the west of Golfo de Triste. The 9 Ma 

reconstruction (Figure 7o2) places the Leeward islands west of Golfo de 

Triste 9 along strike with a few calc-alkaline plutons of the Coast Ranges of 

the Venezuelan Mountain systemo The Paleocene-Early Eocene collision to the 

west of Golfo de Triste matches the Paleocene termination of plutonism in 

the Leeward Antilles (Figure 6.3). The plutons of the Venezuelan Coast 

Ranges may be an eastward extension of the Leeward Antilles arc; if so 9 

their younger age (Eocene, [Maresch 9 1974]) may also testify to the 

diachronous nature of the collision. 

Assuming that the diachronous collision was related to interaction 

between the Caribbean and South American Plates 9 the Leeward Antilles arc 
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probably represent.~ A rori·ion of the Caribbean Plo.tc. As shmm later lu a. 

more completP. model fo:c t.he clevelopm2r:.i: of th0 northern Sov.th Ame:.-lt:ei 9 the 

Leewarct Antilles Arc (and its forearc acd accretionary wedge) was probably a 

southern extension of the Aves Ridge Arc 9 which was progressively clipped 

off and accreted to northern South America during the Cenozoic. The 

metamorphic rocks of the Lara Nappes that were abducted onto the Venezuelan 

margin were metamorphosed during the accretionary prism stage during 

subduction of the Proto·~aribbean 9 prior to their Cenozoic emplacement. The 

apparent geochemical affinity between the basalts defining seismic horizon 

B19 of the Caribbean Plate and the tholeiitic units (basement) of the Leeward 

Antilles [Donnelly 9 in press 9 1985] is further evidence for this model of 

arc~continent collision. 

WeRtern Cord:iJle!"e./Sa.n Jacinto Belt \Ji th CordilleJ.-Ci Ceni.:i. ctl 9 ColuUJbia and 

Ecuador (Romeral Suture): 

In Colombia and Ecuador; the Rome!"al Suture (Figure 6.~), a major fault 

zone along which occur ultramafics 9 melanges and blueschists 9 separates two 

distinct geological provinces [Case et al. 9 1971]. To the east occur 

Precambrian through Cenozoic continental rocks of Cordillera Central and the 

Santa Marta Massif. Directly to the west 9 the Western Cordillera and San 

Jacinto Belt consist of Cretaceous oceanic crust 9 Late Cretaceous through 

Paleogene highly-deformed 9 deep-water sediments 9 and Cenozoic magmatic rocks 

[Case et al. 9 1971; Case and MacDonald 9 1973; Irving 9 1975; Duque-Caro 9 

1979; 1984]. Oceanic basement does not actually crop out in the San Jacinto 

Belt 9 but it is inferred from gravity studies to exist at depth along strike 

of the Western Cordillera. Structural and facies relations indicate that the 

Western Cordillera and San Jacinto terranes were accreted to Cordillera 
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Central during Late Cretaceous-~aleogene time; suturing was completed by the 

Eocene, and may have been diachronous towards the northo The most intense 

deformation (subduction zone choking) seems to have occurred during the Late 

Cretaceous in souther~ Colombia and Ecuador [Henderson 0 1919]. In contrast, 

deformation climaxed in the Eocene to the north in the San Jacinto Belt 

[Duque·~aro 0 1979; 1984]. The predominantly Cenozoic (mostly Oligocene) 

magmatism within the Western Cordillera post-dates the suturing to 

Cordillera Central. 

The Western Cordillera 9 s brief history as an island arcp therefore 0 

bears no relationship to subduction geometries prior to its Late Cretaceous 

accretion. Composite faults along the Romeral dip to the eastp and the orily 

significant subduction~related magmatism prior to collision occurred in the 

Cordillera Central/Santa Marta Arc. These considerations suggest 

east~dipping subduction at the site of the Romeral Suture prior to 

accretion. 

It appears as though accretion resulted from a non~subductable area of 

oceanic crust arriving at and choking the Cordillera Central subduction zone 

during Late Cretaceous-Paleogene time. Subduction then stepped outboard of 

the Western Cordillera for the remainder of the Cenozoic. It has been 

suggested [Duque-Carop 1979] that oceanic crust in the San Jacinto/Western 

Cordillera belt.is related to the abnormally thick crust of the Caribbean 

Plate (basaltic extrusivesp seismic horizon B11 p atop oceanic crust). If the 

Caribbean Plate is of Pacific provenance [Malfait and Dinkelmanp 1972]p the 

Western Cordillera could be an accreted remnant that was emplaced 

Plate's entrance into the gap between the Americs. 

during the 

I 
After the development of a new east-dipping subduction zone to the 

west, the Western Cordillera became a logical site for subduction·~related 

magmatism through the Cenozoic. It did not evolve as an axis of plutonismp 



however~ until the Oligocene" FignrP. 2,1 notes that the rate of 

Farallon-~orth Ameri~a ~onvergen~e, and therefore very nearly the rate of 

Farallon"South America conve:rgence 9 dropped from 140 to 75 mrn/yr at the end 

of the Eocene. If it is accepted that convergence rate controls the dip of 

the Benioff Zone~ then a cause·~and~·effect relationship may exist between the 

slowing of subduction and the westward shift of the axis of northwestern 

South American volcanism (steepening of Benioff Zone). Conversely 9 the 

Miocene return of volcanism to the Cordillera Central may have resulted from 

the subduction of the more buoyant crust of the eastern part of the Panama 

Arc (see below) 9 and the young crust which has been created at the Galapagos 

Ridge spreading center since the Early Miocene only 

Mammerickx~ 1982]. 

East:Prn PRnBmE! 11ith Western Colombia: 

[Klitgord and 

Supposition of a collision between the eastern part of the Costa 

Rica~Panama Arc and the Western Cordillera of Colombia arises from 

consideration of Cenozoic plate motions and modern plate boundaries in the 

area. If the Caribbean Plate 9 with Costa Rica-Panama forming its western 

edge 9 has moved eastward with respect to South America~ the southwestern 

portion of the Caribbean must have converged with South America. Hundreds of 

kilometers of relative motion implies that the Costa-Rica-Panama Arc was 

formerly distant from Colombia and. therefore~ that the two have collided at 

some time during the period of migration. 

However 9 a suture between the Western Cordillera and the Panama Arc has 

not yet been clearly recognised in the field. Despite this 9 the Atrato-San 

Juan Basin (Figure 6.2) is a strong candidate for the predicted suture [Case 

et ·al •• 1971]. First 9 structural and lithologic trends continue from eastern 
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Panama into the SerrRniR rle Raudo; which defines the western flank of thA 

basin. The Atrato-Rio San Juan Valley separates this basement high from the 

Western Cordillera. Second 1 a strong relatively negative gravity anomaly 

with steep gradients characterj.zes the basin 1 which is filled with 5 to 10 

km of sediments that are moderately to complexly folded [Case et al. 1 1971]. 

Finally~ post~Eocene sediment accretion has occurred along strike to the 

north in the Sinu Belt 1 and is due to subduction of 1 and sediment 

offscraping from 1 the Colombian Basin beneath northern Colombia [Duque-~aro 1 

1979; 1984]. In so much as the Costa Rica-Panama Arc is viewed as the 

trailing edge of the Caribbean Plate 1 which comprises both the Colombian 

Basin and Panama 1 it appears that collision has yet to occur in the Sinu 

Belt. Hence 1 the collision appears to be northward progressive 1 and is 

presently occurring in the area of Golfo de Uraba. 

Collision appears to have begun in the Miocene (Middle?) 1 as suggested 

indirectly by 1) uplift of the Panamanian forearc in Middle to Late Miocene 

[Bandy and Casey 1 1973; Bandy 1 1970] 1 2) uplift of the Serrania de Baudo in 

the Miocene [Bourgois et al.~ 1982] 1 3) the Miocene plate-boundary 

reorganization within the Nazca Plate off western Colombia [Lonsdale and 

Klitgord 1 1978] 1 4) the regional hiatus of Late Miocene age in the Atrato 

Basin [Duque Caro 1 1972; 1984] 9 5) Late Miocene tectonic instability in 

northwest Colombia that changed the drainage course of the Magdalena River 

[Duque-Caro 1 1979] 1 6) divergence of planktonic species in the Pacific and 

Caribbean in the early Pliocene [Keigwin 1 1978] 1 and 7) major faunal 

exchange between North and South America during the Plio-Pleistocene [Webb 1 

1976]. This collision is the primary cause of the Andean Orogeny in 

northwest South America (see Shagam [1975]; and Irving [1975] 1 for reviews) 1 

and has triggered the Late Miocene to Recent northeastward mobilization of 

Andean Cordilleran Terranes (chapter 7). 



Accompanyine this collision is the northward escape of blocks nf the 

eastern part of the Panama Arc along north to northwest trending sinistral 

faults [Case and Holcombe 8 1980]" This has given the arc its northward 

convexity" The body of the arc itself has been abducted onto the Colombian 

Basino Seismic studies trace the Colombian Basin underriding the Panamanian 

Foldbelt of recently accreted sediment [Lu and McMillen 9 1983]o In essence 9 

it appears as though the eastern portion of the arc is reversing polarity in 

its attempt to resist subduction at the Atrato-San Juan sutureo The 

collision began with the impingement of the eastern end of the south~facing 

Costa Rica-Panama Arc (Serrania de Baudo) into the Sinu Trench (subduction 

beneath Western Cordillera) approximately at Buenaventurao Cessation of 

subduction at the now-buried 9 east-trending Panama Trench [Lo\rrie 9 1978] 

caused northward migration of blocks of the eastern portion of the arc along 

the sinistral transcurrent faultso Motion of the eastern arc with respect 

to the Western Cordillera has remained essentially convergent 9 as it too has 

a northward component of motion with respect to the Colombian Basin (chapter 

7)o 

Paleogeographic significance of the Yucatan Basin 9 Grenada Basin 9 Cayman 

Trough: 

The Yucatan and Grenada Basins and the Cayman Trough (Figure 6o2) are 

the only oceanic portions of the Caribbean region that are not remnants of 

Cretaceous ocean crust of Pacific provenanceo These basins have opened to 

accommodate geometric imperfections of the Caribbean Plate's Cenozoic 

migration between the Americaso The Grenada and Yucatan Basins are probably 

back-arc basins 9 whereas the Cayman Trough is probably a very long 

pull-apart basin" All three provide critical input to the deduction of 
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Caribbean evolutiono 

Yucatan Basin~ 

The Yucatan Basin usually has been considered (1) Mesozoic ocean crust 

formed due to radial separation of the Chortis Block from the Yucatan 

Peninsula [Dillon and Vedderp 19/3]p (2) a piece of Cretaceous ocean crust 

rafted in from the Pacific [White and Burke 9 1980]p or (3) an intra-arc 

basin framed by separation between Cuba and the Cayman Ridge during the 

Paleogene [Gealeyp 1980]o Seismic reflection and heat-flow datap and 

age~depth relationshipsp suggest an Early Paleogene (55-65 Ma) age for a 

seafloor spreading origin [Rosencrantz et al.p in 

Gealey 9 s [1980] intra~arc spreading origino 

press] 9 

Seafloor 

consistent with 

spreading related 

magnetic anomalies trend northeastp suggesting northwest-southeast directed 

spreading [Hall and Yeungp 1980]; howeverp identification of anomalies is 

suspect. 

For tWe Yucatan Basin to be an intra-arc basin between Cuba and the 

Cayman Ridge 9 Cuba must have migrated north-northeastward along the eastern 

Yucatan margin. Howeverp this trend is discordant with the trend of opening 

suggested by magnetic anomalies. This discordance suggests that plate 

motions occurred between three plates; North Americap the Caribbeanp and 

Cuba. A model which satisfies the geometric and age requirements for the 

basin is shown in Figure 6.4. It is concluded that the Caribbean Plate 

(Cayman Ridge) migrated about 377 km east-northeast with respect to North 

America during the period of Yucatan Basin formation. This accords with the 

concept of the Caribbean Plate entering the North America-South America gap 

during the Late Cretaceous through Eocene. 
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Figure 6a4o Magnetic anomaly lineations in Yucatan Basin 9 after Hall and 
Yeung [1980]o In the three~plate system of North America 9 Cuba and the 
Caribbean (Cayman Ridge) 9 Cuba ffiig.i-ated 9 w:i.t.h i:.e:::;,.H:H.:L Lo North America 9 

from point A to point B9 as defined by the trend and length of the 
eastern Yucatan sheared margino The Cayman Ridge migrated 9 with 
respect to Cuba 9 from point B to· point C9 as defined by the 
perpendicular to the mean trend of the magnetic anomalies and the width 
of the basina Completing the vector triaugle from point A Lo point C 
gives the motion of the Caribbean with respect to North America during 
the period of back-arc spreading in the basin (Maestrichtian to 
Mid-Eocene 9 15-20 My) 9 assuming no subduction has occurred at any 
margins of the basina Vector triangle in lower right defines trends 
and magnitudes of these apparent motionsa Pinar fault in western Cuba 
separates the Cuban a·rc (or forearc) to the east from continental crust 
of the northeastern Yucatan block to the westo 



The Grenada Basin: 

This basin (Figure 6.2) 

arcs. In the southv basement 

sediment [Biju~Duval et al •• 
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separates the Lesser Antilles and Aves Ridge 

lies beneath 4000 m of quite undisturbed 

1918] and is probably oceanic. In the north 1 

howeverv a block~faulted basement is indicated on seismic lines which is 

composed of Cretaceous arc~related volcanics [Nemec. 1980]. This basement 

extends to the east and forms the basement of the northern Lesser Antilles. 

The block faulting is primarily Paleocene or Early Eocene [Nemec. 1980]. 

Likewise. heat-flow measurements in the deeper southern portion of Grenada 

Basin (G. Westbrook. pers. comm •• 1984) suggest a Paleocene~Eocene age for 

the formation of oceanic crust. Thus. it is assumed that the Grenada Basin 

formed during the Paleocene to Early Eocene interval. The Paleocene~Early 

Eocene is also when plutonism ceased in the Aves Ridge Arc and began in the 

T.esser An~illes Arc (Figure 6.3). Hence. it appears ad though the Grenada 

Basin is a Paleocene-Early Eocene back-arc basin which formed within the 

Late Cretaceous-Paleocene Aves Ridge Arc. 

A simple east-west extensional origin for the basin is possible 

[Tomblin. 1975; Pindell and Dewey. 1982]. but north~south trending magnetic 

anomalies or fractures have not been identified. On the contrary. magnetic 

lineations radiate generally east-west across the basin (G. Westbrook. 

pers. comm •• 1984). If these are. in fact. seafloor spreading anomalies. an 

oblique opening for the basin is indicated. 

Several other indirect lines of evidence also suggest an oblique 

opening for the Basin. First. a very steep and straight scarp defines the 

southeastern margin of Aves Ridge [Case and Holcombe. 1980]. The scarp 

appears more like a transform scarp than a rifted margin. Second. a 

positive gravity anomaly axis occurs along the eastern scarp of the 

Limestone Caribbees of northern Lesser Antilles [Tomblin. 1975]. As with 
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southeastern AveR Rirlee, this scarp is also bathymctrically defined. 

Furtherv the iAlRnd of La Desirade aligns with this scarpg on which is fo11nd 

Jurassic pillow basalts and radiolarites which may represent oceanic crust 

[Mattinson et al.v 1980]. The close proximity of La Desirade to the Lesser 

Antilles volcanic axis makes it unlikely for La Desirade to have been 

accreted to the arc; the accretionary complex lies about 100 km to the 

east. It is possible that the La Desirade and southeastern Aves Ridge 

scarps are remnants of transform faults which were connected by a short 

ridge segment in the southern Grenada Basin. Seafloor spreading in the· 

basinv and dextral motion on the faults. could have opened the basin by 

north-south extension. as recorded by the magnetic anomalies in the basin. 

Figure 6.5 outlines a model for such an oblique opening. In addition 

to the geometric arguments above. this model is made more attractive by two 

further lines of reasoning. First. If the Caribbean Plate entered the North 

America-South America gap in a northeast direction from the Pacific region 

during the Late Cretaceous-Eocene. then the eastern portion of the leading 

edge of the plate must have subjected to dextral shear, which is a 

requirement for the proposed model. Second •. the model suggests that a 

significant portion of the original Aves Ridge and its forearc should have 

progressively protruded southwards as result of the opening of the Grenada 

Basin. There is geochemical affiliation between the basement of the Leeward 

Antilles Arc offshore northern Venezuela and the crust of the Caribbean 

Plate [Donnelly. in press. 1985]. It is suggested. as outlined in more 

detail later. that this southern protrusion of arc and forearc has become 

the Leeward Antilles arc and the Lara Nappes (including the Villa de Cura 

forearc) of northern Venezuela. Emplacement of the nappes resulted from a 

compressional component of many hundreds of km of dextral shear between the 

Caribbean and South American Plates since the Paleocene. 
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Figure 6.5. Proposed model of formation for Grenada Basinp based upon 
recently defined magnetic anomaly trends (G. Westbrook 9 pers. comm., 
1984). A: pre=opening phase (Late Cretaceous)o dextral oblique 
subduction of-Proto~aribbean (Atlantic) crust induces shear stress and 
mobilization of the eastern Aves Ridge arc and subduction complex. B: 
opening of Grenada Basin led to progressive protrusion to the south of 
southeastern Aves Ridge arc and forearc 9 which would become accreted to 
northern South America (Leeward Antilles and the Lara Nappe (see Figure 
6.7) from Paleocene through Pliocene [Stephan et al. 9 1980]. Opening of 
Grenada Basin was probably completed by the end of the Eocene. La 
Desirade and the southeast Aves lineaments are remnants of transforms. 
C: Extensional adjustments in the north during the Eocene=?Oligocene 
[Nemec 9 1980] allowed a restraightening of the Caribbean-Atlantic 
trench interface 9 as it is today beneath the accretionary complex 
[Speed and Westbrook et al. 9 1984]. Youngness of volcanism in the 
south 9 relative to that i~ the north (see arc section 9 above) 9 is due 
to a lag in subduction as the Lesser Antilles forearc remained 
essentially fixed to the South American plate during the opening of the 
Grenada Basin. 
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The Cayman 1'rough~ 

This long~ deep basin (100 by 1400 km) forms the North 

America~~aribbean plate boundary in the northwest Caribbean [Perfit and 

Heezen~ 1978; Sykes et alop 1982]o Much of the basin is floored by oceanic 

crust produced at the north~trending Mid-Cayman Spreading Center~ a short 

mid~ocean ridge segment that links the sinistral Swan and Oriente transform 

faults (Figure 6o2)o The amount of oceanic crust which has been created at 

the Mid-Cayman Spreading Center defines the minimum relative motion between 

the Caribbean and North American Plates since seafloor spreading began; 

hence~ the Cayman Trough is critical in unraveling the plate~tectonic 

history of the Caribbeano 

Wadge and Burke [1983] reviewed the evidence from the Cayman Trough and 

concluded that it began to form (deep-water sedimentation accompanied by 

strike-slip motions in the northern Caribbean) in the Oligoceneo However~ 

the plate boundary configurations responsiblP. for its origin are not 

definitive; seafloor spreading anomalies parallel to the Mid-Cayman 

Spreading Center [MacDonald and Holcombe$ 1978] only indicate an offset of 

284 km; anomalies further from the spreading center ·have not been 

identifiedo Debate focuses upon whether the remainder of the Trough has 

formed by spreading at the Mid-Cayman Spreading Center or by another 

mechanism such as north-south extensiono 

Estimates of east-west offset across the Trough range from 180 km 9 

based on displaceme~t of similar metamorphic belts (subduction complex and 

arc) of Cuba and Hispaniola [Meyerhoff? 1966]p to 1400 km~ based on the 

assumption that the entire bathymetric expression of the trough is due to 

spreading at the Mid-Cayman Spreading Center [Sykes et alo, 1982; Macdonald 9 



1914]. However 9 it is unlikely that total offset could be as much as 1400 

km; that portion with depths typical of true oceanic crust is only 980 km. 

The western and eastern ends of the Trough (4?.0 km) are floored by 

block--faulted" probably arc-related basement (as shown by dredging; Perfit 

and Heezen [1918]) 0 which has subsided to abyssal depths. Although 

extensional" these areas cannot be related directly to relative motion 

between the North America and Caribbean plates. Given that large amounts of 

subsidence arise from small amounts of extension in arc terranes due to a 

large crust to lithospere thickness ratio [Cooper" 1983] 0 it is estimated 

that only 70 to 100 km of basement extension during an initial stage of 

Trough formation is sufficient to have produced the subsided" yet 

non-oceanic" ends of the Trough. Hence 0 if one accepts the pull-apart model 

of formation" total extension across Cayman Trough is between 1050 and 1100 

km. 

Macdonald and Holcombe [1978] identified magnetic anomalies flanking 

the Mid-Cayman ridge axis which indicate at least 284 km of spreading since 

the Late Miocene (anomaly 4 9
) 0 although the spreading rate has decreased 

from 4 cm/yr to 2 cm/yr over the last 2.4 Ma. Based upon the fact that 

seismicity (sinistral strike-slip motion) occurs today along the southeast 

margin of the Trough" Sykes et al. [1982] suggested that Caribbean-North 

America relative motion continues to the present at 4 cm/yr by motion 

occurring at both 

Anomalies beyond 

the spreading center and along the southeast margin. 

anomaly 4' have not been identified in the Trough" but 

basement lineations attributable to east-west seafloor spreading su~gest an 

offset of at least 560 km [Holcombe and Sharman" 1983]. Because these 

estimates of Late Miocene to Recent relative motion far exceed Meyerhoff's 

[1966] 180 km offset of the Cuban and Hispaniolan metamorphic belts (arc and 

subduction complexes)~ alignment of the metamorphic belts does not constrain 



the total east-west offset across the Cayman Trnugh [Pindell and Dcwcyg 

198~]. Much of the motion must have o~~urred along faults which pass south 

of the Cordillera Central arc of Hispaniolao 

Furthermo:re D motion betvJeen Cuba and Hispaniola along the Oriente Fault 

probably has occurred only since the Middle Miocene (see chapter 0). 

Oligocene~Middle Miocene transcurrent motion along the Cayman TroughD 

thereforep apparently bypassed the Hispaniolan arc to the south. Farther 

westp Oligocene~Middle Miocene relative motion probably occurred occurred 

along bounding faults of the early Cayman TroughD just as it has since the 

Late Miocene; no other similarly oriented fault systems are apparento Thusp 

the transcurrent offset and crust generated by seafloor spreading over the 

last 8.3 Ma (about 284 km) or 15 Ma (560 km) probably represent only a 

portion of the total. 

The Cayman Trough's initiation as a deep-water depocenter accompanied 

with strike-slip deformations by the Early Oligocene [Wadge and Burkep 1983] 

is an important piece of evidence indicating Oligocene eastward migration of 

the Caribbean Plate relative to North America. Howeverp the beginning of 

subduction-related magmatism in the Lesser Antilles Arc is Late Eocene (see 

Figure 6o3)p and evidence of strike-slip faulting within the· Greater 

Antilles indicates initiation as early as Middle or Late Eocene. The "Eocene 

Tectonic Belt" of west-central Puerto Rico is composed of fault-bounded 

blocks of Late Cretaceous limestone and Eocene "flysch" and volcanics which 

was severely sheared during the Eocenep prior to the Late Eocene? and 

Oligocene [Barabas~ 1983; Jo JoyceD perso commop 1985]. Similarlyp Eocene 

flysch sequences along the northern margin of the San Juan Valley of central 

Dominican Republic were deformed possibly at a restraining bend of a 

transform system during the Middle to Late Eocene (J. DolanD pers. commop 

1985] 0 
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In light of 1) Oligocene deep·~water sedime'ntaUon j_n portions of r.:.::~yman 

Trough9 2) east~west Caribbean~North America relative motion since the 

Eocenc9 3) the alignment of Cuban and Hispaniolan metamorphic belts bearing 

no constraint upon total offset across the Trough 9 4) the position of 

Mid· ·Cayman Spreading Center half~t..ray between the ends of the Troush 9 and 5) 

no other apparent mode of formation for the Trough 9 it is 

seafloor spreading at the Mid~Cayman Spreading Center has 

entire oceanic portion of the trougho Hence, the Cayman 

concluded that 

produced the 

Trough may be 

considered as an exceptionally extended pull~apart basin which records a 

sinistral offset of 1050-1100 km between the Caribbean and North American 

Plates since the end of the Early Oligocene 9 but additional sinistral 

relative motion is indicated for the Middle or Late Eocene from other 

source so 

This interpretation is especially important in regard to the evolution 

of the Caribbeano The entire concept of the Caribbean Plate originating 

within the Pacific realm and entering the North America-South America gap 

prior to the Eocene is dependent upon this conclusion. If smaller estj_mates 

of offset are assumed (eogo, <BOO km) 9 an in situ formation of the Caribbean 

Plate is required. 

Caribbean Plate Boundary Zones~ 

The Middle Eocene separates two phases of development in the northern 

and southern Caribbean~ 1) an Early Cretaceous-Early Eocene phase of arc 

volcanism and compressional tectonism which culminated in orogeny in both 

the north and south 9 and 2) a subsequent phase of predominantly transcurrent 

faulting associated with more than 1000 km of eastward migration of the 

Caribbean Plate relative to the Americaso The latter phase has produced 



complicated northern and southern plate boundary zones (PBZs) wjth 

anastomozing faults and diffuse seismicity [Burke et al.u 1980]. In this 

sectionu the locations of faultsu and the timing of movement upon them~ 

pertaining to this migration are defined. 

Northern Caribbean PBZ~ 

In the northp the Cayman Trough suggests a minimum of 1050 km of 

transcurrent motion; this is well~defined in the Trough itself~ whose 

eastern end lies directly south of Sierra Maestra of eastern Cuba. However 9 

continuations of composite splays to the east of the Trough must be inferred 

from geologic relationships in and around Hispaniola and Puerto Rico. In 

addition to offset due to Cayman Trough spreading 9 the seismically active 

southeast margin of the Trough 9 continuing through Jamaica and into~ and 

along 9 the southern peninsula of Hispaniola 9 has been the site of up to 48 

additional km of transcurrent motion during the last 2.4 Ma [Sykes et al. 9 

1982; Mann et alo. 1984]o 

Presently. the Oriente Fault between Cuba and Hispaniola is the active 

transform which connects the Mid-Cayman Spreading Center with the Lesser 

Antilles subduction Zone 9 although the Oriente splays into the Bahamas 

Channel. Camu. and Septentrional faults 

[1966] derived a Cuba-Hispaniola offset 

metamorphic belts. Figure 6.6 shows a 

Hispaniolan segments of the arc. forearc. 

in northern Hispaniola. Meyerhoff 

of 180 km by realigning the 

realignment of the Cuban and 

and subduction complex. which 

suggests 400 km of cumulative offset along fault splays to the north of 

Cordillera Central-Massif du Nord of Hispaniolao The difference arises from 

recognition of sinistral offsets along the Tabera. Camu. and Septentrional 

faultso Collectively. restoring these offsets produces a geometry of 



Late Miocene 

Figure 6.6. 

~- r(§(Jultramofics 

DMagmatlc Arc 

(plutons or 

Inferred) 

+-+-Suture zone 

-Extinct zone 

. n on next page. CaptJ.o 



193 

Figure 6.6. Three~stage development of the northern Caribbean PBZ 9 showing 
probable primary locations of transcurrent offset. A: Mid-Eocene time 1 

immediately following Greater Antilles~Bahamas collision (suture 
zone). Magmatic arc (plutons) and subduction complex (ultramafics) are 
realigned 9 except for Paleocene~Middle Eocene dislocation of the arc 
across Cauto Basin (hinge of opening for Yucatan intra~arc basin). 
Guantanamo-Cibao forearc basin is inferred. Paleogene tectonic setting 
of the Eastern Cordillera and Septentrional basements are unclear. 
Transcurrent motion along the Los Pozos·-San Juan fault system separated 
Puerto Rico (P.R.) from Hispaniola by about 300 km during Eocene-Early 
Miocene 9 and juxtaposed the San Juan block (SJB) with the Massif du 
Nord-Cordillera Central (C.C.) of Hispaniola. Offscraped sediments at 
this transcurrent zone have accumulated in the Sierra de Ocoa in 
southern Dominican Republic. The Bermeja area of Puerto Rico may have 
been displaced an uncertain distance along the rvEocene Tectonic Belt11 

of Puerto Rico. B: Early Miocene time. Transcurrent offset began on 
Neiba-Proto Muertos Trough-Anegada system 9 which dislocated the Aves 
Ridge 9 Virgin Islands and Puerto Rico 9 and juxtaposed the southern 
block of Hispaniola with the previously accreted San Juan block (SJB). 
Separation of Puerto Rico from Dominican Republic is responsible for 
development of the Arecibo Basin along northern Puerto Rico. C: 
Late-Middle to Late Miocene. Juxtaposition of southern block nearly 
completed 9 and primary zone of transcurrent motion jumped -to the 
Oriente-North Hispaniolan system. General north-south compression 
across the Caribbean since the Late Miocene (see chapter 7) put the 
Neiba 9 San Juan and Proto Muertos Trough fault systems into 
compression 9 and they have become overthrust to the south. In the 
Pliocene 9 northeastern Hispaniola converged upon and overthrust the 
southern flank of Silver Bank 9 producing the Hispaniolan restraining 
bend. Motions have since occurred along the Septentrional 9 Camu and 
Enriquillo~Plantain Garden (EPGF) faults 9 as well as offshore in the 
north. The Septentrional and Camu are young faults that bypass the 
restraining bend 9 straightening out the migration path of the Caribbean 
Plate past the Bahamas. Probable sinistral faulting along the Mona 
Passage has allowed Puerto Rico to migrate north with respect to 
Hispaniola after having passed the Bahamas. constriction. The Puerto 
Rico Trench is essentially a compressional transform [Schell and Tarr 9 

1978] that developed primarily in Late Miocene to Recent time [Monroe 9 

1968]. Metamorphics dredged in the trench relate to the pre-Late Eocene 
phase of subduction prior to the collison with the Bahamas. 



tectonic provinces for northern Hispaniola that fits better with Cuha. If 

400 km of motion have occurred in the north, fault systems responsihle for 

the remaining 650 km of the Cayman Trough 1 s indicated offset must pass to 

the south of the arc complex of Hispaniola. 

Southwestern Hispaniola consists of three physiographic highs separated 

by two intervening lows which are Neogene sedimentary basins (Figure 4.3). 

The Late Miocene to Recent history of these terranes is predominantly that 

of north-south compression [Biju-Duval et al. 9 1983a; Bourgois et al.s 

1979a,b]. The northern block (Cordillera Central~Massif du Nord-Massif du 

Nord 1 ouest) has overthrust the San Juan-Plateau Central basin to the south. 

The middle physiographic high (Sierra Neiba~Chain des Matheaux-Ile de la 

Gonave) has overthrust the Cul de Sac-Enriquillo Basin. The relationship of 

the Cul de Sac-Enriquillo Basin to the southern high of Sierra Bahoruco and 

Massif de la Selle is poorly known. Little evidence exists in these areas 

for large-scale transcurrent offsets since the Middle Miocene, although 

minor strike~slip faults such as the Plantain Garden-Enriquillo fault [Mann 

et al •• 1984] do occur. Hence. large-offset transcurrent motions (totalling 

650 km) that splayed from the Cayman Trough through southwestern Hispaniola 

are probably resticted to the· Oligocene through Middle Miocene interval 

(about 3 em/yr. if motion was continuous). 

If an Oligocene to Middle Miocene strike-slip phase preceded the Late 

Miocene to Recent southward vergent overthrusting phases then the thrusting 

probably nucleated upon the pre-existing transcurrent fault zones. Thus. 

the southern hanging walls of the overthrusting complexes may preserve 

evidence of the former strike-slip phases as well as evidence constraining 

the timing of thrust .initiation. Conversely. the northern flanks of the 

intervening basins have been overthrust. thereby obscuring any record there 

of strike-slip deformation. Following this logic, the northern San Juan 
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BoundAry FAnlt and the northern boundary of Enriquillo·-Cul de Sac I3asin al-e 

the likely locations to find evidence for larg&·scale strike-slip offset. 

Along the south flank of Cordillera Central and Massif du Nord 1 the Los 

Pozos~San Juan boundary fault zone separates two distinct terranes. To the 

north · lie metamorphosed Cretaceous to Paleogene arc-related rocks and 

volcanogenic sands of the Cordillera Central and Massif du Nord 1 and to the 

south lie Paleogene deep-water micrites 1 silts and slates which possess 

little arc derived volcanic debris [Michael 1 1979; Bowin 1 1975]. Only in 

Sierra de Ocoa in the southeast of the San Juan Basin does one find the 

Eocene~Oligocene volcaniclastic and conglomeratic facies expected to have 

been deposited along the length of the arc complex during and following Late 

Paleocene-Eocene orogensis [Biju-Duval et al. 1 1983a; Bourgois et al. 1 

1979b; Dolan 1 in prep. 1 1985]. Not until the Early Miocene did significant 

amounts of terrigenous sand enter the San Juan Basin [Michael 1 1979]. This 

suggests that the basin had arrived in juxtaposition with the arc terrane by 

that time 1 although the basin probably continued to migrate along the length 

of the arc unitl the Middle Miocene. On sedimentologic grounds 1 the facies 

discrepancy across the Los Pozos-San Juan Boundary Fault Zone suggests that 

at least 350 km of transcurrent motion has brought the floor of San Juan 

Basin into its present position from the west 1 as measured from western 

Sierra Ocoa to the tip of the northwest peninsula of Haiti 1 which itself was 

a source of volcanogenic sediment in the Paleogene. Structural studies a1ong 

the fault [Michael 1 1979] acknowledge the existence of a strike-slip 

component of offset 1 but the magnitude is unknown. The Late Miocene(?) to 

Recent section along the northern San Juan Basin margin is relatively 

undeformed in comparison to the older sediments deposited before and during 

the strike-slip phase. 

Along the southern margin of Sierra Neiba 1 evidence for large-scale 
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strike-slip motion has not been reported. However, the maximum age for ~hP 

initiation of thrusting is Upper Miocene (Lower Tortonian 1 ahout 11 Ma; 

Bourgois et al. 1 [1979a]) 9 as indicated by Eocene rocks thrust onto 

Tortonian rocks. To the south of Sierra Neiba 1 the Fonda Negro Basino an 

exposed part of Enriquillo Basin 1 was filled predominantly during Late 

Miocene~Pliocene time 1 in accordance with southward-directed thrusting in 

Sierra Neiba [Coop~r, 1983]. The difference between the minimum of 350 km 

offset along the Los Po?.os-San Juan fault and the total of 650 km that 

passed through 

Neiba-Chaine des 

Enriquillo-Cul 

may have occurred southern Hispaniola 

Matheaux-Ile de la Gonave, before it 

de Sac Basin in Late Miocene time. 

along Sierra 

overthrust the 

Before this 

overthrusting, the Plateau Central-San Juan Basin and the Cul de 

Sac-Enriquillo Basin may have been one and the same. 

Both the Los Pozos-San Juan Fault and the southward limit of thrusting 

in the Sierra Neiba-Matheaux-Ile de la Gonave thrust belt have logical 

bathymetric continuations into the northeast corner of Cayman Trough [Case 

and Holcombe, 1980]. These probable former transcurrent fault 7.nneR a~e now 

draped with Neogene sediment 1 attesting to their dormancy and/or evolution 

into thrust zones [E. Rosencrantz 1 pers.comm., 1983]. 

In Figure 6.6, Puerto Rico is shown along the southeast flank of 

Dominican Republic in the Eocene (similar to the reconstruction of Sykes et 

al. 1 [1982]). This reconstruction~ which restores about 300 km of offset 

between Hispaniola and Puerto Rico 1 aligns the Late Cretaceous-Paleogene 

volcanic axes of the two islands, and places the Bermeja ultramafic complex 

on the south side of the arc 1 where it probably was accreted from the south 

prior to the Late Cretaceous. 

The eastward continuation of the San Juan Fault system probably had two 

splays. A minor splay may have passed through the "Eocene Tectonic Belt" of 



west·~entral Puerto Rico. whereas the primAry RplRy passed to the north of 

Puerto Rico, t:hcreby tracslating it 300 km eastwArd from its initisl 

position. Th~ sum of Lhe offsets agrees well with the suggest~d wi~im~w 

offse·:: fo::. Lhc Sm~. Jtian E;:mJ.·i-. systetuo Th~ easLv.rard extension of the Sicrr2. 

Neiba fault system. therefore. must have passed south of Puc~to Rico, 

probably along a proto·Muertos Trench transform system that has become 

compressional with southward vergence like Sierra Neiba [Biju~Duval et al., 

1983a]o Further east. this fault probably passed through the sinistral 

Anegada Passage [Murphy and McCann, 19/9] to the Lesser Antilles Trench" 

In the Middle Miocene. transcurrent motion shifted from faults in 

southern Hispaniola to the Oriente Fault and related splays in northern 

Hispaniola (see chapter 4). The 400 km offset from Cuba could have occurred 

in the last 11.2 million years, given the spreading history of Cayman Trough 

[MacDonald and Holcombe, 1978] and extrapolating the 4 cm/yr spreading rate 

beyond the 8.3 Ma, for which magnetic anomalies have been identified. 

However, thrusting in Sierra Neiba is Tortonian or younger; the shift to the 

north therefore may have been gradual.; with RtrikP-slip mction occurring 

both at Sierra Neiba and the Oriente Fault during the late Middle Miocene" 

An age of 15 Ma seems reasonable for initial strike-slip separation of 

Hispaniola and Cuba, which matches the age of folding and unconformity in 

northern Hispaniola (chapter 4)a 

Southern Caribbean PBZ: 

The southern Caribbean plate boundary zone is complex and poorly 

understood" Thrusting. transcurrent motions, and rifting have been 

important to its evolution throughout the Cenozoico In a previous section 

(collision zones) 9 a case was made for the progressive. diachronous 



emplacement of the North Venezuelan NappRR onto th0 VPnezuelan margin since 

the Paleocene. in close association with the eastward advance of the 

Ca:r:i. bbean Plate" Beefe:J.j ns \:.d. t.h a pB.lcogeogr·a.pi!Jc reconstrwction of nor.then1 

South Amer:i.ca i·fhich. accouui..:ed for the Late i"Jjocene t.o Recent fault offsets 

(ch2.pter J)~ it was suggested that the North Venezuelan nappes were emplaced 

in the Maracaibo area during the Paleocene~Early Eocene~ in the Central 

Venezuelan Mountain System area (Lara Nappes) in the Oligocene?--Miocene, and 

in the East Venezuelan Basin area in the Late Miocene· ·Pliocene o 

In addition to the emplacement history of the North Venezuelan Nappes, 

the following points must be recognized by a model for development of the 

northern Venezuelan margine First, eastward-dipping subduction of the 

Caribbean Plate has occurred at the Sinu Trench of western Colombia since 

the Paleocene-Eocene [Duque-Caro, 1979; 1984]o Second, Oligocene subsidence 

within the Falcon Basin, and possibly the Bonaire Basin too, was caused by 

dextral strike~slip motions and attendant pull-apart basin development 

[Biju-Duval et alo, 1983b; Muessig, 1984]o The total east-west offset across 

the Falcon due to ~11ll-apart opening is unknown. However 1 the occurrence of 

Paleogene metamorphosed sediments beneath an Oligo-Miocene sedimentary 

section of only 6 km that is intruded by alkaline, rather than tholeiitic, 

basalts [Muessig, 1984] suggests an origin by continental stretching with 

beta values of about 2 [Dewey, 1982]o Greater degrees of extension are 

typically associated with the intrusion of tholeiitic basaltso Therefore, 

dextral offset across the 200 km-long Falcon Basin is probably about half 

the basin's length, or about 100 kmo Third, the Late Miocene to Recent 

Andean Orogeny has mobilized several blocks in the Venezuelan Borderlands, 

primarily by stike-slip motions along intervening faultso This deformation 

is treated in detail in chapter 7 rather than here, but the primary 

indication of that treatment is that the Andean Terranes and the Borderlands 
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have migrated northeast by /.90 kmo The northward component of this motion 

is about 170 km 8 which is the amount by which the Borderlands have beAn 

abducted onto the Caribbean Plate to the west of La Blanquillaa 

A crude model for the development of the south Caribbean PBZ which 

incorporates these considerations is outlined in Figure 6o7o The approximate 

position of the Caribbean Plate with respect to South America is shown in 

each reconstructiong as estimated from completing the vector circuit at each 

time for NOAM/CARIB and NOAM/SOAMo The NOAM/CARIB offsets are inferred from 

the Cayman Trough 1 s opening history and interpolated within the following 

schedule of NOAM/CARIB relative motion ratesg 0 to 10 Mag 40 mm/yr; 10 Ma to 

20 Mag 30 mm/yr; 20 Ma to 36 Mag 25 mm/yro Integration of these rates over 

the last 36 Ma yields a total offset for the Cayman Trough of 1100 kmo The 

SOAM/NOAM offsets are derived from Figure 2o5o 

This model is highly speculativeg but it is the first attempt to 

incorporate all of the points mentioned above and to acknowledge the 

flexural history of the Venezuelan forelando Refinement of the model could 

come from palinspastic restoration of the thrust belts 9 and assessment of 

internal shear and block rotationso Existing paleomagnetic studies indicate 

that certain blocks within the southern PBZ have been rotated clockwise in 

association with dextral shear [Hargraves and Skerlecg 1980; Skerlec and 

Hargravesp .1980; Mazeg 1984; Maze and Hargravesp 1984; Hargraves et alas 

1984]o In generalg the model recognizes these rotationso Howeverp more work 

with specific tests in mind may further the understanding of shear tectonics 

as well as the southern Caribbeanvs evolutiono 
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Figu:.:-e G" '/ o Sequeni~:iaJ. C<=mozc:i.c development of r:o:cthen-;. South A.n.ieJ.·ica 0 

descr.:i. bed fu.:rlher' in text" A~ opening of Grenada Basin by north· ·south 
bac~·arc spreading. Arc system along cordilleran Colombia fed clastics 
to a major drainage basin which emptied into the Maracaibo basin area 0 

which was depressed by the advancing thrust sheets of the leading edge 
of the Caribbean Plate. Turbiditic flows continued far to lhe north. 
Vector triangle shows approximate relative plate motions. B: Eastward 
migration of the Caribbean Plate accreted the turbiditic flows to the 
already metamorphosed accretionary complex (Lara Nappes and Villa de 
Cura Complex). Continued motion progressively emplaced the accretionary 
complex onto the Venezuelan margin. C: Progressive southeastward 
emplacement of nappes may have been accommodated by general simple 
shear within lhe nappes complex" D: beginning of Andean Orogeny in the 
west mobilized blocks of the Cordilleran terrane. The Leeward Antilles 
islands were abducted onto the Caribbean Plate by perhaps 170 km (see 
chapter 7). E: in latest Pliocene. the Cariaco Basin started to form at 
a releasing bend~ the basin records a dextral strike~slip offset of 
about 100 km since that time. 
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NEOGENE BLOCK TECTONICS OF NOR1'HERi~ SOUTH AlvJERICA ~ 

Intx-oductio:n: 
' -- _-. 

Since the early Late Miocene. much deformation has occurred within 

northern South Americao This has led to the development of a South Caribbean 

plate boundary zone from the Gulf of Guayaquil to Trinidad. a wide zone of 

poorly defined seismicity. shear. extension and compression related to 

interactions between South America and thea ~elatively 5 eastward migrating 

Caribbean Plateo Generally. rocks within the plate boundary zone have 

migrated northeast and east with respect to South America as indicated by 

seismic studies [Pennington. 1981] and dextral offsets on many faults [Rod 1 

1956]o Because of the geological and topographical complexity of the zone. 

however. the offsets upon many of the fault zones have escaped direct 

a.s~~ssmcnto Scme of these offsets arc indirectly asse~sed he,e. Gy 

completing the vector sums of relative motions between plates. platelets of 

the Caribbean and continental blocks within the plate boundary zone. all 

with respect to a stable South America (Guyana Shield)o Possible tectonic 

rotations of blocks about vertical poles as suggested by paleomagnetism 

[Skerlec and Hargraves. 1980] are ignored because the rotations cannot be 

constrained to the Neogene. and because a clear understanding of these 

rotations has not yet emergedo 

Timill8_: 

Quantifying the northeastward migration of blocks within the Andean and 
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Venezuela11 Cordilleran terranes from Guayaquil to Trinidad is achieved by 

construction of several velocity triangles between the blo~ks in qt1~stion. 

Alternatively~ if an age can be esi:ablished for the initial motion along the 

faults separating the b~ocks aud platelets 9 we need only construct vector 

triangles of fault offsetD since that time. 

For the present p~rposes 9 an initiation age of 9 Ma is assumed for 

several reasons. First 9 magnetic anomaly 5 has an age of 9 Ma and the North 

America<·South America r.elati ve motion can be deduced by measuring the 

difference between the relative positions of these continents at anomaly 5 

and the Present. Secondu Caribbean-North American offset for the last 8.3 

million years has occurred across the Cayman Trough at a rate of 40 mm per 

year [MacDonald and Holcombeu 1978; Sykes et al.u 1982] 9 and very little 

error is involved in extrapolating the 40 mm/yr total spreading rate to 9 

Ma. Third 9 and most important 9 is that the primary features of the southern 

Caribbean plate boundary zone 9 which collectively comprise the deformation 

with which we are concerned 9 have developed within this period. In the 

east 9 the opening of the Cariaco Basin (pull~apart) by motion on associated 

dextral strike~slip faults (El Pilar and Moron) has occurred primarily 

during the Pleistocene [Schubert 9 1982]. To the west. the uplift of the 

Cordillera Central. Oriental. Occidental 9 Perija and Merida of Colombia and 

western Venezuela is well constrained to the Late Miocene and Pliocene (the 

last 9 to 10 million years). Structural and depositional studies indicate 

uplift 9 large~scale thrusting and strike-slip faulting. coarsening of 

terrigenous sediment 9 and general emergence during that time [Irving 9 1975; 

Bourgois et al •• 1982; Duque Caro 0 1972~ Campbell 9 1968]. Furthermoreo 

paleobathymetric studies of facies and fauna [Bandy and Casey 9 1973; 

Keigwin~ 1978] indicate coeval shallowing of 

emergence of the Panamanian Isthmus. The 

the Panama Basin and eventual 

cause of this uplift and 



?O'i 

P::=tnpm~ 

the att0rupted subduct:im~. of young~ b;10yan'i: cr.us-r. p:r:oduc2c\ a.t the Galapagos 

Spreadine Cent~~D ~hi.ch includes the Ca~n0gie and Cocos aseismic ricigeso 

With these considerations in mind 9 a vector triangle diagram for blocks 

of the southern Caribbean plate boundnry zone may be constructed (Figure 

7ol)o Each block of the system is portrayed in Figure 7ol as a point 9 with 

pairs of points being connected by tie lines representing the fault zones 

between the represented blockso The trends of the tie lines (fault zones) 

are measured directly from geologic maps 9 and their lengths are defined by 

the amount of offset 9 where known 0 along each over the last 9 million 

yearso Only those fault zones with proved offsets greater than 50 km have 

been usedo 

Both the tTPnrl end mqgnitude of relative motion of NoAm/SoAm and of 

NoAm/Colombian Basin for the last 9 million years are known fairly wello 

However 9 small circles defining the Cayman Trough and the North 

America/Colombian Basin relative motion [Jordan 9 1975] cross cut the Puerto 

Rico Trench in such a way that one would expect extensiono However 0 the 

Puerto Rico Trench is a transform fault with a compressional component 

[Schell and Tarr 0 1978)o Furthermore 9 an unknown amount of convergence at 

the Muertos Trough [Ladd and Watkins 9 1978] suggests even greater disparity 

bet\veen the trends of Cayman Trough small circles and North 

America/Venezuelan Basin relative motiono It appears that the Venezuelan 

Basin is behaving independently of the Colombian Basino Seismic studies 

[Sykes et alo 1982] indicate present overthrusting by the northern Lesser 
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offsets between biocko o ccrtte~n South Americ.s anct C.sribbecr regionu 
following methods of construction outlined in text. WI1ere necessary. 
tie :tines ar·e; chm:ci.s l:o sme.:U. \.:i.Tc:Ces of plc:.lc motions in the nox·the:(n 
South American area. a) Assuming no compression in the Me~ida Andes. 
b) A ' d · 1 h ' ' · ' n tJ.SSumlng no excn:L s cc:.r· J.n oa.sJ.ns sepa:r&l:lng l a:cB.guana <mci. 
Aruba·Drchila islands" ~) Preferred vector triangle diagram using 
values aud Lrends interpolated between the end members of a and c. 
Offset values i:n km; unde.r:·Uned values from pubEshed sources (below) v 

others inferred from triangle construction. Only published values 
greater than ~0 km are used. with an assumed east··west extension within 
Neogene basins sepa:raU.ns Pc:rr:aguana aud Aruba-·Roques islands of 50 kmo 
Dashed line in (a) which connects Central Cordillera block to Sotxth 
America-Maracaibo tie··line is net compressional component in the Andean 
Cordillera. largely witnessed in Eastern Andean Overthrust. Sources: E:C 
Pilar 8 Schubert [1982]; Ocag Tschanz et al. [1974]; Santa Martag 
Tschanz el al. [19!4]. Campbell [1968]; Cayman system, MacDonald and 
Holcombe [19!8], Sykes et al. [1982]; Barracuda and related fractures, 
~~~~tAr ?: R0q~~~ C?~yc~. ra~a ~~rl Hc!ccmb~ [1980] ~nd inf2rrcd 
offseto 
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B~sin ov2~ ~he last 9 million yeATS that is approximately pETalJel to the 

Pu2rto Rico T~ench (N83~). a No~th America/Venezuelan Basin tie line may be 

constructed whose trend differs from the North AmericR/Colombian Basin tie 

The likely location for relative motion between the Colombian and 

Venezuelan Basins is the Beata Ridge. A tie line constructed from the point 

representing the Colombian Basin that is parallel to the Beata Ridge 

intersects the North America/Venezuelan Basin tie line at a point which 

theoretically defines the magnitudes of both the Puerto Rico Trench and 

Beata Ridge offsets over the last 9 Mao By tdangle completion 1:1ith the 

North America/South America tie line. a South America/Venezuelan Basin tie 

line may be drawn that defines the trend (092) and magnitude (445 km) of the 

South America/Venezuelan Rasin nffsP~. ThiE motion occurred on ' 1 , 
L.Ut:: ;)dll 

Sebastian off northern Venezuela. although. to the east and lvest. the motion 

has been spread across a number of faults. such as the El Pilar and the 

fault along the northern margin of the Arraya~Paria Peninsula [Case and 

Holcombe. 1980]~ whose component motions are of lesser magnitude. 

An Orchila/Venezuelan Basin tie line may be constructed with the trend 

of Los Roques Canyon. which is defined on Case and Holcombe [1980) as a 

probable zone of dextral shear with questionable magnitude between the twoo 

It is suggested that the magnitude of the offset is 1'/0 km as measured from 

the northern margin of the Cariaco Basin (eastward continuation of the San 

Sebastian fault and southern edge of the Caribbean Plate proper) to the 

northern edge of the Orchila shelf 1 which is the distance by which the 



/.0~ 

lS 

n.ep,atJve [;!.'cndty anoma}.y to i:he north of the islcmd.s [F\m1in 0 19'/6]" 

Fu~thermo~eu Neogene sediments a~e highly deformed to thA west of Los Roques 

Canyon whereas to the east they are not [SUver et al.v 19"/S]o 

At this point 9 further vector triangle construction may logically 

follow two different paths 9 depending upon the amount of shortening that has 

accompanied transcurrent motions within the Merida Andesa Method one is to 

assume no compression so that the present trAnrl of the range is the 

direction of transcurrent motion (Figure 7.la)v and method two leaves the 

trend of relative motion as an unknown 9 so that the amount of compression 

may be deduced from vector triangle construction (Figure J.lb). In both 

methods 9 an internal extension of 50 km is assumed within the basins between 

Paraguana and the Aruba-Orchila islands 9 based upon their number, size and 

post·~L8tP lv{j_or.ene sedi!Ylenta;.y thic!cncsscs ( :r'Go-Codecido, 1971; Si 1 ver et 

al. 0 1975; Edgar et al., 1971]. In method one 9 a South America/Maracaibo 

block tie line of unknown length is drawn with the present trend of the 

Bocono-Merida system 9 and a line with the trend of the Roques Canyon tie 

line is extended beyond the Orchila~Roques block. The eastHard displacement 

of the Orchila~Roques block with respect to the Maracaibo block must equal 

the sum of the offset upon the Oca Fault and the inter~island basin 

extension; hence 9 a tie line with a length of this sum and the trend of the 

Ocav is drawn in its singular position from the Merida tie line to the 

Roques Canyon tie lineo Figure 7.1a shows that this tie line does not align 

with the point already defined for the Orchila~Roques block. Therefore" a 

dextral component of 48 km is inferred to have accompanied the extension 
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th~ L\t!U ccn . .st:ruct.s the 

method OD~o (ts wAstern end 9 therefore 9 defines the position of the 

MAracaibo blocku and construction of 2 South Ame~ica/Meracaibo tie line 

defines the offset of Maracaibo bloc::k relative to South Americao The 

transcurrent and compressional components within the Merida··Bocono system 

may then be deduced by measuring the difference between this constructed 

trend and the actual trend of the present day systemp as shown in Figure 

Once the main frameworks have been createdu hypothetical tic lines may 

be drawn between any pair of points in either diagram to obtain the 

approximate trend and magnitude of the relative motion between the 

represented pair of blockso For examplep a tie line drawn from the 

Colombian Basin to the Maracaibo block defines the amount and trend of 

subduction during the last 9 Ma beneath the lattero The predicted average 

convergence trc:nd ovc:.:- the la.st 9 Na of N44iv <:H.:eo:r:ds reasonably with the 

present convergence trend of NSOW plus or minus 10 [Kellogg and Bonini 9 

1982]o Alternatively? the components of motion between blocks 9 ioeo 

transcurrentp extension and compression? may be approximated in other cases 

by comparing the constructed tie lines defining relative motion and the 

actual trends of the faults upon which the motion has occurredo This was 

done in method two (Figure 7olb) to obtain the transcurrent and 

compressional components of the Merida systemo Similarly 9 the compressional 

component of the Eastern Andes Overthrust can be determined by construction 

of a line normal to the Merida tie line and intersecting the Central 

Cordillera block (Figures 7.lapb 9 c). Sinistral motion along the Santa Marta 

Fault and dextral ~otion along the Merida Andes has allowed the Maracaibo 



block to escape much of the romprPssiort seen in the Colombian Andes. 

and the Aruba· Orchil2 islands is p8stulnted due to Lhe:'.::· :i.n the 

However D a compressive component \·Ji thin the Med da Andes is \vell knmm. 

[ShagamD 1975]. Thus 0 we suggest that the best vector triangle diagram for 

the southern Caribbean plate boundary zone is one that falls about half way 

between the end member constructions of methods one and tvo 9 which is 

depicted in Figure 7.lc. Figure 7.2D which depicts the pre~Andean 

paleogeography of the blocks in question 9 has been constructed from values 

and trends of Figure 7.lc. 

Discussion~ 

The primary implication of this semi-quantitative analysis is that the 

Cordilleran Terrane of Ecuador 0 Colombia and '~estern Venezuela has migrated 

about 290 km tn thP nortbPast with respect to a stable cratonic South 

America in the last 9 million years. Dextral offsets of 250 meters have 

been measured upon Quaternary sediments along the Bocono Fault [Giegengack 

et al. 9 1976)] 9 and 33 km can be measured at a dextral offset of Rio Bocono 

[Rod 9 1956] 9 but no total transcurrent offset within the Merida Andes 9 of 

which the Bocono is only a presently active 9 relatively minor fault 9 has 

been postulated before. Studies of relative motions between South America 

and the oceanic plates offshore to the north and west should recognize the 

independent motion of this platelet. 

Figure 7.3 outlines the complex interactions between the blocks of 

northern South America and the Caribbean Plate during the northeastward 

migration of the Cordilleran terrane. Simply put 9 the leading edge of the 
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1. M<Jr<lcaibo 
2, Ar·u il~-Orchila ar·c 
3, Gu<Jj ir11 
1,, Pari.c ·· N. Yrinid<:d 
S, Car1tral/ Eastem Cordillera 
6, 11astarn Cordillera 
7, Panzrna arc 
C, Guyiltlil Shi(!ld 

- 0 

Figure 7.2. Pre-Andean (=9 m.y.b.p.) plate reconstruction of blocks 
comprising northern South America~ removing offsets~ relative to South 
Americap defined in figure 7.1c. Shorelines of Panama and 
Sino-Atlantica Basins dashed because they are Pliocene-Recent 
additio~8. F1upu~eJ recons~ruction proauces a straight 9 continuous 
limit of pre-Late Miocene thrusting and metamorphismp and aligns Late 
Cretaceous arc related plutons of Aruba~Orchila islands with those of 
onshore eastern Venezuela 9 although the latter may be anatectic in 
origin. Thrust sheets include sporadic remains of ophiolitic 
fragilieHL.'::i 9 1:1!::> sllowu. Because Blanquil.la presently lies east of Roques 
Canyon fault zone 9 it is considered part of Aves Ridge that hasn't 
collided with northern South America. No break between Margarita and 
the Lesser Antilles is indicated by geophysical data [Weeks et al. 9 

1971]. Rocks similar to those on Margarita may form basement of the 
southern end of Lesser Antilles arc. Ophiolite fragments in Margarita 
may have been tectonically extruded during the more than 1200 km of 
shearing between Caribbean and South American plates prior to the plate 
boundary's jump to El Pilar Fault Zone in Pleistocene time. The Late 
Cretaceous plutons of Tobago at the leading edge of Caribbean Plate 
indicate that a vvTobago block" has been abducted at some point during 
migration of the Caribbean Plate (G. Westbrook 9 personal communication. 
1984). The vector triangle at the Gulf of Guayaquil defines strike~slip 
and compressional components of the Cordilleran block relative to 
Guyana Shield. Inset~ Present outl~ne of South America 9 defining blocks 
and fault zones used in this ana]ysis. Heavy line defines pre~Andean 
(pre 9 Ma) continental shape. l 
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Figure 7o3o Schematic evolution of northern South America over the last 9 
million yearso A9 B and C are 9 respectively 9 paleogeographic 
reconstructions at 9 Ma (pre~Andean) 9 3 Ma (pre~ariaco Basin/El Pilar 
fault development) 9 and Presento Reconstructed offsets in A are from 
figure 7olC 9 those in B are interpolated between A and Co 
Caribbean/South America transform in A is the zone of incipient 
subduction~ the site from which the Venezuelan 1 Borderlands have been 
thrust onto the Caribbean Plate in Neogene timeo Strike~slip faults 
within the Cordillera Central· are ignored; their net offset over the 
last 9 Ma is inferred in Figure 7olo Some of the motion upon the Oca 
and Santa Marta faults has been accommodated by thrusting in the Perija 
Andes 9 and the eastern continuation of the Oca may die out within 
decollement zones within the folds of the Falcon Basino Progressive 
development of the Barbados 9 South Caribbean/Curacao and Panama 
accretionary complexes is inferredo 
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so d~ast~cally ~u 

me~ges ~~th the San Seba~tian fa~J.t ~onP~ t~e A~uh~Drctila is~and a~r he:s 

bee11 j.nt2:n:.ally deformed" !.'csulU.i1g iu dte fonnc:,~-.ion of '.~he small be:sir..s 

J.yi11g between the islands. Dextral and extensional motion within these 

basins has prevented a gap from opening between the islands and northern 

Vene~uela. Collectivelyv these motions have led to the obduction of the 

Arub&-Orchila islands onto the Caribbean Plate by about 170 km. The term 

obduction is preferred to 

Caribbean Plate [Burke 

subduction 9 owing 

et al. 9 1978] and 

to the buoyant nature of the 

to the fact that no 

subduction··related volcanism has yet occurred. It has 9 however. caused the 

development of the extensive South Caribbean~Curacao Ridge accretionary 

complex. The complex is composed of continental slope and rise sediments 

derived from South America and deposited upon the Caribbean Plate during its 

Cenozoic eastward migration. The site upon which the Cordilleran obduction 

was initiated was the original transform fault separating the Caribbean and 

South American Plates (Figures 7.1 and 7.?). Ohrluction ~as facilitated bj 

the fact that the Caribbean crust sits isostatically at 4 to 5 km below the 

adjacent margin. Hence 9 this transform. and evidence for its large offset 

since the Eocene. cannot be directly seen. Only the eastern. recently 

developed. relatively minor portion of the South American-Caribbean offset 

(Cariaco Basin. El Pilar and related faults) can be directly studied (Speed. 

1985] 0 

The prospects for petroleum discovery in the basins separating the 

Aruba-Orchila basins are poor. At the surface. these basins have an 

appearence similar to the small productive basins offshore California. 

However. because the crust in which they formed overlies the underthrusting 

Caribbean Plate rather than mantle. the basins may be expected to be quite 
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GEOLOGI~KINEMATIC MODEL OF CARIBBEAN EVOLUTION~ 

Introduction~ 

A Caribbean evolutionary model is outlined in 11 paleo~reconstructions 

with accompanying text, incorporating 

interpretations described in chapters 4-7o 

plate~tectonic elements and 

The model continues the Gulf of 

Mexico evolutionary story presented in chapter 3, beginning in the 

Berriasiano The initial shape of northern South America is that obtained by 

restoring Neogene fault offsets defined in chapter 7P and by removing the 

Western Cordillera 9 eastern Costa Rica-Panama Arc, and the Leeward Antilles 

islandsp until their times of respective accretiono 

Vector triangle diagrams (chords to small circles of rotation) 

accompany each reconstruction to show the magnitude and direction of motion, 

relative to North America, of the plates until the next reconstructiono The 

relative motion data of the larger plates are from chapter 2P and motions of 

the Caribbean "Plate" are deduced from the reconstructionso For the 

Neogene, Caribbean motion is also constrained by the spreading history of 

the Cayman Trough [MacDonald and Holcombep 1978]. 

The proposed evolutionary model: (figures at end of chapter) 

BerriasianP 140 Ma, Figure 8o1o 

Following the opening of the Gulf of Mexicop the Yucatan block became 
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part of the North Am~ri~Rn PlRt~ (NOAM) as spreading ceased in the Gulf. 

Starting in the Berr.:i.asian~ addiUonal NOAM···Gondwana plate separation 

occurred solely within a 11 proto-~Caribbean Sea 11 of the Atlantica Most margins 

of the pr·ot.:o-·Caribbean Sea had been formed by riftingp and predominantly 

carbonate deposits accumulated on the subsiding shelves throughout the 

Cretaceous. The proto~Caribbean ridge system connected the Central North 

Atlantic ridge system to plate boundaries in the Pacific realm. The latter 

are poorly kno~mp but sinistrally oblique subduction of the Farallon Plate 

beneath North America is indicated [Engebretsonp 1982]. Early Cretaceous 

calc-alkaline volcanism in the Chortis 9 Ni~aragua Rise-Jamaicap and 

Cordillera Central (of Colombia) arcs indicate subduction along the Pacific 

margino Hencep it is unlikely that the proto~Caribbean ridge system 

continued out into the Pacific; it most likely merged in an unclear way with 

the subduction zones at the Pacific-proto-Caribbean interface. 
p 

From M-21 to M=11 time (Tithonian to Valanginian)p a kink in Central 

Atlantic flow lines (Figure 2.5) indicates that the Central Atlantic's pole 

position shifted slightly to the west at that time. Such a shift 

theoetically should have caused compression at existing long left-lateral 

The geometry of the early transforms in the Atlantic spreading system. 

Atlantic· suggests that the Bahamas probably was the site of such a 

transform. It is suggested that this compression uplifted the oceanic crust 

in the area of the eastern Bahamas to the photic zone 9 and is responsible 

for the Early Cretaceous initiation of shallow-water carbonate deposition. 

Early Aptianp 119 Ma 9 Figure 8.2. 

Spreading and plate divergence continued in the proto-Caribbean 
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throughout the Early Crctnccouoa Development of the Bahamas was structurally 

controlled by the Central Atlantic spreading systema The motion of the 

Farallon Plate relative to North America became convergent by Aptian time 

(Figure 2ol) 9 and the previously sinistral tre~ch/transform system along the 

Pacific realm lengthened and became the site of Greater Antillean 

subductiono Metamorphic ages of 127 Ma on basic basement rocks in the 

Greater Antilles [Pardo 9 1975; Bowin 9 1975] may relate to the Early 

Cretaceous transform phase or to the inception of subductiono Initial 

polarity of the arc was probably southwest~facing 9 like the arc complexes 

along western Mexico and South America 9 so that the early Greater Antilles 

arc remained at the Pacific--proto~Caribbean interface 9 subducting Farallon 

crusta The plate-boundary junction with the Central Atlantic Ridge is 

unknown 9 but may have been connected to the Pacific trench systems by a 

transform 9 much like the situation in the present Andaman Seao 

To the east 9 plate separation began in the Equatorial Atlantic between 

northern Africa and SOAM 9 producing for the first time a three-plate system 

of the A1uericas and Africao This development 9 howeverp did not drastically 

affect NOAM-SOAM relative motion (Figure 2o5)o 

Late Albian 9 98 Ma 9 Figure 8o3o 

Carbonate platforms continued to develop along the margins of the 

proto-Caribbean 9 while arc activity continued along the Greater Antilles and 

Pacific margins of Mexico 9 Chortis and SOAMo The Bermeja ophiolitic complex 

probably was abducted from the Farallon Plate and accreted to the southern 

margin of the Greater Antilles at about this time [Mattson 9 1979] 9 but it 

may simply be an exposed portion of the oceanic basement of the Greater 
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Antillean arc system. The oceanic crust of the present Caribbean PlatP 1 

already created at Pacific :ridge systems~ t·Jas migrating towarrl the Ame:d.ca.s 

as part of the Farallon Plate" Basalts beneath seismi~ horizon B11 in the 

Venezuelan and posoibly Colombian Basins apparently were extruded onto this 

crust during Cenomanian-·Santonian time~ giving the Caribbean crust its 

thick 0 buoyant nature [Burke et aL 0 1978]. Seismic velocities beneath B11 

are intermediate between those of sediment and igneous rocks [Ludwig et al.~ 

1975~ Staffa et al. 0 1981] and may indicate interbedd~d sediment and lava. 

Off~axis volcanismp perhaps related to formation of seamounts as in the 

western Pacificp seems to have added this material to the pre~existing 

Caribbean seafloor. A speculative cause for the build up of heat which led 

to the widespread extrusion event is the Aptian to Albian period of little 

relative motion between the Farallon Plate and the mantle (see chapter 2). 

Early Campanianp 84 Map Figure 8.4. 

In the Early Campanianp relative motion between NOAM and SOAM 

effectively ceased due to congruency of pole positions and rotation rates 

defining the opening of the Central and South Atlantic Oceans. Hencep the 

ridge system in the proto-Caribbean probably became extinctp although it is 

possible that a subduction zone formed within the proto-Caribbean whose 

subduction rate and direction were equal but opposite to the rate and 

direction of seafloor spreading. The chances for this coincidental scenario 

developingp howeverp are seen as slim. 

The oceanic crust that had been injected and flooded by basalt in the 

medial Cretaceous (B 11
) began to arrive at the American and early Greater 

Antillean subduction systems in the Campanian. Along the Andean arcs of 



Mexico, Cho:rtts and SOAM, hj.ndered. fm bc!nr. t ·ion of i-hr-> hno:;rant masses o£ r:r.ust 

led to Laramide orogenesis (hi.ntc:>r~lc:nd th:tusd.ne) anc; to slep ·backs of ~:h2 

subduction ~onP. which abducted and eccreted portions of FaraJ.lon crust to 

American fOI·eaxc :regionso Examples of such abductions include the basement 

of Western Cordillera of Colombia 9 the Pinon Formation of Ecuador. and 

possibly the ophiolite drilled on DSDP Leg 67 off Guatemalao 

Along the Greater Antilles intra-oceanic arc. however 9 the buoyant 

crust choked the subduction zone. produced orogeny. and caused a polarity 

reversal or flipping of the area Remnants of the buoyant masses ,.,.hich 

choked the north~dipping subduction zone may be the basaltic basements of 

the southern Peninsula and San Juan block of Hispaniolaa These areas possess 

no evidence of Cretaceous magmatism that is clearly subduction~related. and 

where it is exposed in the southern peninsula. basement was extremely 

deformed prior to the Maestrichtian or Paleoceneo South-dipping subduction 

was initiated north of the Greater Antilles. probably during the Campanian. 

and crust of the present~day Caribbean Plate was allowed to enter the 

proto-Caribbean HreA., ''with thP Greater Antilles st its leading edgeo The 

new south-dipping subduction zone may have been initiated upon one of the 
. 
pre-existing fracture zones of the proto~Caribbean. which were approximately 

parallel to the trencho 

Subduction may have also began at about this time along the Pacific 

side of B" affected crust. whose volcanism upon the western edge of the 

Caribbean Plate has produced the southwest-facing Panama~Costa Rica arco 

The continued deposition of carbonates on the rifted margins of the 

proto~aribbean and no sign of volcanism (except for an odd intrusion in 

north~central Yucatan Peninsula) suggests that the active volcanism of the 

leading edge of the Caribbean Plate (Greater Antilles) was still located 

outboard of the proto-Caribbeano This 9 in turn. indicates that the trailing 
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edge of the Ca:ri hhP:o1n P1 ,qte (Panama· -Costa Ric0.) \"10.::> loc.atP.d further· out: J..u 

the Pacifjc.a as are thA Tonga-~ermadec and Mariana E!:CCS Loc1ay" A. 

O'Wfle· "and· -effect rela.t:i.co.ship perhaps existfl betvJeen the comp:n::ss:i.on 

resulU.n.g ft'On.! Lhe cho!d.ng of the Greater Antil10s arc and the incepU.on of 

subduction at the Panama·,Costa Ricea 

Polarity reversal in the Greater Antilles arc must have been 

structurally and spatially accomodated within the arc; most island arcs are 

convex towards their facing direction~ and a change in polarity implies a 

corresponding change in arc-convexity. The change is probably responsible 

for several geological relationships in the Greater Antilles. First 9 

Campanian through Paleocene unconformities are widespread throughout the 

Greater Antilles~ and Late Cretaceous exchange of terrestrial fauna between 

North and South America accompanied this phase of uplift [Bonaparte. 1984]. 

The Greater Antilles apparently provided an effective land bridge between 

Mexico and South America. Second. some areas of the Greater Antilles became 

volcanically inactive following reversal (Eastern Cordillera~ Dominican 

RepnbJ ic), ,,.,heree.s others became active (Av::::o Ridge). This obse.cvaLlon 

relates to the termination of one plutonic axis and the initiation of 

another 9 within the same general arc terrane. Third. several radiometric 

ages on blueschists in Cuba and in northern Dominican Republic point to Late 

Cretaceous (Campanian) [T. Barros 9 pers. comm. 9 1985; Joyce 9 1983]. The 

blueschist occurrences may relate to rapid uplift from subduction-zone 

choking in the south and also to subduction initiation in the north. 

At this point~ it is worth mentioning that the number of individual arc 

terranes 9 which formed at distinct subduction zones. that are present in the 

Greater Antilles arc complex is still unresolved. At least three major 

discontinuities exist which could be interpreted as potential sutures which 

closed at different times. These are the Cauto Basin of Cuba (Paleogene) 9 
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the Lorna Caribe P~rirln~itP of Hispaniola (Late Cretaceous). and the 11Eoccnc 

Tect.onir. BPJ.i: 1
u of Pt'P:::-to Rico (Eocene). IIc•:Jever 9 they runy also b2 

interpreted simply as ~o~es .c 
0.1. extens:l.onalu comp~essional? or strike slip 

displacement w:i.t:hin a single original arc system. 'fhe Lorna Caribe j.s of 

particular relevance to the Campanian 8 as this is when it and related 

structures primarily developed [Draper and Lewis 9 l980]. The Lorna Caribe is 

a linear belt of ultra-mafics that defines more or less the northern margin 

of the Cordillera Central magmatic arc of Hispaniola [Bowin 9 1975]. No 

associated melange or blueschists typically associated with subduction are 

known in the area 9 although the development of the adjacent Arnina Schist 

probably is closely associated [Draper and Lewis 9 1980]. It appears most 

likely that the Lorna Caribe formed by compression with possibly a 

strike~slip cornponent 9 thereby raising a linear zone of arc-basement to the 

surface. as an accornodation structure during the period ·of arc~reversal. 

The uplift of the Lorna Caribe and the development of the Arnina Schist 

probably relate to backthrusting ~f rear-arc sediments during the reversal. 

rather thRn to subduction accretion during actual subduction. As for the 

other major arc dislocations. it was outlined in chapter 6 that the Cuban 

Cauto Basin is the pivot point for the opening of the Yucatan intra-arc 

basin. and that the Puerto Rican Tectonic Belt is a zone of strike-slip 

shear related to development of the north Caribbean plate boundary zone. 

Hence. the Greater Antilles is viewed here as a single arc complex which 

possesses no sutures defining the existence of former oceans. 

Late Campanian. 72 Ma. Figure 8.5. 

Northward migration of the Greater Antilles with respect to North 
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lime rico. Campnn1an time l3 hy t:hr; onsF:t of the 

coll:is:i.o~ a;:- c. terra.n2 and the pn=.!v::i.ously 

south· ·facing .stable em bonate shelf of southe:t·u Yucgtan (see che.pte:(' 6) o 

Continued co~vergence led to 9 by the Maest~ichtian 0 the oblique obduction of 

the Santa Cruz and other op_hiolitic bodies into the Sepu~ foredeep of the 

oouth··facing shelf of Yucatan (Motagua Suture Zone)o The Santa Cruz may have 

been part of the forearc of the a western extension of the Cuban arc 

complexo The majority of the Greater Antilles arc 9 which had avoided 

collision with Yucatan 9 continued to migrate northeastward 9 toward the 

Bahamaso 

In northwest South America, most of the oceanic crust of the Western 

Cordillera of Colombia and Ecuador had been emplaced by this time 9 and South 

America-Caribbean relative motion occurred outboard of the \vestern 

Cordillera at a new trench systemo 

Also important at this time was the formation of the Aves Ridge arco 

As the eastern Caribbean Plate advanced northeastward beyond SOAM 9 the 

Greater Antilles trench proeressively lengthened. and subduction at the new 

portion of the trench is responsible for the intrusion of plutons into the 

eastern margin of the Caribbean Plate (Aves Ridge)o This subduction also is 

responsible for the emplacement of intermediate plutons of the Leeward 

Antilles arco The Aves and Leeward Antilles 11arcs 11 became separated 

probably in the Eocene by north~south intra-arc spreading in the Grenada 

Trough (chapter 6)o 

In the Costa Rica-Panama arc system 9 there is sufficient evidence to 

conclude that subduction was underway by the Late Campanian (Figure 6o3)o 

Hence. by this time the Caribbean Plate was defined and was capable of 

independent motions relative to the other plates in the systemo 



Lete Paleocene. ~9 Ma. Figur~ 8,6. 

Cax:i. bbcan Plate conU.nued wig:cating · e.pproxiwa.tcly t:o the 

ea.st··northeastp subducting oceanic crust of the proto·~e~ibbean. Yucatan 

Basin opened by intra-arc spreading 9 or extreme attenuation of Greater 

Antilles arc crust 9 between Cuba and Cayman Ridge9 extension was 

north,,rest·~southeast [Hall and Yeung 9 1980] o The bulk of the Cuban portion of 

the Greater Antilles magmatic arc was left in the Cayman Ridgep or is 

presently submerged beneath Cuba 1 s southern shelfo The Cretaceous volcanic 

assemblages of onshore Cuba may represent the forearc complex only 9 so that 

rifting occurred nearly along the arc~forearc interfaceo Trends and 

magnitudes of relative motions in the three~·plate system NOAM-Caribbean~Cuba 

that describe the opening of Yucatan Basin may be defined by vector 

Com_,,_,_l.O"' (Fl·~ .. ~~ c. I. l·"'~"+-'1 
p.L~l- u QU.Lt..- vo-.-s 1A~'-L../ o 

The Yucatan block prevented simple east-northeast motion of Chortis and 

Nicaragua Rise/Jamaica with the rest of the Caribbean Plate; the sinistral 

shear-couple deformed the latter internally during the Paleogene (Wagwater 9 

Montpellier Troughs 9 rifts of Nicaragua Rise) [Mann and Burke 9 1984a]o 

Chortis-Garibbean relative motion may have occurred primarily along the Hess 

Escarpment 9 accompanied by compression in the Nicaraguan Rise 9 so that by 

Eocene time the Chortis and Costa Rica-Panama subduction zones aligned to 

form the Middle American Trencho Hence 9 volcanism ceased in the eastern 

Chortis and the Nicaragua Rise-Jamaica arcs by the Eoceneo The original 

northeastward extension of the Hess may have traced between Jamaica and the 

southern peninsula of Hispaniola; the Cretaceous histories of the two are 

very different 9 and their present proximity may be due to strike-slip 

juxtaposition by motion on the Hesso Subsequent Cenozoic strike~slip within 

and along the south side the southern peninsula of Hispaniola possibly has 
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obscured 'ChiB inttial relaLiutlship o RP.stnr·aticn of about J..')O km of offR~~~ 

tho:ce real:l_gns the Heus 1·d.U: i:.:he fW!J bPt\·Jf:f:TI Jurna.lca aP..c1 southP..-:·n 

Hispaniola 0 and provides an possible explangtion for the significance of the 

pz·oblematic Hess Esca:cpmont. As much a.s 48 km has occurred only since 2..2. Ma 

[Sykes et aLv J.98/,~ Mcmn et aL 9 1984]. About lOO km of earlier. Ter.U.ary 

(Early Eocene?) motion is postulated to have occurred along the southern 

peninsula. 

In northern SOAM 9 obduction of the western equivalents of the North 

Venezuelan nappes (forearc complex of the Leeward Antilles arc) onto the 

South American margin was beginning 9 leading to load-induced subsidence and 

flysch sedimentation with a continental source in the Maracaibo area (Figure 

6.7). This was accompanied by the initial development of the Grenada Basin 

(Figure 6.5). Late Cretaceous deformation and metamorphic ages from the 

North Venezuelan nappes relate to the accretionary prism stage of their 

development and to partial collision with the Western Cordillera 9 when the 

nappes were located to the west of northern South America 9 and not to the 

actual emplacement onto the Venezuelan margin. 

The opening of both the Yucatan and the Grenada intra-arc basins was 

the mechanism by which the Caribbean Plate accomodated the shape of the 

proto~Caribbean basin 9 after having entered from the Pacific through a 

smaller gap. Intra-arc basin formation was probably initiated by subduction 

zone roll-back or trench pull; it seems that it was kinetically "easier'' to 

rift the arc complexes than to tear new transforms 9 or "railroad tracks 9
11 

into the proto-Caribbean oceanic crust. 

Middle Eocene 9 49 Ma 9 Figure 8.7. 
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ThA Middle Eocene 13 marked by the terminetion of collision between the 

G~~atAr Antilles and Bshamas Pl~tfn~m" Thio rcconutructic~ is const~sined by 

1) restoring 1100 km of offset jn Caymau Trough 0 ~) align~cnt of i~te 

Cretaceous-Eocene subduction-related plutons throughout the Greater Antilles 

and Aves Ridge, and 3) sedimentary facies changes across the islands (Figure 

6.6)o Extension in Yucatan Basin ceased as Cuba carne to rest against the 

Bahamaso Volcanism shifted eastwards from the Aves Ridge at this time, and 

ensued in the Lesser Antilles arc. It began in the Eocene in the northern 

Lesser Antilles, but lagged until ?Oligocene or Early Miocene in the south. 

This may relate to the opening of·Grenada Basin, which accounts for a lesser 

subduction rate in the south during the Eocene. 

In the Middle to Late Eocene, just after the Antilles~Bahamas 

collision, east~northeast migration of the Caribbean Plate relative to NOAM 

continued along a new plate boundary systemo This system became the 

northern Caribbean plate boundary zone (northern PBZ, Figure 6o6), in which 

the Cayman Trough nucleated by the Oligocene as a pull-apart basin between 

Yucatan and Jamaica. Cuba, the Cayman Ridge, and the Yucatan Basin 11ere left 

as a part of the North American Plate with the development of this PBZo 

Progressive development of the Barbados accretionary prism is due to this 

plate migrationo Quartzose sands of the Piemontine nappes of central 

Venezuela and the Scotland District of Barbados were accreted to the arc 

complex in the Eocene, and probably originated from western Venezuela where 

Precambrian acidic massifs were exposed at the timeo 

By the Middle or Late Eocene, the trench systems the Chortis and Costa 

Rica~Panama arcs were aligned, and the Middle American Arc developed above a 

single subduction zone. Also 9 about 100 km of motion along the southern 

side of the southern peninsula of Hispaniola is postulated to have offset 

the Hess Escarpment from the gap between Jamaica and the Southern 
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NOAM"SOAM relative motion since the Eocene has been minor when compared 

to motion of the Caribbean with respect to the Americas. Where the North and 

South American Plates are in contact along one or more fracture zones to the 

east of the Lesser Antilles Arc 1 relative motion of 200 to 300 km has been 

dextrally convergent (Figure 2.5) 1 but a well·-defined North America/South 

America plate boundAry does not exist at present. 

Eastward migration of the Caribbean Plate relative to NOAM and SOAM 

following the Eocene is indicated by subduction-related magmatism in the 

Lesser Antilles. In the northern PBZs the Cayman Trough progressively 

developed by seafloor spreading at the Mid~Cayman Spreading Center 1 which 

linked transform faults that connected the Middle America and Lesser 

Antilles subduction zones. These transforms have wandered in the past. 

.D.U 

forming anastomosing fault systems across central Guatemala 1 in the wests 

and Hispaniola/Puerto Rico in the east (Figure 6.6). Large offset 

transcurrent motions between blocks of Hispaniola are indicated by 

drastically differing Tertiary sedimentary facies presently juxtaposed . 

across fault zones. The primary offset during the Late Eocene and Oligocene 

occurred along the northern San Juan Boundary Fault 1 which juxtaposed the 

San Juan block with the Central Cordillera arc by early Miocene times as 

indicated by flooding of arc-derived clastics into San Juan Basin [Michaels 

1979; Coopers 1983]. Motion upon eastward extensions of this fault system 

separated Puerto Rico from central Hispaniolas and brought an arc-derived 

fragment of southwestern Puerto Rico into juxtaposition with central Puerto 



279 

Ri~o (Eocene Tectonic Belt). 

In the southern PBZQ caotvard mieretion of the CRrfbbPan progresAfveJy 

lengthened the ~one of Caribbea•~·SOAM interaction. Thrusts of the North 

Venezuelan nappes have been emplaced southeastwards onto the Venezuel.an 

margin since the Eocene 9 diachronously to the east. Subsidence of the 

Venezuelan shelf near Maracaibo is Paleocene-Eocene [Zambrano et al •• 191~]~ 

and subsidence in the East Venezuela Basin is Miocene~·Pliocene [Vierbuchen 9 

1984]. This thrusting was followed by shear tectonics at any given point 

along the zone of interaction between the Caribbean and SOAM. A transform 

between the Caribbean Plate and South America progressively developed after 

thrust emplacement. The Falcon (Oligocene) and Cariaco (Pleistocene) Basins 

are two examples of pull~apart basins developing in previously overthrust 

areas. 

Early Miocene. 21 Ma. Figure 8.90 

Migration of the Caribbean Plate and associated plate boundary zone 

development continued. The predominant zone of motion through Hispaniola 

during the Miocene was along Sierra Neiba; by the Late Miocene. uplift in 

Sierra Neiba had structurally separated the San Juan and Enriquillo Basins. 

The logical eastward continuation of this fault system is the Muertos 

Trough~ which recently has become an overthrust zone. 

In the south~ the Lara~ Villa de Cura. and Piemontine nappes were 

emplaced onto the Venezuelan shelf~ overthrusting the Oligocene-Miocene 

foredeep basin. 

Out in the Pacific, spreading was initiated at the Galapagos spreading 

center 9 although its eastern portions have already been subducted and, 
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there£ ore P its :rela tiorwitl JJ Lu plate is 

By this time 1 the blocks of Hispaniola were nearly assembled. For the 

first time 0 siliceous gravels derived from a plutonic source in the 

Cordillera Central reached the Fonda Negro Basin (Trinchera Formation) of 

the southern peninsular block [Cooper 1 1983]. The Cayman Trough was 

well~developed and still extending, and the Panama arc had begun to collide 

with Colombia. The arc terranes of Cuba and Hispaniola were probably 

separating by this time by transform motion along the present~day Oriente 

Fault" Compression has dominated further development in the Sierra 

Neiba/Enriquillo systems 1 contributing to the present-day complexity of the 

northern PBZ. Seafloor spreading at Galapagos Ridge of the eastern Pacific 

since the t:arly i"liocene had crealed a you11g, buoyant swath of o::ennic crust 

with t1vo aseismic ridges of excess volcanism, which entered the Panamanian 

and Ecuadorian subduction zones in the Middle and Late Miocene. The arrival 

of Panama and this buoyant crust has partially choked the subduction zones, 

thereby driving blocks of the Andean Cordillera northeastwards 1 from the 

Gulf of Guayaquil to the Venezuelan Andes. This mobilization has played a 

major role in the neotectonic development of the Caribbean. 

Present, Figure 8.llo 

Over the last 9 to 10 million years, the Caribbean region, primarily 



the uurLlJe1u and southern Caribbean PBZs, has undergonP RPvRrP dAformation. 

Recent pe~iod of Caribbeen tectonism 9 aR ~t continues today. 

Neo·~aribhean tectonism is widespread. Throughout the northern PBZ. it 

is characterized hy sinistral transpression end development of pull-apart 

basins along many sinistral strike··slip faults. Deformation is most severe 

in Hispaniola. where elevations exceed 3.000 meters and Pleistocene reef 

debris has been found at 650 meters [Cooper. 1983]. Also. drastic relief and 

active seismicity through the Motagua Valley of Guatemala indicate 

considerable plate motions there too. The eastern Cayman Trough and the 

Venezuela Basin have been recently overthrusted by Jamaica and an 

accretionary complex at Muertos Trough. respectively. Both compressional 

regimes are accompanied by sinistral components of strike~slip motiorr. 

In the southern PBZ. Nee-Caribbean tectonism is more complex and 

variable. Like a mirror of the north. dextral strike~slip faults with 

transpressional and transtensional segments are common. and the Venezuelan 

and Colombian Basins have been overthrust by the South CaribbeRn and Panama 

accretionary complexes. respectively. However. these aspects merely 

accompany developments of greater significance. Onshore northern SOAM. many 

linear fault systems and mountain chains extend from the Gulf of Guayaquil 

to Trinidad. Some of the faults possess known offsets. whereas offsets on 

others and within some linear mountain belts are unknown. although 

strike~slip motions are usually indicated by seismic studies [Aggarwal. 

1983]. In chapter 7 9 a 9 Ma (pre-Nee-Caribbean Phase) paleogeographic 

reconstruction of various blocks was derived by restoring known offsets and 

other displacements as determined by vector triangle completion. The 

Cordilleran Terrane of northwest SOAM has migrated 290 km northeastward 

relative to Guyana Shield during the last 9 Ma. This and associated motions 
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have dominat~d rlev2lopmcnt of the southern Caribbean PBZ. The ~AURP of thiR 

tl!o'ci.o:.1 pi'esumably :i_.s t:h0 J,Ate MiocE=m0 choking of t:he Ai.Jato snbclucd_o:n zon8 

by tha Panama arc and the buoyant ~rust and aseismic r~dgea created at 

Galapagos Ridge (Figure 6.1). Associated with these translations is the 

mo:rphologic change of eastern Pagarna as outHn.ed by \vadge and Burke [ 1983]. 

Within the Caribbean Plato itselfg uplift and possibly strik~·slip 

motion are occurring at the Beata Ridge and Hess Escarpmentg but few details 

are known. These features are probably sites of differential motion between 

the Venezuelan and Colombian Basins and the Nicaragua Rise. 

The Nee-Caribbean Phase of deformation results from interaction between 

the Caribbean and the Americas and from general compression which can be 

related to at least three causes. Firstg NOAM-·SOAM relative motion vectors 

(Figure 2.5) show convergence during the Neogeneg which constricts the 

Caribbea Plate. Secondp the restraining bend in the Oriente-Puerto Rico 
\ 

Trench transform fault northeast of Dominican Republic [Bracey and Vogtp 

1970] constricts the eastward migration of the north-central Caribbean and 

is responsible fo~ much transpression in Hispaniola. The eastern Dominican 

Republicp which has already passed this bendp has relatively subdued 

topography. Thirdp and most importantp is the northeastward migration, 

relative to the Guyana Shieldp of the SOAM Cordilleran Terrane. The 

compression induced upon the Caribbean Plate by this motion is 

north-northwestp because the Caribbean Plate possesses an eastward component 

of motion relative to the Guyana Shield that is slightly greater than that 

of the Cordilleran Terrane (chapter 7). Along the El Pilar fault zone of 

eastern Venezuela and Trinidadp where the Caribbean and South American 

plates come into contactp the relative motion of the two is slightly south 

of east [Aggarwalp 1983]o The strike-slip component is largely taken up 

along the El Pilar Faultp whereas the compression occurs on folds and 



thrusts in th~ l:u_=tF1i n tn the south of the F.l. PjJ.ar. rcase and Holcombe~ 1980] o 
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SUMMARY 9 DISCUSSION 9 CONCLUSIONS? UNRESOLVED PROBLEMS~ 

Despite several unresolved details regarding local evolution 9 it 

appears as though the Gulf of Mexico evolved by the rotation of the Yucatan 

block away from the U.S. Gulf Coast abo~t a pole in northern Florida 9 and 

that the Caribbean Plate originated in the Pacific during the Cretaceous and 

migrated during Late CrP-taceous~Cenozoic time into its present position 

between the Americas. 

The relative motion history between North and South America (Figure 

2.5) can be broken into three distinct phases. From the Middle Jurassic to 

the Campanian 9 South America diverged from North America in an 

east~southeast direction. From the Campanian to the Eocene 9 little or no 

relative motion occurred 9 but minor (200 Qkm) sinistral convergence is 

perhaps suggested. Since the Eocene 9 South America has converged by about 

200 to 300 km with North America in a west-northwest direction 9 achieved by 

convergent dextral slip along the Barracuda 9 Tiburon and other related 

fracture zones. The crust being subducted at present beneath the Lesser 

Antilles is Late Cretaceous in age. 

Three general phases of Gulf/Caribbean evolution can be recognized that 

coincide with the three phases of North America-South America relative 

motion history. During the Jurassic to Campanian 9 rifting and development 

of passive carbonate shelves formed along circum~Gulf and proto-Caribbean 

continental margins 9 associated with the separation of North and South 

America 9 Yucatan and the Florida Straits block. Early Cretaceous crust of 
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the C3.r:i.bbcon Plnte fm:med iu i:he Pocific Basin and vra::; intruded by medial 

Cretacea~s baoalts (seismic horizon ~~), to the west of South America. From 

the Campanian to the Middle Eocene 9 compressional tectonism 9 continued arc 

volcanism and development 9 and arc-~ontinent collision was associated with 

the migration of the Caribbean 11Plate11 into the protoc·Caribbean realm. 

Since the Middle Eocene, the Caribbean Plate has migrated eastwards relative 

to the Americas at 2.5 to 4 cm/yr 9 with much strike-slip deformation in the 

northern and southern Caribbean plate boundary zones. Arcs have developed 

along the leading (Lesser Antilles) and trailing (Middle America) edges of 

the Caribbean Plate by subduction of Atlantic and Farallon/Cocos oceanic 

crust 9 respectively. That the Caribbean Plate is exotic with respect to the 

proto~Caribbean 9 having formed prior to its entrapment amidst the Americas 9 

precludes the possibility of magnetic anomalies in the Venezuelan and 

Colombian Basins having any direct bearing upon plate boundary schemes 

related to the evolution of the Caribbean region sensu stricto. 

A Middle Miocene to Recent period of orogenesis 9 referred to here as 

the "Neo· Caribbean phase of defo:nnation 9 !! has developed across the Caribbean 

region. The Greater Antilles have undergone rapid rates of uplift 9 crustal 

blocks within the Andean terranes of South America have undergone 

large-scale (>100 km) transpressional and transtensional strike-slip 

movements, pull-apart basins have developed throughout the northern and 

southern plate boundary zones, and the Caribbean Plate has been deformed 

internally at Beata Ridge and Hess Escarpment. The 

(1) interaction between the Caribbean and the 

deformation results from 

American Plates 9 (2) 

compression caused by post-Eocene convergence between North and South 

America 9 (3) northeastward migration of the Andean Terranes of northwest 

South America, and (4) convergence at the Hispaniolan restraining bend along 

the Oriente~Puerto Rico Trench transform northeast of Sarnana 9 Dominican 
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Discussion~ 
.._ -"-- -- - ~ - > 

This study illustrates the methodology of developing models for 

regional evolution of complex interplate realms by integrating local and 

regional geology into a plate~kinematic framework provided by paleopositions 

and relative motions of major plates. The plate-kinematic framework 

provides first~order geometric constraints on proposed modelso 

Paleopositions of continents encompassing the area in question provide the 

size and shape of the interplate rP.alm at different times. whereas the 

relative motion history of encompassing plates provides the rate and 

direction of change of the size and shape of the interplate realm. 

Plate-kinematic frameworks in general are constructed by determining 

poles of rotation for various times from marine magnetic anomalies and 

fracture zone traces that define former configurations of Atlantic-~type 

oceans. However. these frameworks can be made significantly rno~e accurate, 

particularly in the early stages of relative motion, by refining the 

original pre-rift reconstruction of all of the continents involved. This is 

achieved by considering and incorporating the palinspastic effects of (1) 

syn~rift extension within continental margins, and (2) post-rift changes in 

the initial shapes of the blocks and continents that are caused by 

compression, extension, strike-slip, accretion, or tectonic erosion. The 

Gulf of Mexico provides an example of the importance of syn-rift extension 

to the relative motion framework; only about half of the total separation 

between Yucatan and the U.S. Gulf Coast was accomplished by seafloor 

spreading, whereas the other half was achieved by intracontinental 

extension. Purportedly "closed" reconstructions using the present-day 
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ocean·~nntin~ot boundaries de this lwpuctant factor. 

Likewise, northern Sc~th Am~Tjr~ po~t~ays the impo~tancc of post··Tift 

chanees in shspe; the Andean terranes have moved northeastward by as much as 

?90 km 0 and thousands of square kilometers of land area have been accreted 

from the Farallon and Caribbean Plates. Plate-·kinematic analyses for other 

:i.nterplate realms such as the Mediterranean also should integrate these 

considerations. 

Using the plate-kinematic framework for North and South America and the 

Farallon/Cocos Plates as a basis" the Gulf of Mexico/Caribbean evolutionary 

model has been derived by the integration of first-order plate tectonic 

elements. In the Gulf of Mexico. the diRtribution of salt, oceanic crust, 

and attenuated continental crust, and fault zones and their styles, were 

used to show how the Yucatan and Florida Straits blocks migrated away from 

the U.S. Gulf Coast. No subduction assisted with the Gulf's development, and 

assessment of its formation is relatively simple when compared to the 

Caribbean. 

In the Caribbean area, an early Atlantic-type rift a11d d~i[t hi~tory of 

the proto-Caribbean Sea is overprinted by the entrance from the Pacific and 

eastward migration of the Caribbean Plate sensu stricto. The 

proto-Caribbean's tectonic history can be deduced from the relative-motion 

history of North and South America, but the tectonic history of the 

Caribbean Plate cannot. To achieve the latter 0 first-order plate-tectonic 

elements pertaining to the Caribbean Plate were integrated into the relative 

motion framework of the America's and the Farallon/Cocos Plate. 

Such first-order plate~tectonic elements for I the Caribbean include 

plate-motion indicators such as (1) the intervals of active subduction and 

polarity of the various Caribbean arcs, (2) the timing of collision between 

the arcs and the margins of the proto-Caribbean, as indicated by the 
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geometry, timing and structural development of LelL~ containing pieces of 

oreanic crust, (3) the mode and timing of formation of the Yucatan, Grenada 

and Cayman basins, aJl of which arc, or have been, sub--basins of the larger 9 

primary Caribbean Plate, and (4) the recognition of sites of large--scale 

transcurrent offsets since the Eoceneo 

The proposed evolutionary model for the Gulf and Caribbean is highly 

dependent upon _two, critical factorso The first is the proposed Equatorial 

Atlantic reconstruction that is tighter than that of Bullard et alo [1965]o 

This fit more satisfactorily rejuxtaposes the Guinea and Brazilian margins, 

but it also requires that Africa behaved as two plates during the Early 

Cretaceouso Evidence for this certainly exists [Burke and Deweyp 1974; 

Pindell and Dewey, 1982], but the total amount of internal deformation 

within Africa has yet to be quantifiedo The second critical factor is the 

assumption that the Cayman Trough records large amounts of relative motion 

between the Caribbean and North American Plateso Depending on the particular 

evolutionary model usedp a minimum of 800 km of motion along the Cayman 

Trough is required in order for the Caribbean Plate to have originated in 

the Pacific realmo In the modelling presented hereinp 1050 or 1100 km is 

assumedp for evidence to the contrary is non-existentp with additional 

transcurrent motions occurring elsewhere in the northern Caribbean plate 

boundary zone as wello If offsets greater than 800 km are eventually 

disprovedp a Caribbean evolutionary model that is in situ with respect to 

the proto-Caribbean area must be acceptedo 

Conclusions: 

Several conclusions may be drawn from the Gulf of Mexico/Caribbean 

evolutionary modelo These are listed belowo 
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l) The fjnite difference method [Dewey~ 1975] ha~ been employed throughout 

this study. It ha.s been nsed to dete:cmlne the rela'i:i ve paleoposLior.~ 

of North and South America through the three-plate circuit including 

.Africao It has also been used to predict the net motion upon fault 

systems or plate boundaries in poorly understood three~or"moreL·plate 

systems 9 such as the Neogene development of the southern Caribbean 

plate boundary zone 9 and the opening of the Yucatan and Grenada Basinso 

The finite difference method is useful at any scale, and provides an 

important tool for the deduction of paleogeographic scenarioso 

2) The geometry of plate separation between North and South America was such 

that a sinistral shear couple existed across the early interplate 

realm. The Yucatan block rotated in a counter-clockwise sense during 

the period over \.rhich it WRR i '1. contact \•lith the m<1rgins of both NUL iJ1 

and South America 9 which is compatible with sinistral shearo Other 

rotations of this kind on a regional scale include Iberia between 

Europe and Africa in the Early Cretaceous 9 and the Jan Mayan Ridge 

between Europe and Greenland during the Tertiary. Such cause·-and-effect 

relationships concerning the relative motions of tortionally rigid 

plates suggests that the underlying mantle has little control on the 

evolution of plate mosaics. 

3) Rift-related salt deposits in the Gulf of Mexico occur primarily in 

realms of attenuated continental crust as defined by seismic reflection 

and refraction methods [Buffler et al. 9 1980, 1981; Ibrahim et al., 

198l]o ThUS 9 reconstructing 

depositional limits of salt, 

boundaries defining 

prior to halokinesis, 

the original 

is useful for 

estimating paleogeography at the onset of seafloor spreadingo The Gulf 

of Mexico provides an example which, despite salt migration beneath 
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Sigsbee Escarpment, suggests that in areas of poorly knmm basement 

structure, the occurrence of salt deposits may be used to roughly 

approximate the extent of attenuated continental crust. However, this 

may not be the case for the eastern Brazilian margin. 

4) Throughgoing, deep-water circulation between the Atlantic and the Pacific 

Ocean, via the Caribbean. might never have occurred. In the Early 

Cretaceous, this would have depended upon the bathymetric expression of 

the early Greater Antilles island arc. During the Campanian to 

Maestrichtian interval the Greater Antilles most certainly should have 

prevented circulation. As the Aves Ridge. in its early stages as an 

arc, passed northwest South America in the Paleocene, deep circulation 

may have been possible, depending upon the 

the young Aves Ridge. Dredge hauls of 

bathymetric 

Middle Eocene 

expression of 

shallow-water 

carbonates from Aves Ridge, however, demonstrate that by that time the 

ridge had become shallow [Fox and Heezen, 1975]. Since the Eocene, the 

Aves and Lesser Antilles ridges have clearly prevented deep-water 

circulation. Circulation between the Pa~ific and the water above the 

Caribbean Plate was unhindered until the Middle Eocene 9 with the 

deposition of siliceous pelagics in both until that time. In the 

Middle Eocene 9 however. pelagic sedimentation in the Caribbean changed 

and the top of the Early Eocene siliceous cherts and micrites is 

observed as seismic reflector A" in the Caribbean Basins [Edgar et al., 

1971]. No such change occurred in the Pacific. It is suggested that the 

transform/trench system connecting the Costa Rica/Panama arc to the 

South American trench system was of sufficient bathymetric expression 

to have interrupted deep water circulation and the entrance of silica 

rich waters into the Caribbean. Such bathymetric expression is common 

at long oceanic transforms [Hegarty et al., 1983]. 



5) Migrations of terrestrial vertebrate fauna between North and South 

The [,ate Cretaceous migration of dinosaurs probably occurred across the 

Greater Antilles from Mexico to northwest South America 9 during the 

period of arc polarity reversalo The Eocene migrati6n of rodents 

occurred along the Greater Antilles and ?Bahamas 9 and across the 

shallow··water (and par.Ually exposed) Aves Ridge. again into northwest 

South Americao The Pliocene migration of mammals such as the early 

horses occurred across the Isthmus of Panama. which was uplifted and 

exposed during the Panama~Western Cordillera collision. 

6) A single mid·,ocean ridge in the proto~Caribbean from the Jurassic to the 

Campanian is predictedo Proto~Caribbean ridge volume by stages can be 

calculated from the ridge length and the spreading rate. defined in the 

vector triangles. on each reconstructiono 

7) The anomalously thick (12 to 25 km) Caribbean Plate owes at least part of 

its excess thickness to the extrusion and intrusion of basalts and 

diabases (seismic horizon B'') ontc and into pre· existing oceanic 

crusta The basaltic episode occurred mainly during the Cenomanian to 

Santonian period. possibly into the Campanian. This period follows an 

Aptian-Albian period of very little relative motion between the 

Farallon Plate and the mantle [Engebretson. 1982]. It is suggested that 

the cause of the basaltic event was the accumulation of excess heat arid 

partial melting beneath the Caribbean portion of the Farallon Plate. 

The Caribbean Plate. as a trapped. buoyant piece of the original 

Farallon crust. may provide a clue to the cause of Laramide orogenesis 

in continental portions of the Americas [Livaccari et al •• 1981]. Other 

areas of the Farallon Plate. had they been affected by such off~axis 

volcanism. should have begun to arrive at the Cordilleran margins in 



the Late Cretaceous at the beginning of Laramide orogenesiso It is 

felt here that the medial Cretaceous basaltic event was more widespread 

than just the Caribbean portion of the Farallon Plate 8 and that the 

excess thickness and buoyancy of affected areas 8 

rates of Farallon convergence with North 

coupled with high 

and South America 

[Engebretson 8 1982] 9 caused a shallowing in the dips of Cordilleran 

subduction zones which is responsible for much of the Laramide foreland 

orogenesiso 

8) Engebretson [1982] predicted that Neocomian Farallon motion with respect 

to North America was convergent with a large component of sinistral 

shear 9 and that by Aptian time relative motion was nearly head·~on in 

the Caribbean areao This accords well with the age of inception of the 

Greater Antilles arco Before the Cretaceous 9 however 9 in the Middle 

Jurassic. blocks within Mexico migrated to the southeast into the zone 

that was occupied by South America prior to the Cretaceouso The likely 

mechanism for such southeastward transport of Mexican blocks is 

sinistral shear during subductiono Hence. it is suggested that the 

prediction of sinistral convergence between North America and the 

Farallon. or other Pacific plates. may be extended back to the Middle 

Jurassico 

9) The proposed model and the history of Farallon/North American relative 

motion make certain predictions about the origin of the allochthonous 

terranes of North Americao For terranes presently in North America to 

have originated from South America. the 'jump' from South to North 

Ameirca must have occurred prior to the Middle Jurassico In the Middle 

Jurassic. blocks of 

Southeastward migration 

predicted by relative 

Mexico were migrating southeastwardso 

apparently continued into the Neocomian. as 

plate motionso For the Aptian through 



256 

Maestrichtian interval, western Mexico and the we~tern margin of 

Chortis could have been source areas for northward migrating terranes. 

For the Cenozoic 9 it appears that the present mouth of the Gulf of 

California has defined a point that to the north of which 9 terranes 

have migrated northwards (e.g. 9 Salinia)p and that to the south of 

whichp terranes have migrated eastwards (e.g. 9 Chortis). The wide 

distribution 9 variable paleogeographic environments, and large total 

volume of the North American allochthonous terranes suggest that their 

source area was also large and diverse. From the above, it appears 

that western Mexico is the only portion of the American Cordilleras 

from which the terranes could have been displaced northwards 9 and this 

could only have occurred since the Aptian. It is concluded that 1) the 

Cretaceous areal extent of Mexico was perhaps double its present size, 

and/or 2) many of the allochthonous terranes originated out in the 

Pacific (much like the western Pacific of today) and were carried for 

much of their northward migrations as parts of the Farallon Plate. 

10) The relative motion vector derived herein for South America and North 

America (Figure 2.5) is extremely simple. South America diverged until 

the Campanian and then effectively stopped 9 with only minor motions 

occurring since that time that are related to reactivation of the 

original fracture zones. No well-defined North America-South America 

plate boundary can be defined at present from seismicity or for the 

Cenozoic from magnetics 9 and one probably has not existed since the 

Early Campanian. This coincides with the passive development of the 

proto-Caribbean Basin until the progressive entrance and eastward 

migration of the Caribbean Plate throughout the Cenozoic. Arc-margin 

interaction can be traced eastwards by structural deformation and 

facies development along the margins of the proto-Caribbean. 
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11) As the Caribbean Plate entered the proto-Caribbean through the neck 

between Yucatan and northwest South Americap two intra-arc basins 

(Yucatan and Grenada) formed on the 9 corners 9 of the 

the Caribbean Plate. This was the mechanism by which 

Plate assumed the larger shape of the 

leading. edge of 

the Caribbean 

The forces proto-Caribbean. 

responsible for the initiation of the intra-arc basins were 

smaller than those required to tear new transforms 

apparently 

into the 

proto-Caribbean oceanic crust. the outward components of the forces 

that drove the Cuban and Lara forearcs away from the Caribbean Plate 

could be due to roll-back of the subduction zonesp or to shearing 

caused by oblique subduction (subduction at Cuba was sinistral. at Lara 

was dextral). As roll back velocities are far slower than the opening 

of both basins [Taylor and Karner. 1983]. the latter is assumed to be 

dominant. It is suggested that the trench-parallel shear component 

arising from oblique subduction is responsible for the outward force in 

arc systems that creates many intra-arc basins. 

Unresolved problems: 

In so far as the Gulf and Caribbean region is composed largely of a 

collection of allochthonous terranes [Case et al.. 1984] whose exact 

relative motions are poorly known. the proposed evolutionary model is mainly 

an attempt to reconcile the existing geological data base with known or 

inferred plate motions. In that light. the model provides a framework which 

may be further substantiated or refined by continuing field and marine 

studies. At the same time. the model helps to identify problem areas that 

require further research. Such problems include the following. 



(1) A nevJ recunstruction and opening history for the Equatorial Atlantic has 

been suggested hel:'ein t:hat seems to exphdn many pr·oblems plaguing the 

understand:i.ng f 0 .. the opening hJ.st.Oi~Y J:: 
0!. the Atlan:::ic and the 

Permo· ·Triassic paleomagnetism of the circu~~tlantic continentso 

However, this model is~ as yet, speculative 0 and needs to be subjected 

to the rigors of specific geophysical tests tracing the fracture zones 

to the opposing marginso 

(/.) It is argued herein that the Yucatan Block rotated counterclockwise away 

from the Uo So Gulf Coast to its present position to form the Gulf of 

Mexicoo However, it may have been translated along the Mojave Sonora 

Megashear 9 intact with central Mexicoo The distribution of salt in the 

Gulf 9 the steep drop off of basement along eastern Mexico (transform 

margin?) 9 the distribution of oceanic crust in the Gulf 9 and the trend 

of poorly-defined magnetic anomalies :in ~he G~~f favor the former 

hypothesi so However 9 until the magnetics are better understood 9 a 

clear understanding of the origin of the Yucatan block cannot be 

determinedo 

(3) A "card-deck" simple shear model for the Jurassic emplacement of Mexico 

into the overlap position of South America is suggested herein 9 but 

evidence for this, or any other emplacement mechanism is highly 

speculativeo More field~related studies within Mexico are required to 

better the understanding of the emplacement of M·exico o 

(4) It is becoming clear that the western Bahamas (Grand Bank and south 

Florida Shelf) are underlain by thinned 9 pre-Mesozoic continental 

crusto However 9 the basement of the eastern Bahamas and its origin as 

a carbonate bank are unknowno 

(5) The aereal extent of the continental portion of the Chortis block and 

its position relative to North America prior to the Aptian is unknowno 
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This hinders attempts to define pl A.·!·p. ·boundat'Y schemes t;_..._ A-L 
'·V.I. Lllt! 

Caribbean in the ~arly Cretaceous. Also, the nature of hanement oJ thA 

Nicaragua Rise and Jamaica is still uncles=. In the Ap<~ian and late£· u 

sedimentation in Chortis and southern Mexico was very similaru 

suggesting that Chortis was adjacent to Mexico in the medial and Late 

Cretaceous prior to entering the proto~Caribbean realm 9 as is suggested 

by the offset along Cayman Trougho In order for Chortis to have entered 

from adjacency with Mexicou compression must have occurred between 

Chortis and the Colombian Basina This compression is suggested by the 

structures of the Nicaragua Rise and offshore southern Jamaica, but any 

specific understanding of the predicted compression is lackingo In 

addition, the significance of the Hess Escarpment, which is one of 

these structures, is unknowno 

(6) Th~ vast majority of evidence points to a pull-apart origin for the 

entire Cayman Trough, but this has yet to be proved by direct 

observationa At least 800 km of offset is needed for a Pacific origin 

of the Caribbean Plateo Until this is proved. some question will remain 

as to the provenance of the Caribbean Plate. 

(7) Most accounts of the tectonic history of central Venezuela call for 

Eocene emplacement of the North Venezuelan nappes [Maresch, 1974]a An 

emplacement age of Oligo~Miocene is suggested hereo Assuming large 

offsets along the Cayman Trough, an Eocene emplacement age requires 

that emplacement occurred upon plate boundaries of the 

proto-Caribbeano Such motions are not predicted by North and South 

American relative motion historyo The differing interpretations hinge 

on whether the flysch of the Piemontine nappes in front of the Lara 

nappes was deposited and accreted during the subduction stage offshore, 

or whether it represents the sediment of the foredeep which developed 
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ciur·ing obduction onto th0 me.:rgin. The. fanner lS favored here~ as the 

wa.velength of th0. PiemoP..t:i'.!:>.~ nB.ppr::s :l.s mlich toe shm:'i:. to b~ a 

foredeep. Xn addj.tion 1 an Oligo-Miocene foredeep did form~ although 

only poorly 1 which vms then overridden by the Lar.a and pj_emoatine 

' h J'B k . 1 .. 9'/S]o nappes ~oget er L ec o AddHional field stmUes :i.n the 

Venezuelan Andes and a proper assessment of gravity and basin analyses 

of the Venezuelan foreland basins are needed in order to determine 

whether the Eocene or the Oligo~Miocene emplacement model is correct. 

(8) The east-west magnetic anomalies across Grenada Basin may or may not be 

seafloor-spreading anomalies. That they are seafloor-spreading 

anomalies is important to ascribing the Leeward Antilles arc and Villa 

de Cura Klippe to the southeastern portion of a proto~Aves Ridge arc 

to the and forearc. The opening of the Grenada Basin is important 

emplacement of the Lara and Villa de Cura nappes (Figure 6.5); 

therefore~ assessing this problem will aid in assessing the emplacement 

history of the north Venezuelan nappes. 

(9) Because of insufficient data to warrant other alternatives~ it has been 

assumed that the Greater Antilles Arc is composed of only one arc that 

reversed its polarity in the Campanian. The central Hispaniolan 

peridotite and associated metamorphosed pelitic sediments [Draper and 

Lewis 1 1980] 1 and the blueschist metamorphic areas of southern Cuba 

[Mattson 1 1979] may be interpreted as pertaining to the polarity 

reversal. However~ they may also indicate that the Greater Antilles 

are composed of more than one arc. Prior to the Campanian~ 

paleogeographic relationships within and among the Greater Antilles are 

poorly known; a scenario similar to the western Pacific prior to a 

Campanian amalgamation 9 event 9 is not unreasonable. Outlined herein is 

the simplest model for the Late Cretaceous that provides an 
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explanation~ if nothing more~ of most of the knovm m~jor structural nnd 

depositional features. Continued efforts toward understanding the 

Campanian and older history of the Greater Antilles are desperately 

needed. 

(10) The nature of basement in Cuba is still debated. It has been labeled 

as entirely arc-relatedp having collided with the Bahamas by 

arc~continent collision. Howeverp basement in some apparently areas 

may be continental. It is possible that these bits were carried with 

the arc complex from a southern provenance. Howeverp an alternative to 

the "allochthonous arc" concept is that the volcanic aspects of Cuba 

pertain to the Greater Antillean forearcp possessing the odd 

calc-alkaline intrusionp which was abducted onto the attenuated 

continental margin of the southern Bahamas in the Paleogeneo In.this 

casep basement is autochthonousp whereas the mafic volcanics and 

irrLrusions of Cuba are abducted forearc constituents. More analyses on 

the Cuban rocks are required to solve this problem. 

(11) The nature and age of the floor of the Yucatan Basin is uncertain. A 

seafloor spreading origin in the Paleogene is suggested from seismics 

and heat-flow studies. If the floor is thinned continentp however, it 

becomes difficult to ascribe Cuba to having originated in the Pacific 

with the rest of the Caribbean Plateo 

(12) Seafloor magnetic anomalies in the Venezuelan Basin trend northeasto 

Anomalies trend east in the Colombian Basinp but these may not be 

seafloor-spreading relatedo Differing trends in magnetism (and its 

sources) suggests that the intervening Beata Ridge may have had an 

early history of offset along ito The present uplift of th~ Beata 

Ridge is poorly understoodp but probably relates to minor motion 

between the Colombian and Venezuelan Basins. It is suggested herein 



that this motion pnRsesses a ~inist~~l st~lke-sJ.ip component. 

(13) The appa.:cent Ct=unj)a.niar:. :i.nH~ Ftion of .'Jt.:bducl:iou. gi.: the Costa. 

R:i.r:Ft.- ·PB.nam8. 8]"C. io c::::r::.:::rtl"cdm'd oHly by 7. r·adj_o,11P.tci.c ages m1. qliJtons 

and Game Luff hor~~ons ~n the stratj.graph1c record" The timing of ~he 

inception of subduction at this arc is important to understa.ndi.ng when 

the Caribbean Plate became separated from the Farallon Plate 1 and when 

it was able to possess its own motion relative to the other plates. 
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