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ABSTRACT 

Portions of Caribbean land and marine geology, based on data available 
through 1970 and early 1971, are summarized in an dTort to present the 
known tectonic framework as well as to stimulate further attempts to in­
tegrate the geology of the Caribbean area irtto the new global tectonics. 

Other than in Cuba, the oldest known rocks in the Greater Antilles arc 
Cretaceous. Pre-Mesozoic rocks may be present in parts of Cuba. His­
pa.liola, and southwestern Puerto Rico, but metamorphism has complicated 
interpretations of age. 

The Lesser Antilles are generally assumed to be younger than the Greater 
Antilles, but radiometric dates from ~acle suggest wme continuity of 
igneous activity between the two regions. ~i<.ecent work suggests that the 
Lesser Antilles are presently cross-faulted i1~to individual blocks, with each 
one developing its own stress pattern during sca-lloor spreading. However, 
basement structures of the Lesser Antillt:s may continue to at least a~ far as 
65°W; both geological and geophysical evidence indicate that a south Carib­
bean fault docs not exist. 

Paleozoic rocks arc known to underlie ]Xtrt of the Yucatan and central 
Florida. but the nature of the basement under the Bahamas and Blake Pla­
teau is unknown. However, striking similarities in the Cretaceous to Recent 
geology of these areas and that of northern Cuba suggest that this entire ""'/ 
region has behaved as a unit since the Cretaceous. 

The Yucatan Basin and Cayman Trough contain the thinnest crust (9 
km and 6 km) in the Caribbean area. These two features arc separated 
from one another, and from the Gulf of Mexico to the north, and the Colom­
bian Basin to the south, by parallel ridges or welts of continental crustal 
thickness. One or more of these positive features may contain pre-Mesozoic 
rocks. 

The Cayman Trough is not a westward continuation of the Puerto Rico 
Trench, and may be a much younger fcaturl·. 

Vertical tectonics dominate the Late Cretaceous to Recent geologic his· 
tory all around the Caribbean, through tho;: (Jreater ::nd Lesser Antilles, as 
well as alo11g northern Colombia and Vcnezu:I:J. Land and marine eviJcn\.:c 

1 C<~ntrih\•tien No. 1351 from the University M Miomi. R<»cnsticl School of M':rinc nnu Atmo,plwric 
S(,;icnce. · 
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ft'r extensive wrench faulting after the Late Cretaceous is slim. Prior to that 
time, fault motion in mo~t areas is unknown or nonexistent. 

Earthquake lir~;t motion studies indicate active Wfl'neh faulting on both 
the northern and southern Caribbean m:trgins. as well as underthrusting in 
the Lt·ss..:r Antilles and in the nortlwast llispaniola region. Su..:h studies in­
di..:atc nothing concerning past motions. 

Allhough several radic:ally dilkn:nt tectonic models have been proposed 
to explain the origin of ( 'arihhcan geologic features, no one model h:1s cap­
tured the· enthusiasm of the majority of investigators. 

FOREWORD 

Interest in Cmibbean-Antilkan geology has been steadily increasing since 
the exciting pioneer work or Hess. Ewing, ami Vening-Meinesz some 35 
years ago. More recently Hess's 1962 Presidential Address before the (ico­
logical Society of America suggested a framework for the evolution of ocean 
basins which focused on the dynamic nature and interrelations of ocean 
ridges and island-arc trench systems. Since that time, his model, much of 
which was based upon years of sea and land observations in the Caribbean, 
has been the center of growing support from earth scientists from all areas 
and specialties. . · 

It seems appropriate to review the known marine and land geology as 
well as to point out major unsolved problems within the Caribbean and ad­
jacent regions, an area which truly mightbQ Jerll)cd .!h.~_!2i.DhJ21acc c~Uhe 
current revolution in the earth sciences. 
------~-.,-.... ~_,_,_.""~--,, ,.~-~~-~ 

I NTRODUC .TION 

Within the rather small area of the earth's surface represented by the 
Caribbean-Antillean region, one can find active volcanos, earthquake belts, 
fracture zones, deep-sea trenches, several varieties and thicknesses of con­
tinental and oceanic crusts, as well as all categories of rock types and tec­
tonic styles. In this area there arc events occurring daily which arc indicative 
of the pattern of the earth's tectonic activities. Here then is truly a place 
where processes operate at a rate fast enough to study within the working 
years of a scientist's lifetime. The prospects for the unraveling of the past 
two hundred million years of planetary history from the study of such an 
active area seem exceptionally good. 

This is due in large part to the fact that a model exists to he tested, the 
outlines of which were suggested by Hess ( llJ60, 1%2) and Dietz ( J 96 i. 
1962). One of their major contributions was to focus attention on the evo­
lutitlfl of ocean basins as the areas of primary importance in planetary his­
tory uf the last sever:11 hundred million years. rather than on the continents, 
which they suggested shllUld be considered passive plates being acted upon. 
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During the past ten years geophysicist:-;, let! by Vine, Sykes, Oliver, backs, 
Morgan, LePichon, Menard, J. T. Wibon and many others, have o!lcred 
compelling evidence to support the ideas of Hess and Dietz. Traditionally 
trained, continental-oriented geologists have been soml'wlwt slower to rl'­
think their tremendously greater amount of det;tiled data into a form whid1 
could be integrated within the new suggested framework. In their ddcn\l' 
one might mention that, at least in the initial stages of what has been termed 
the "revolution in the earth sciences" (Wilson, 196~), many modds sug­
gested by marine geophysical data either ignored or violated entirely thl· 
known continental geological data. 

More recently, exchange of data between the two groups and joint par­
ticipation in such worldwide efforts as the Deep Sea Drilling Project has 
led to increasing cooperation and excitement. 

McBirney ( 1970) has synthesized the borderland geology in the Circum­
Pacific region and has emphasized that a fundamental discordance exists 
between the smoothly continuous sea-l1oor spreading process in ocean 
basins and the episodic nature of events at plate borders. This first-order 
type of discrepancy, which is not restricted to the Circum-Pacific, might be 
resolved if the earth sciences had acceptable, rigorous models of the driving 
mechanism of sea-floor spreading. There is no such widely accepted model 
to date, although Hess, Vening-Meinesz, Orowan and others have made a 
strong initial case for thermal convection models. 

Most earth scientists would now agree that new material is being added to 
the earth's crust along active oceanic rises. An equivalent volume of older 
material is presumed to be recycled back into the mantle at the sites of island 
arcs and active continental margins. If this is not so, then the earth is ex­
panding. This is a fundamental matter to settle, whether one's interest be 
global tectonics, the discovery of new mineral deposits, or the imminence 
and association of earthquakes and volcanism. 

Geophysicists have done much to show that island-arc areas such...U5 _ _lll.~. 
Caribbean are sites of recv~liJlg. N<,!r[Q\\I_Qelt.Lpf n,~:gativc isostatic ~ravi.ty 
anomalies. a characteristic inclined zone of £1!IlhQ.llilke hypoccntcrs.......unl!...a 
relatively narro}Y ZQI1!.1. Qf J:Q!s;;r.mic actiyit¥ support the idea that these an~ 
areas of the downturning of oceanic crust. fg~ther support comes from rc-=-• 
gional seismic data in the Caribbean (Molnar & Svkes, 1969), the Tonga-' 
Kermadec (Oliver & Tsacks, 1967), the Aleutians (Stauder, 1968), and' 
the Indonesia-Philippine region (Fitch & Molnar, 1970), which has led to : 
the conJ;tV~iQJL.thaLthe lithosphere djps beneath the island arcs. · 

The burden of decision for the correctness or this model now rests upon 
the geologist and geochemist who are th~· natural candidates to sample ~md 
examine carefully the areas where rock relationships can be seen directly. 
i.e., the islands and continental bordcrh11:ds adj;1ccnt lo the proposL·d ~inks. 
It is they who must work out the time sequence of igneous, metamorphic, 
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sedimentary, and tectonic histories to serve as the basis for integration with 
continuing marine geological (direct sea-floor and sub bottom sampling) and 
indirect geophysical (reflection, refraction, gravity, magnetics, etc.) studies. 

The time is appropriate for a major effort to synthesize Caribbean earth­
science data past, present, and future into the framework of the "new global 
tectonics." The amount of data produced to date by literally hundreds of 
organizations and individuals has far outstripped the rate at which it has 
been digested. And yet, since the Caribbean contains a model island arc, 
there is every reason to be optimistic that, by careful selection or research 
problems and with good organization, several of the problems listed below, 
many having worldwide signilicancc, will be answered within the decade. 
Almost all involve a linking together of geological, geophysical, and geo­
chemical data. The following pages list the known problems and review the 
current land and marine geologic data which reflect upon these problems. 

The geophysical data used in this report arc mainly from studies of rc­
Jkction and refraction. There has been no attempt in this paper to sum­
marize the existing scattered data which group under the categories of 
gravity, magnetics, and heat flow. None of these geophysical parameters 
have yet been published in compiled form for the Caribbean region. Gravity 
data an: being compiled by C. 0. Bowin at Woods Hole and M. Talwani at 
Lamont-Doherty, among others. Some Caribbean gravity data has appeared 
in various reports, e.g., Ewing ( 1937), Hess ( 193 8), Talwani et al. (1959). 
Talwani (1966), Sutton et al. (1960), Worzel (1965), Bunce et al. (in 
press), Bowin ( 1968), Peter ( 1970), Folinsbee et al. ( 1969), Bowin & 
Fo!insbce ( 1970), Ofliccr ct a/. ( 1959), Masson-Smith & Andrews ( 1965), 
Ball ct a/. (in press), Lagaay ( 1969), Hospers ( I 95 8), Lyons (in Eardiy, 
1962), Bush & Bush (1969), Bromery & Griscom ( 1964), and Valencio 
(1964). 

Caribbean magnetic data is presented in the reports by the U. S. Navy 
( I 970), Griscom & Geddes ( 1966), Starr & Bassinger ( 1968), Fink 
(1968), Renard ( 1967), Bunce et al. (in press), Krause ( 1968), Lagaay 
(I 969), Ball et al. (in pn.~-:s), Dennis & Gunn (I 964), Ewing & Heczen 
( 1955), Stewart & RafT (I 96 I), Van Voorhis & Davis ( 1964), Gough & 
Hcirtzlcr ( 1969), Drake et a!. ( 1963), Gough ( I 967), Miller & Ewing 
(1956),Ewingetal. (1960), Bracey (I96S), and Valencio (1964). 

Paleomagnetic and rock magnetic property data is virtually nonexistent 
in the Caribbean although studies arc now in progress by Harrison (Uni­
versity of Miami) and Fink (University of Maine) in Puerto Rico and the 
Lesser Antilles, and Briden (Leeds) in the Lesser Antilles. Griscom ( 1964) 
did son11.~ initial p:d..:omagnetic work in Puerto Rico, and Guja & Vincenz 
( 1970) and Watkins et al. ( !Y70) have reported on the tir~t work done in 
Jamaica. i'vfcDonald & Opdyke ( 1970) have reported a fc\V measurements 
on a probable Cretaceous pole for northern South America. 

. ' 
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There arc between 1 00-150 heat flow measurements for the Cari bbcan 
area including the Gulf of Mexico and the nearby Atlantic. These arc sum­
marized and discussed by Nason & Lee (1964), Von Hcrzen et al. (1970), 
and Epp et al. (1970). 
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Listed below (not necessarily in ortkr of importance) arc scver:tl major, 
unsolwd pwbkms of C:rribbean geology. The list is undoubtedly incom­
pkte, but SLTVl'S :IS a frallll'\V\ll"k fpr the Sllllllll;lrilk'd data of this l"l'porl. 

I. ( ic11lngic history in rclatinn to thc SL'a-lloor-sprcading-arc-ll!lllerlhrusting 
hyptlthcsis. 

.~. Age and intcrprctation ol the oldest wt.:ks in the ( ';,rihhcan rL·giPil. 
3. Naturc or till' t:rust (rL>t:k types) under the (lulf of Mexico, the Colom­

bian, Venezuelan, and Yucatan basins, :md under the Cayman Trough. 
4. Nature of major faulting through time along the northern and southern 

Carihbc:111 borders and relationships to cross-arc fracturing throughout the arc. 
5. Relationships (if any) between the Puerto Rico Trench and the Cayman 

Trough. 
(L Relationship of the Puerto Rico Trench to the geosyndinal concept. 
7. Ages of the Lesser ;\ntillcs arcs, as compared to each other, the Greater 

Antilles, the Aves Ridge and the Beata Ridge. 
S. Explanation of the dcncasc of volcanism in the Greater Antilles after 

mid-I,:occnc and decrease of volcanism in thc l.esscr ;\ntillcs during the Oli· 
goccne. 
- 9. Relationship of eastern Lesser Antilles to: Greater Antilles, southern 
Antilles, northern South America, Central America, and Trinidad and Tobago 
(implied in problems 1 and 7). 

10. Tectonic and age relationships between the Caribbean Island Arc prov­
ince and the Bahamas. 

I I. Explanation of the petrogenesis of igneous rock types through time. 
12. Explanation of gravity, magnetic and heat flow data in light of marine 

and land geology. 
13. Determination of the significance of an apparent major hiatus in the 

Venezuelan Basin sedimentary record between upper Eocene and lower Miocene, 
as discovered during Leg IV of the GLOMAR CHALLENGER cruises (Bader et al., 
1970). 

14. Interaction of the western Caribbean crust with the proposed eastward­
moving Pacific crust. 

1:;. Relative interplay of underthrusting, volcanism, earthquake generation, 
and fault zones with time, leuding to an evaluation of potential earthquake 
and/ or volcanic eruption hazards. 

GEOLO(l!C SUMMARY 

The Greater A ntilles.-Studies by Oflicer et at. ( 1959), Talwani et a/. 
( 19 59) and Worzcl ( 1965) indicate that Cl1!Stal mqsses 30 km thick under­
lie Puerto Rico. P_robably this is representative for the rest of the Greater 
Antilles. 

Metamorphic rocks (mainly metamorphosed marine sedimentary rocks 
;md volcanic rocb), presumubly the oldest rocks in the Greater Antilles, 
t:nJcrlie ar...:as of Cuba (Ish:: of Pines, Sierra de Trinidad, Las Villus Prov­
ince. and eastern Oriente Province), Jamaica (Blue Mountains), Dominican 
R~public (Cordillera C\:ntr;d, Samana Pcninsulu), and the Sicrr:t lknncj;t 
arc:.~ in southwest Puerto Rtco. 

j 

.. 
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Mcyerho!I eta!. (1969) reviewed the radiometric dates (nine) from Cuba 
and concluded that they represent two thermal events, one at 121-.103 m.y. 
(Neocomian-.{'enomanian) and another at 71\-61 m.y. (Campanian··Carly 
r7;1coecnc). The a~0:s of the rods involved in these thermal cwnls are un­
known. They reported one date of I XO m.y. (Emly Jurassic) on a ).'.rano­
diorite from Las Vilas Pruvinec ( K-1\r, whok n~t.:k) :111d rem:1rkcd thai 
its significarH.:e is not understood in tt:rms of the knt,Wn histury of<. 'uha. The 
oldest rocks dated pakonlologically in the entire Greater Antilles :tre b1rly 
through Middle Jurassic. These dates HIT from marine fossils within the San 
Cayento Formation in Pinar del Rio Province, western Cuba. 

There arc four radiometric ages known to the author from the Dominican 
Republic, all from the Cordillera Central (MacDonald, 1968c; personal com­
munication from C. 0. B(}win). These range from 127 ± 6 m.y. lo 6X m.y. 
The only published radiometric dale from Haiti known to the writer is re­
ported by Kesrc'r (1968b). This date 66.7 ± 1.3 m.y.) is from a quartz 
monzonite intrusive in Upper Cretaceous rocks. 

In Puerto Rico the oldest known r:1diomctric date is II 0 :::': 3 from an 
amphillolitc in the Sierra Bermeja (Matt::;on, 1964, 1966), while the oldest 
published radiometric date from Jamaica is 65 ~m.y. from a grano­
diorite intrusive in metamorphic rocks of unknown age (Chubb & Burke, 
1963). II.Lthe Virgin Islands the oldest rocks are considered to be Cr~­
taceous (Donnelly, 1966; Whetton, 1966; Helsley, 1960). The oldes.t radio­
metric date reported (108 m.y. by K-Ar) is for a small keratophyric intru­
sion which, according to Donnelly ( 1968), dates one of the latest events in 
these oldest rocks. 

There is no..12.ositive evidenc~ln.Qicating_th.e J;>r~s~nc~ ,Q~J~5'll.C..9.Z:9.~ _qrJ~r(!­
cambriau..ruc.ksJn_tlJ&_Q:r_t;;atcr. Antilles. However, metamorphism has com­
plicated the picture so that the possibility of pre-Mesozoic rocks cannot be 
ruled out, particularly for areas of Cuba (Meyerhoff et af., 1969) and pos­
sibly the Sam ana Peninsula of Hispaniola (Nagle, 1970). 

Also there is no evidence for a "granitic" basement in most of the Greater 
Antilles. On the other hand, there is some evidence fr.Qw Cuba, Puerto..Ril;o, 
and northern Hispaniola_lb.at scrpt~ntinitcs_ . .uccuciu cares oL.ma.j.or......an.ti­
clinal folds. Se.Y.er.al.lY.orkers havQ sug~;ested that tl).esc rocks reprcseu.Lthc 
originnl occauic ernst (Hess, !960, 1964; Kozary, 1968; Mattson, 1960; 
Tobisch, 1968; Nagle. 1966). ILthisi~llu~n JhJ~su.od~ll!119..!l£~t 
the oldest exposed rocks jn the Greater Antill(?~. Some support to the idea 
of a serpentinized peridotite basement for the Greater Antilles comes from 
the work of Bowin et al. ( 1966) who dredged the north wall of the Pu..:no 
Rico trench and tentatively concluded that the stratigraphy then.~ is ''serpen­
tinized peridotite with altered basalt overbin by Upper Cretaceous s..:~!i­

mentary rocks which arc in turn ovcrla:n by Lower Tertiary setlimcnt~try 
rocks with minor vitric basalt.·· 
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In contrast to this, Hess ( 1964: 170) points out: "On the south side of 
the Caribbean, in the Cordillera de Ia Costa of Venezuela, the cores of major 
anticlines have a granitic gneiss basement underlying metamorphosed sedi­
mentary rocks of Cretaceous age (Aquerrevere and Zuloaga, 1937; Dengo, 
1953: Smith, 1953; Seiders, !962; Menendez, 1962). Th>: &;Qns;lusiQn mi:;ht 
be drawn that the coast range of Venezuela rests upon the thin edge of a 
continent and has 'gr;,ojtic' cnJst beneath jt, whereas the Greater Antilles 
rest directly upon oceanic .&_r:ust." 

MacGillavry ( 1970) takes a different point of view, at least for western 
Cuba, and points out that there arc sialic metamorphic rocks on 1sle of 
Pines, in the Trinidad Mountains, and in evaporite diapirs (Meyerhoff & 
Hatten, 1968) and that sialic detritus is present in the San Caycnto forma­
tion. MacG_illavry J~v_9DUhe._y.i2Y{_tlUlt.;L~QlJrQ1.9ld.rn~tmnorpbic~_llom. 
GuJtt~m.Un <m.d.J-J..9DQJIL{l~ colltil111.k<U.n1Q.Jite. .. Ca!:il1lJ~<ln _area. ~ater thfs 
SPllLYL.<lsbmkcn__iJlt~Ul~Pl\I<ltC~Dlll.~~-g_,U_g_&,_hl~ gfJ,i.Tit;s.) during islang-_arc 
tectonism. Some recent support for this view is oHered by Baic ( 1970) who 
reports two basement ridges paralleling the eastern Yucatan coast, one of 
which changes strike to the northeast across the Cuban shelf so that it is on 
strike with the Isle of Pines. 

There is the possibilit_y that other >purs" containing a basement of sialic 
( qu:~rt;,itic). po~-si h. I y [1;.~.~ M~sm.\ li(;. 1~K t a ~)~·p·1~i'c~:z;<i s c ~ i~:i1ZCJ~l_tgtll~-~~:u:TL)­
b..:an under the Cayman l~idgl.' and. Nicar:tguan Rise. 

The Cretaceous to middle Eocene Greater Antillean volcanic rocks arc 
predominantly andesitic flows and pyroclastics preceded by spilitcs and ker­
atophyres or basalt flows (Donnelly, 1964, 1966; Mattson, 1966; Lidiak, 
1965; Bowin, 1966; Nagle, 1966; Palmer, 1963). 

Tertiary I9f.l<:s iil!hi:. Qre,~tJ.<:.t:.AT!ti!les are mainly marine clastic rocks and 
lim..Q~JQI\Q.~Y.Qk;!.!lism virtuallv ceased, following the -~!ddlc- Eocen~: :vlth 
the cxcep~~o.n_ 0.~ _minor __ l~~t_;Y.i.!Y.£~rin_gJ_~-M~o.~ei_I()_ ~!.ll~!Uaica and Pl9J~1_9-
c.~nc (?J in . .§Q.ll!h.Y!~~igf.IU:li~io1J (MacDonald & Melson, 1969). The 
latter occurrence is noteworthy in that the rocks are undersaturated alkaline 
mafic types (nepheline basalt, limburgite). MacDonald & Melson suggest a 
relationship between the volcanic province, the Bartlett Trough, the Cul-de­
Sac graben, and other east-west tectonic features to a major shear system 
in the upper mantle. These rock types are unique to the Caribbean islands, 
except for rocks of similar type and age on the island of Utila (McBirney 
& Bass, 1969b) on the southern border of the Bartlett Trough and possibly 
on Providence Island (Mitchell, 1955) 240 km cast of Nicaragua on the 
Nicaraguan Rise. 

The Lesser Antilles.-Thc Lc-;scr Antilles will be discussed a<> two 111:1jor 
geographic groups of i~lands. fir:-.t, the eastern Lcs:-.cr Antili<:s, l'r !·:wld'll 
..!prill£'s, which is composed of a N-S gcogruphic arc of isl:mds cxt-:ud;ng 

.. 
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almmt 450 miks from Anguilla in th~.: north to Gr~.:nada in the south. 
s~.·emtd~ th~.-~ south1.~rn L~.:ssn Antilks. or Soutlu·m Antilles, which form an 
E-W geogr:!phic line of islands niT the Vt·n~.·zuclan coast extending :dmost 
-ISO !lliks l'rnm the Venci'.ul'ian Tcsli)!os group in the east to the Dutch 
I'Ltnd of Aruba in the WL'SI. 

l. b\S'll::RN ANTILLES: The rocks arc cak-;tlkaline in the basall­
andcsite-d:tcitc-rhyolit~.: as~ociation. with andesite predominating, typical or 
this association in orogenic bells. The island arc forms the eastern boundary 
between the Caribbean Sea and the Atlantic Ocean (Figs. 1. 2). Based on 
palct,ntologic dctcrn1inations. thc_<)!dcst r.<~<;~.S .. <)f_(tle.i-;l~~~ltL<;h<tiJl arc·i:cpi·c­
iCJ!Jcd by the lower to middle E<)(.:cnc volcaniclastil:£.J.)J'SL1i;,ulb.illmm:.w 
( ( 'hristman, 1953) and Mayrc:tu (Martin-Kaye, lWJO) and the upper 
Em:~tl(; on.~~-l~(it:_c~~latL~~~!.!S!J~arriac<_~~~ (Martin-Kaye. ihid. ). There :1rc no 
published radiom~·tric d:1lcs, with the exception of one reported hy Fink 
( 1970) and thllsc discussL·d hclllw. The only intL'tTuption in vok::nic :li.:­
tivity !'rom !ow~.:r Tertiary to the present was during the Miocene wh~.:n wide­
spread submergence occutT!.:d throughout the ( 'aribhean, as marked hy thl' 
deposition of shallow-water marine limestonl's ( Martin-Kayl', ibid.). 

The islands of the Eastern Antilles have been divided into the Limestone 
Carjbb;;es (including Marie Galante. La Desiradc, Grand Terre, Antigua, 
St. Bartholomew, St. Martin, Anguilla, Dog, and Sombrero islands) and the 
Volcanic Caribbces which include Grenada, the Grenadines, St. Vincent, 
St. Lucia, Martinique, Dominica, the Isles des Saintcs, Basse Terre, Mont­
sen·at, Nevis, St. Kitts, St. Eustatius, and Saba. This division is based on 

....tb;;;_,pKdominilnt LQ!;k.J.¥,p.c.. cropping ouLoJL.th,e, two rows of islands north 
of Dominica._ 

The geolQgj_~ histol)'_Qf_the Lim~~!9I_1G _Cu:i\1]1ccs is presently interpreted 
a~ middle ..Eill:.c.m: ... J.\.l.J.a.tc Oligm:cnc volcanism followed by erosion. partial 
truucatioll,Jninor intn.J..s.ions ... nnd faulting, !ben .<Lilll£ Qli£ocene-earlv Mio­
r.:cllc .. ..cap. . .oi skill~~:. .. m:u·inc liroc:>toncs,.io.llimtc.lL.by late Minccnc .... 

_1!J2li.!1._ 
The geologic history of thl' Volcanic Caribbees is different north and 

south of the island of Dominica. The islands mmb of Pominica (Isles des 
Saintcs, Basse Terre, Montserrat, Nevis, St. Kitts, St. Eustatius and Saba) 
are composed of volcanic rocks of latest Miocene or early Pliocene to Recent 
age. There arc no intrusions, deformatiqpj~ minor_1.lilll the few sedimcota~ 
~eposits arc thin, ranging in age from Pleistocene to Recent.. The islands 
south of Dominica (Ivfartiniquc, St. Lucia. St. Vincent, the Grenadines, and 
Grenada) JJlSQ h<:tvc l\tte Miocene to Recent volcanic rocks. but in ndditio_n 
mal· have older volcanic rock~, similar to thos~ of the LimcstpHc Cgribb;,;£.s, 
~ug.g..,.:;J..:~Lby~w.oJhr~. tQ t:.ilngc ... in..agcJrom miudlc Eocene tuJoYXer Miocene. 
It is not known \vhclh-:r the okh:r H)k;;nics underlie th~- younger series on 
Dominicu. 
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F1<0URF J. Lesser Antilles island arc, with axes of older and younger arcs and 
axis of nL~gativc gravity anomaly bdt indi<.:ated. (From Fink, J 96~.) 

Thus then: art~ two <tl~e zones of volcanism in the Eastcrn _ _;\ntillcs w:..c. 
Thc-.:c t.oncs are supcrimposcJ soulh of Dominica. but to the north pr tbis 
i-;landthe older zone j-{ !Jlli\:~l (Fig. 3). 

Martin-Kaye ( 19()0) suggest.:d that the double arc north of Dominica 
was due to dilkrcntial cast wan.! movement of the ll1Jcr an.: by the lectugcnc 
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mechanism, and that the processes controlling the locus of the volcanics 
were lower crust or upper mantle procc.,sses unaffected by upper crustal 
movement. 

Christman ( 1953) suggested a similar castwnrd movement nf the older 
features in the St. Bartholomew-St. M<trtin region based on wnsistcntly in­
creasing distances from the gravity anomaly axis of three early Tertiary vol­
canic centers. He assumed that crustal rolling to the cast into a deep-sea 
trench moved the older centers eastward. 

Fink (1968, 1970) discovered a spilite-keratophyre sequence on La 
l)~siraQ<,<,_!J..P1?£1Lt;JJ..\Ur.l.!J..m~jf.jn .. <!!;~?~i:mlicating !h~.J3ns!~rn _Antilles m~l.YJ?e 
a ml,l'<..h.QJd~r featurcthan h~~tofore thought. He suggested that the Greater 
a.nd.L§J!~&Li.:\_D._tilles_rrLiJ..Y_Q~.QI!Q~.QnlintmJJSJ~.ature with SlJllili!r J2rc-MLo~£_nc 
histories 

During February 1970, Fink, J. J. Stipp, and the writer collected samples 
of a variety of igneous rock units on La Desirade. Preliminary K/ Ar dating 
by Stipp and Chris Harper (Florida State University) yielded several dates 
ranging in age from S...Q.;,l,;W m.y.; all but a.few, Cretaceous or older. ~e 
iuitinl..r.r~.llilt~Jmggest hms;Qm activity in the LS<sss;r An1iJ!es !;QDtemJloraneous 
with some of the em·liest known episodes of igm'QUS actjyjty jn the Greater 
~ The remlt:o llre in ·•cconl urj1h Fink's c·ulicr sugg<'stion of ancient 
CQntinuity between the two areas. 

Fink ( 1968) also suggested, from a study of the marine geology or the 
Guadeloupe region, a major ofis.eLotihc arc along aline immedLat~~or.th 
of Do ll}j_ll_~.f!_.cau~<?.cL_~y ~~~_t_yy_a~<f _c~~~t.<~l JU!PSltLlJQl.LOJJl1.C .. fl.!"S: .I!t!g£.._:<>~g_tp en t 
north of this line, during thclatc.Eoc.\:.nc_to middk Mjo\::cne. lfc;_a.Uributc;o 
this movement to ..c.ontrnsting crus1aLr.cs.pons.c.ducto . ..an.in.terrupti.un .in in­
!~acrustal tectonic:.P.!9S£Sscs rath~.rJ!1<n1l'!r_g~::~calc eastward movt::!.!l.en.t of 
a Caribbegp plate via .!h~J~C:~~ll~Jl1CCh~f1i~IJ:l~ Such contrasting responses, 
he suggested, might have resulted from the presence of the thick accumu­
lation of sediment filling the southern part of a pre-Miocene deep-sea trench. 
This caused a slower rate of isostatic adjustment in the southern part of the 
arc as compared to the northern part during cessation of crustal underricling 
from the cast. Also pro9!:l.~~'Nas~~l_ 11)aj01~ crust~ll fr_~~ture, alo!~'\Vbich 
relative offset resulted in. an eastward. crustal translation for the northern 
scgmcnt-;fth~~d~~-;rc~ Whe~-;~l~~lt1ic- "~ctivitv ~~~~~-~;;-;;~~Cit.J;i:.6~t!ced 
t_b-:g=xQ_tJngQr . .vo Jeanie ~~ r~::~.on-ii!:1\i~~E~Q.~11 Grcn_~wi:11LSilba. 

The above contrasting views suggest that the sm.trce rocks and evolution-)~ 
ary history of the volcanic rocks in the West fndian arc remain very con- -'t 
troversial. 'Ole~ .gc_ncraliti~:Li.lgf\'Cd upun by IDQst workers arc tiJ.;tL i1:1saltic 
f.l)<:_k_:; ar£ _ _more .i~J?_undant anwng" ~)!d.cr !·_os;~.,L~1.1!!! .. ~!'_l_l!~.:~ltic .E~?.I:it.s. :~rc n h •r.: 
COI11!JlOI} iJ1 youngcrvolcn~i<::t~o_<;};_ seric~. an~f t}ljil in most i.slands :uJLh:si:iL· 
volcanic products l.tre nwre nbun<,ktlttly_~:>\J)OSl'd. l!mvcvcl·, st:ggc~!ions as 
to the genetic relations between these two major rock types as well as the 
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sourc..: regions for each seem nearly as varied as the number of probkms l t 
studied. Apparently, no one individual or group has examined rocks of 
either type from more than a few of the islands within the arc. 

The most important recent papers relating chemistry of igneous rocks to 
tectonics arc papers by Tomblin ( 196X, 1969) and Donnelly et al. (in 
press). Particularly noteworthy in the tight of Fink's work ( 1 96X) and 
earlier work of Donnelly ( 1967a) is the conclusion or Tomblin ( 1969), 
ha~ed on earthquake data, that the Eastern Anti!J~~-Jl!'c;: __ is_s_rQ~~.l~!!!!Jeg ~ 
into blocks, !Vil!l each dcvcjoping its (2..!YJ.L~U:.s;s .12attcrn during sc:_~_-tlo9r 
sprqdin~,;. This in tt,Lrn, he suggests, would :t!lccL_e..;!l!L~_t~distribution, 
ckpth of magma genesis and timing of volcanism within_ each bluck. This 

1 
individual blocklikc behavior is in addition to a major structural control---a 
westward dipping Benioff Zt)ne. which has produced volc:1nic centers in a 
general north-south arcuate line. 

2. SOUTIIERN ANTILLEs: It is very uncertain as to what happens to the 
Lesser Antilles structural trend south of Grenada. Weeks ct al. ( 1969) and 
Lattimore ct al. ( 1970) suggest that this structural trend is traceable into 
the Paria Shelf. However, the rock types on Grenada (unmetamorphosed 
sediments, basalts, and andesites) do not correlate with the older, highly 
metamorphosed rocks and complex structures in northern Margarita. What 
is known about the rocks in Margarita (W. Marcsch, personal communi­
cation, 1970; Taylor, 1960; Hess & Maxwell, 1949) suggests similarities 
to basement rocks in the Venezuelan coastal ranges .. 

Tn the summer of 1970, the writer participated in R/V PILLSBURY cruise 
P-7007, during which landings were made on Testigo Gr:mde and Fr:~iles 
Grande, located between Grenada and Margarita, on the continuation of the 
Eastern Lesser Antilles trend. The rocks from these islands proved to be 
essentially unmctamorphosed, in contrast to those in northeast Margarita 
less than 20 km from Frailcs Grande. One might be tempted to look for a 
fault separating these rock types trending approximately N45oW between 
the Ft·ailcs Group and Margarita. A shallow-level fault with approximately 
that trend has been suggested by Lattimore ct al. ( 1970) between the Tes­
tigo lslands and Grenada. 

.E.ctcr. ( L92lLPJ'.C.S.crlt'! evidence that the strl;!_ctur<tl. trencjs __ Qf_fu~-~"-~~-­
Ridgc, .LG~2~Lbntillc~ .. Jl!'C, and Grenada Trou.gh. £XJcnd .!9_ 65 Q~L..i~b .. e._re 
th_<:y nrc .. ~ith~LiPterruptcd or truncated by a .trrajorJ~W-SE fault sys~cm 
bo~~~~JjJ1_gth_e J:,os_;Bggues Ca_~on.Lcon_!!nu!J1_g_~long the Uric~J~l!_.<?_rl_~borc. 
He ~ggg_~s.t' that this fault ZQ!KhasJl.<!.911 jn e)(j_~!£!1~c .s~ng:_(retacegJ:Jc~"-~yhi.£}1 
\\:ouk!_~ben .<_tllg __ ~_ti.ttk east_-wc::;.t1lit!Plitccm~nt _:.llo.ng 1he. .. north~-Ycnc­
Z\Jij;mJ..llilllii.!l durinuh~--r~~!ozoic. 

Ttl'.' ha-;emcnt ~~r rock.; of Aruba, Bonaire, Cura\aO ( Lagaay. 1 q69; 
Beets, 1 968; 1\riacDonaid, J 'J68J), although simihtr to one another (basic 
Ia\ as, tuffs, dikes, and sills and larger diorite to granite intrusions) seem 
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not to be related to the Eastern Antilles (Fig. 2). The olfshorc islands of 
Blanquilln, Orchila, and the Hermnnos grm(p also have quartz tliuritc in­
trusions. Amphibolite also occurs in the Los Herm,1nns island group ( Ma­
loney, I9Mn and on Ore hila (Schubert, 1970). Thus, neither docs this 
entire group of islands have a geology similar to Margarita. 

One might presently postulate that Margarita, Tobago, and Trinidad (also 
anomalous islands in the Lesser Antilles) have formed on the South Amer­
ican continental shelf independently of the Lesser Antilles. Aruba, Bonaire, 
Curn.0J.Q..Jil.illl~ll!illa and the Hennanos !!,roup perhaps belong together :~s 
anotlwr imkpcndcnt noup. The few radionwtric d::tcs reported on diorite 
intrusions ( Lagaay, lt)(,lJ) within the basal complex of bnth Aruba ami 
Curac;ao fall within a 65-XO m.y. range. Similar dates have been reported 
fr.mujntrusivc rocks dredged from olTshon.) of Blanq uilli\_Qt;~!-1 ___ 1~_"Z_l) _ _a~~~~ 
the wc:~!crg_jlank of the southern Aves Ridge (geological hc<!r~~i:.i.._S-~_': __ ~ifso 
Fox & Hcezcn, 1969), suggesting a con nc:ction bqwggn these islands and 
tfi£-.AYeS"R.TCfge: The tw~ __ ESJUld _;:~ry-~vcll be ~Il- older arcuate structure 
inside the Lesser AntWcao an;.. MacDonald (196Sd) suggestea tfiat there 
are similarities in metamorphic facies bet\veen Aruba and the Guajira Penin­
sula, indicating a westward extension of tliis older arc to at least the Guajira. 

Several writers, amongst them Barr & Saunders (1968), Barr ( 1958), 
and MacDonald (1967) have postulated a major fault separating the struc­
ture of the Eastern Antilles from northern South America. This fault has 
not yet been found, and extensive seismic profiling work (L. Austin Weeks, 
personal communication; Hurley, 1966) indicates that this fault docs not 
exist (see also Weeks, 1971; and Bassinger et al., in press). 

Central An1crica.-{n contrast __ f&. the GCQ.a.li:L!.!lliLL.c:;$LAntillcs.,.. _ _the 
Central American region has a basement of PukozQjc and pcrlwps older 
continental crust Dengo ( 1962, 1967, 1969a) and Dcngo & Bohncnbergcr 
( 1969) have presented the latest and most complete summaries of that 
region. Central America is defined by Dengo (1967) as "the land and con­
tinental shelf area which extends from the Isthmus of Tehauntepec in 
Mexico cast- and southeastwards to the Atrato lowlanJ in Colombia." It 
is divided into two main geological units which had difTcrcnt tectonic his­
tories and present different crustal structure. 

North of central Nicaragua, the basement is Paleozoic or older rock 
overlain by upper Paleozoic, Mesozoic, and Cenozoic sedimentary rocks. 
The basement in this region presents two areas of metamorphic grade: meta­
morphic rock of the amphibolite facies ir: the northern part of the province, 
and phyllites and schists of the greenschiH fncies in the southern part. These 
areas are essentially separated along the Motagua fault zone in central Gua­
temala, a NE-SW zone of complex struc:,xes and faulting. 

The oldest rocks in all Central America are in the northern province and 
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are either Precambrian or early Paleozoic. The closest dated Precambrian 
terrain is in sou!hcrn Mexico (Fries et a!., I 966), hut the relationship or 
these ages to the northern Central American province is unknown. Gomberg 
er a!. ( l96S) suggested a Devonian age for some of these rocks which are 
carrying Precambrian zircons. Recent determinations from a core in the 
Yucatan indicates a probable age of 420 m.y. and a possible metamorphic 
event at 330 m.y. (written communication by M. N. Bass, reported by 
Dengo, 1969a). 

Pre-M~~ozoic rocks arc not known south of ccnlral_Nicaragua. B~~:~E!.t;.~l 
mcks here arc Mesozoic basic volcanic and hypabyssal igne~ms rock~.\11.. 
subordin~ttc sedimentary rock~. 

-~~U~!:~l_:'_~l)c;:~ __ sh:,tE.~_:l!_0J}vc_ volcanic provin~e on the Pacific s_~!.l:_p_~tr­
:!IJ.L:~ \O_ the _Middle American Trench, a~_.!Y.t:!L~t5J1aV!Dg lillf:...Icrli<t[.Y._'i~)l­
c}c~i~.!!l.i!:!_commgn._ The tectonics and volcanism of this late-Tertiary-to­
present-day volcanic province have recently been reviewed by Dengo et a/. 
(1970). 

Dcngo ( !969a) reviewed several past papers in which authors have at­
tempted to correlate the Paleozoic belt of Central America to the southern 
Appalachians; he pointed out that all of these correlations depend upon 
rotation of northern Central America in one way or another, if such a con­
tinuation is upheld. Dengo (ibid.) supports the view that the Paleozoic 
history of northern Central America can be linked more easily with that of 
Mexico and that this docs not rule out the possibility of drift at the end of 
the Paleozoic. Kesler & Heath ( I 970), on the basis of a structural study 
of Precambrian metasediments in Southern Mexico, support the idea of a 
Precambrian structural belt from Texas into Mexico. 

Special mention should be made of the wide zone of serpentinites and 
serpentinized !X~ridotitcs tlwt crops out from Chiapos, Mexico, through 
Guatemala to the Bay Islands off the coast of Honduras ( Dcngo, IY6<Jb; 
McBirncy & Bass, 1969a, 1969b; Kesler eta/., 1970; Donnelly eta!., 1968). 
Major fold axes turn from NW-SE to generally NE-SW along this trend. 
Also, several major faults, perhaps related to the Bartlett Trough, are 
present in this area with roughly NE-SW trends. McBirney ( 1963) and 
McBirney & Bass ( 1969a) suggested that the ultramafic rocks represent 
mantle material emplaced along the fault zones. Some support for this idea 
comes from the presence or such rocks as amphibolite and eclogite ( Dengo, 
1967; Me Birney et al., 1267), along the same zone. 

Dcngo { 1969b) points out that these serpcntinites occur in :m area where 
the crust is continental in character, pre-Carb{)niferous in age, and that they 
have been remobilized several times after having first been exposed to the 
surface durin~ the Maastrichtian (Bonis, !966). 

!kwjkd :;t:oln~:ic: :;tudks on the l;ut~.jward ntcmion of the Bart.!_e_tt f;~ult 
~ystl.:m tiU:QtJgb Q~Ftt£mala anc!.JJ9I!hSXD·.li2£1J!l!n.~S,_(QQI!.!l£lli: .. ~f pf,, 19611; 
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Mc13jrney & Bass, 1969a: Meyerhoff, I CJ66) show no cvidcnq:. he1-c_ for~ 
major~Jc.:ft _lateral. post~Crcta~cous ()!Isct_~j.bS. sy,;tem suggested by ~ 1~.::~ & \V' 
Maxwell _ _( 1953). 

Dcngo ( 1969a) has suggested that if the scrpentinitcs in Cuba and Gua­
temala arc eventually proven to have had continuity in some past time, their 
separation now indicates relative northward motion of Cuba which in turn 
would imply that the Yucatan Basin is younger than the Colombian and 
Venezuelan basins. Thc.!:kU.Ltionshiu of the gcologv of Cuba to the gcol~)gy * 
of Centr.al AmgcLc;;lan!J.JQJb.\i_lli!itn[~ of the Yucatan Basin is unkn9wn. 

Soutlrcm North Amaica and tire Halwnws.-ln evaluating evolutionary 
geological processes concerning the Caril1hean and the Americas, the most 
important struclllral trend in southern North 1\mt:rica is that of the Ap­
palachians. Southwest-trending magnctk anomalies described by Heirtzlcr 
et al. ( 1966) in the west Florida shelf strike along wilh the southwest trend 
of the Paleozoic Appalachian structures, which disappear under younger 
cover in central Alabama, suggesting a westward suhsurfacc continuation. 
However, Paleozoic, igneous, and mctavolc<inic rocks have been found in 
wells as far south as central Florida (Milton & Grasty, 1969) and Gough 
(1967) describes southwestward trending magnetic structures in this area. 
1t would be ditftcult to reconcile the southwestward trends in both these 
areas to an Appalachian projection through the Ouachita Mountains toward 
the west as proposed by many workers without either a large left lateral fault 
in northern Florida or "pull apart" between the western edge of the Florida 
shelf and the Ouachitas (Muehlberger, 1965; Tanner, 1965; Bass, 1969). 

Equally tenuous are extrapolations of the Florida Paleozoic basement 
south toward Cuba or to the cast toward the Bahamian platform. The age 1 * 
of the "basement" rocks in Cuba is obscured by metamorphism (sec section 
on Greater Antilles), the geologic history across the Florida Straits toward 
Cuba is complex (Bryant e/ al., 1969), and the nature o[ the rocks under-
lying the carbonate rocks of the Bahamian platform is unknown. 

RcceQ.t models of the geologic history of t~I?ahag:!J_an elatform ( Lynts, 
1970; Di~..1Jll.~a_region of 40..,.QOO....squ;;u:c..miles.,-.. PJ.:C<~.in.te.r­
esting speculatiYJL!!!Q9_~~ yvhi~Ju)_tt.2_m.l1.l.lQ..Jt~- together.Jh~_!?aham<J.?., .. the 
CillihQQ.ilil. ~Ul!.Ls.~or.s.prcading. The facts that these and other hypoth­
eses must account for arc: ( l) the l3allamas are presently seismically in­
active; (2) the regional topography is characterized by deep troughs, 
shallow banks, and low-lying islands; (3) evidence from two wells, one on 
Andros Island (Spencer, 1967), the other <)11 Cay Sal (Furrazola-Bcnnudcz 
et a!., 1964), indicates that the Bahamian platform since the Lower Creta:. 
ceous has subsided on the order of 5000 m: both welis penetrated essentially 
continuous shallow-water carbonates ( milhll' anhydriit,' in thc Cay Sal wl.'il): 
(4) there is no room for the Bahamas in the current prerifting reconstruction 
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models such as suggested by Bullard et a!. ( 1965); (5) the nature of the 
platform basement is unknown aud its depth, although probably irr..::gular 
is a controversial topic (Emiliani, 1965; Furrazola-Bcrmudez et at., 1964; 
Talwani et al., 1959; Sheridan et al., 1966; Ball, unpublished data); (6) 
JOIDES Site No.4, drilled cast of San Salvador, bottomed in Upper Jurassic 
sediments at 279 m, and seismic rc!Icction results showed approximately 
400 m of sediments below that to acoustic basement: while at Site No. 100 
in approximately the same area, basalt was encountered at 315 m overlain 
by limestones of latest Middle Jurassic age (Deep Sea Drilling Project, 
1970b); and ( 7) the timing and relative importance of faulting, folding, 
subaerial erosion, submarine erosion, and carbonate upbuilding in con­
trolling the Bahamian topography and history is unclear (Andrews ef al., 
1970; Ball, 1967; Lynts, 1970; Hess, 1933, 1960), although it seems gen­
erally agreed that submarine erosion and carbonate upbuilding have con­
trolled the bank configuration at least since the Early Cretaceous. Recent 
results from JOIDES Site No. 98 support such a carbonate upbuilding upon 
a subsiding platform since at least the Middle Cretaceous (Deep Sea Drilling 
Project, 1970b). 

Sheridan et al. ( 1970) have pointed out that the oldest sediments found 
in JOIDES Sites No. 4 and No. 100 arc deep-water facies implying little 
or no vertical movL~mcnt cast of the Blake escarpment since Late Jurassic, 
while, to the west, vertical subsidence h:ts been extensive. They h:tve pre­
sented evidence for tilting along a subsurface fault 8 km cast of the escarp­
ment bordering Great Abaco Island and striking parallel to it ( approxi­
mately N20°E), as well as evidence for right lateral movement on another 
fault (Great Abaca fault) striking at right angles to the first fault. 

A major unsolved problem is the relationship of the Bahama ph~~orm:. 
to adjacent regions. Southern Florida to the northwest and the B1!_k_e__E!~:-
tcau to the north as well as the Yucatan to th~. southwest apparcn~J~~,)1~~vel£\ 
had histories similar to that of.J.te Bal}~mas since the _ _?arly_ Cretac~ous ® 
(Hcezen & Sheridan, 1966; Sheridan, 1968; Deep Sea Drilling ProJect, 
1970b; Sheridan eta/., 1969; Malloy & Hurley, 1970; Paine & Meyerhoff, 
1970), while immediatelv to the south a volcanic island arc was developi!}g 
during the same time. 

Northern South A maica.-Reccnt summaries of the geologic history of 
all or part of northern South America arc included in the reports of Mencher 
( 1963), Ox burgh ( 1966), Menendez ( 1967), Morgan (1967), Bell ( 1967, 
l%8), MacDonald ( l968b, 1969 ). Schubert ( 1969), and Gonz;llcz & 
Munoz ( 1968). Some 1 8 Ph.D. !-.tudics and other papers directed by H. H. 
Hess have been completed in s..::kcwd areas along an approxim<1tdy e:l:;t­
wcst line from th..:: Cluajira Pcnin~uia in northern Coloml>ia, tl1!'lltlgh the 
Venezuela Coast Range and the Araya Peninsula to Margarita and Tobago. 
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These are indexed and several have b..:cn publi~hed in three puhlicat!ons of 
the Geological Society of America dedicated entirely to Caribbean geology 
(BulL Geol. Soc. Am., Jan. 1953, March 1960; and Mcm. Gcol. Soc. Am., 
No. 98, 1966). Several others were published in the Transactions of the 
five Caribbean Geological Conferences held to date, as well as in foreign 

publications. 
The presence of pre-Mesozoic rocks in the Ca:·ibbean Mountains of 

Northern Venezuela has never been demonstrated, although long suspected. 
~s~ntlyiti~l2~lieved that the metamorphic rocks of £~l!l!lon0~~!l S_p~tth 
America from Trini<tJ£Lto. the. Guajic<L~er.~ ... J:I2£!.<.'l!l1...2£I?hg.:>£ .. <L during the 
Cretaceous early Tertiary jo.t~.siudo.g,.n •. ssa:i~.~}'..NJ!L!mi5.QQ.~? .(Hess, 
1960b). As in the Greater Antilles, metamorphism has complicated the ra­
diometric age determinations and interpretations of suspected pre-Mesozoic 
rocks in these areas. 

MacDonald & Hurley (1969) reported a Rb-Sr age in the west of 1400 
m.y. (the oldest known rocks in Colombia) from a high-grade metamorphic 
rock (horneblende-plagioclase gneiss) on the northern !Iank of the Sierra 
Nevada de Santa Marta in northern Colombia, confirming the geological 
deductions of Gansser ( 1955) concei:ning their Precambrian age. Mac­
Donald & Hurley ( 1969) suggested that this area represents an uplifted 
remnant of tlw Guavana Shield, which extends northwestward henc:tth 
younger sedimentary ;.ocks into thl.' i\ndes or Venezuela and Colombia. To 
the south, some 800 km, Precambrian ages o[ about 1200 m.y. have been 
reported from localities ncar the Macarena Mountains cast of the Andes 
in eastern Colombia (Pinson et al., 1962; Hurley et at., 1968). Bass & 
Shagam ( 1960) reported Paleozoic Rb-Sr ages of some metamorphic rocks 
of the Venezuela (Merida) Andes. 

However, in most of northern Colombia and Venezuela, thick Mesozoic 
and Tertiary deposits obscure the pre-Mesozoic (?) rocks. In the Guajira 
peninsula MacDonald (1968b) described metamorphic rocks of possible 
pre-Mesozoic age intruded by granodiorite. Pegmatites associated with the 
granodiorite yield a minimum age of 195 m.y. ± 4 per cent. MacDonald 
(ibid.) believes that there are two periods of pre-Mesozoic as well as a 
period of late-Cretaceous-to-early-Tertiary metamorphism. The rocks in 
this area are mostly sediments and metasediments. Volcanic activity was 
minor in the Mesozoic and absent in the Tertiary. 

To the cast, in the coastal range of Venezuela, there arc two major series 
of metamorphics: one metasedimenl:try sequence to the north {Caracas 
Group) and one essentially metavolcm1ic sequence to the south (Villa d~ 
Cura Group). These bclts extend for several hundred kilometers in :m ;:::st­
west direction anJ for most of this distance arc s..:paratcd by a faliiL L1.lllC 

(the Paracotos graben) within which are very lightly mctamorphosl.'d ..,;,:Jj~ 
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mcnts of Late Cn.:taCClHlS age and seqx:ntinites. The age of these belts rela­
tive to each other is unknown, nlthough the Caracas Group is considered by 
nwny to b~.: oklt:r, originally overlain by the Villa de Cura Group. The Ca­
racas Group rests uncomformably on the Sebastopol granitic gneiss complex, 
<llso of unknown age but presumably of pre-Mesozoic ('?) age. One other 
possible pre-Mesozoic basement outcrop is the Tinaco Complex, a meta­
morphosed !->edimentary sequence of arkoses and impure qumtzitcs (Ox­
burgh. 1966), occurring between Tinaco, El Pao, and Tinaquillo. The 
oldest dated rocks to rest upon it arc unmetamorphosed Albian limestones 
( Rcnz & Short, 1960). The rocks arc metamorphosed to the almandite­
amphibolite facies, a higher grade than the Villa de Cura Group. Menendez 
(I 967) correlated some of the units of the Caracas Group with units found 
in the El Tinaco complex, reinterpreting them as basement exposures. Fur­
ther, Menendez pointed out that the presence of dated Late Jurassic beds 
along strike in the metamorphosed phyllites, quartzites, and recrystallized 
limestones in the Northern Range of Trinidad (Barr & Saunders, 1968: Pot­
ter, !968; Furrer, 1968) and of possibk Jurassic fossils from the Las Brises 
formation (Wolcott, 1943; Dusenbury & Wolcott, 1949; Bucher, 1952) 
favor a Late Jurassic age for the base of the Caracas Group. 

In general, metamorphic grade in the coastal ranges increases to the north, 
over most of the range. Cretaceous (Albian?) metamorphism was most in­
tense (Hess, 1960b), and other periods of metamorphism may have ranged 
into the Eocene (Von der Osten & Zozaya, 1957). Much interest has cen­
tered about the problem of the relation of the Caracas and Villa de Cura 
Groups. Presently they arc nowhere in contact. Based on structural, palco'­
geographic, and metamorphic grade interpretations, the majority opinion 
suggests extensive gravity sliding and/ or thrusting of the Villa de Cura 
Group south to its present position (Menendez. 1962: Seiders, 1962: Bell, 
1967; Hess, 1966). Bell (I %7) summed up much of the earlier evidence 
for the movement of this massive unit (approximately 100 miles long, 12 
miles wide, and 15,000 feet thick) and suggested, on the basis or his work, 
that the Villa de Cura Group moved 45 km south during Maestrichti<m. 
through Miocene time, although Menendez ( 1967) favors a late Macstrich-, 
tian time of Villa de Cura sliding. 

MacDonald ( 1969) noted similar southward thrusting of metamorphosed 
Mesozoic rocks during Latcst Cretaceous to late Eocene in the Guajira Pe­
ninsula. He made the important observation that the direction and timing 
of this thrusting-gravity sliding appears to be regional (Santa Marta, Colom­
bia; Guajira; Paraguana Peninsula; Caribbean Mountains, Venezuela) and 

sugg..:steJ ~.Lregio~~':!J?"!~~~~~:-~.<:-~?2It!.:_,~<trib~eal1 at, or nort~ of, the present 
coastli~ur!~ the .:.~!l~c_s·~~~~ceo~s £1!~-~~l~ry- X c_rE~try. 1~UJ9.7P Lang_ 
~i~!~<:J~Iltt_vry Ll219)~121lY~.-~Y£g~S1~9 CacibbeiJn plate motions other than. 
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r_ight.M~.!:~tl_~vjt_h n:spc;s:Ut~e ... ~!ll<?.!:J~:l:!_P.l~!S-l.!l.~~rder_J_o_~~J?}~~!!_<~y_cr­
thrusting episodes. 

Menchcr (I 963) pointed out that genl'lic and structural continuity of th.: 
Venezuelan Andes and the Venezudan coastal ranges is questionable since 
these two ranges tlifTcr from each other in the following ways: " (a) The 
Coast Range had its origin in a trough of geosynclinal character, the Vene­
zuelan Andes did not. (b) Many of the Coast Range rocks were meta­
morphosed during deformation; no metamorphism took place during the 
Andean orogeny. (c) Volcanism was common in the Coast Rang.: both 
before and during deformation; no post-lower Miocene volcanism is known 
in the V cnezuelan Andes. (d) The Coast Range has a belt of scpcntinites; 
the Andes do not. (e) The major deformation of the Coast Range was Mid­
dle to Late Cr.:taceous; that of the Andes was latest Eocene to Mioc~.:ne."~ 

On the other hand, Hess ( 1960b) suggested that there may be a close 
connection between island arcs, alpine mountain ridges ( specitically, the 
V enczuelan coastal ranges), and gcrmano-type mountains such as the 
Venezuelan Andes. He suggested that "the mechanics of deformation in 
these cases are similar but the thickness and character of the crust an: 
different, hence the structural results are different." He agreed that the 
Venezuelan Andes arc somewhat younger than the coastal ranges and the 
Greater Antilles but suggested that the area is an example of transitions in 
structure along a continuous belt from oceanic crust (the Antilles) to mar­
ginal continental crust (coastal ranges) to continental crustal conditions 
(Venezuelan Andes). That the crust under the Greater Antilles is different 
from that under the coastal ranges is suggested from the fact that serpentinite 
and basic volcanic rocks occur in the cores of major anticlinal structures in 
southwestern Puerto Rico, northern Dominican Republic, and eastern Cuba, 
while granitic rocks arc in the cores of major anticlinal folds in the Vene­
zuelan coastal ranges. 

Marine Features.-1. GuLF OF MEXIco: A wealth of data concerning the 
nature and origin of the basin of the G11lf of Mexico can be found in the 
following papers: Antoine & Bryant (1969); Ewing. Worzel & Burk ( 1969); 
Ewing, Edgar & Antoine (in press); Worzel, Leyden & Ewing ( 196R); An­
toine ( 1968); Gough ( 1967); Talwani & Ewing ( 1966); Heirtzler, Burcklc 
& Peter ( 1966); Ewing, Worzcl & Ewing ( 1962); Antoine & Ewing (1963); 
and Ewing et al. (1955). The most recent, comprehensive, regional review, 
including an extensiw reference list, is that of Paine & Meycrho!f ( 1970). 

In 1955, Ewing eta!. suggested from seismic refrnction data that the crust 
underlying the Gulf of Mexico is thin and of oceanic character. Later work 
(Ewing et al., 1960; Ewing et al., 1962) showed that although the Gulf 
basin has a much thicker sedimentary sez·tion than that in a typical oce•m 

2 Permission to quote was granted by the American Associ::ltion of Petroleum Geologi~ts, Tul>a, 
Okl~homa. 



.\II(! /lullctin of 1\larim· S!·intCI' 

I § 

I 
~-~ 

·' . -~--I 
"\. ) •i 1-.~ 

8 ,.. 

II I' ... . 
~~I ·~ / n'•, 

,.,l\ .~~., ,; ! ~ 
,,-,V) I 

I\,: :'/ I ', 

C/) 

w 
..J 

:::< 

.R 
"' 

¥ ~;~~(: 
7 .. 

<t 

"' 
;\ 

' I' ' .. 
w ~:,. ' 
:J: '- ~ ., 1'-: 

~ ~~ ~ 

"' <t 
v 

~ ;§ 11: 
..... : ~- I..J ' ~ ' ;:-.,"II; 
'::) l :5: 

~ I ~~~~~:_ :zLg ~-~l 
-~.,. '~~:-
w I '~ ,oN 

~I o ~:: 1: 
<t I 0 : ... ' 

" IJJ )' 
"':; : .. ;;:: 1-;\:. 
~~\:, 

~ ~ :: N:/~ 
~~ \ 

~ :\_'· .. , 

~ 

~ 

~ . 

r~ :::l : \\ ~\, 
(!') ... ~ ~: ~ \ ~\ ~ 

~!. Nr N \ 1

1 ... , : ~ 

' ' 

N\ 

.:_;. 

... 
~ 

.. 
" 

" ., 
;:, 
~·; 
X 
w 

m 

" 

. . 

<r TTTT'n111111111. 
0>t(Q:::,0~£';~~ 

S~3.L3>'101~> M H!d30 

' ' 

. 

0 
;z 
0 
0 
UJ 
Ul .... 
"' a: 
w ... 
UJ 
::E 
0 
:: 
"" ::: 
"' w 
... 
0 
0 
..J 
w 
> 

0.,a)~~2~,~ 

0 1- . -- - -+LUlU U.J .. HJ.~ J..lJ 

"' w 
..J 

i 
..J 
.q 

!::! ... 
:;;;) 

<t 

1: 

8<t 
:0: 

w 
(/) 

~ 

z I 8 rN 
z I -
w 
0 
z 
<t I z 
\;:; 3 
o, 

: "--i 

I w 

\ en 

113 ill 
" --

I (( 
I <( 

I o 
~-~ 
I 
I 
i 

I 
I 

L8 
I"' 

~'!'! ~·;~ :l I ~ /~ 
lb '" D) 110 

:>~. ~ ·~ ~.1. Ill l,~ 
' . ' \ 
J I I 1 
1 t I ' 

: ~ ~ 0 \ N 
(~1 ;t ,: {.; :: : 
'' ' '' ' 

l
: : : : 
,, ' ' 
I \ 

~~~ tH :' \ 
'' 

~ 

I I \,\ 

I '. '• ·''• :: { 

~~ ~ :\ ~ 
w ....! I -., 
~ I ' 
- I \ 

"' ' ' 

I 
: ', 
I ' 

2' ' ' 
~ 1 I I 

z ~·· ', ~~ :ril:; ,../' 
0:. ,.;' ( .. ~ ........ • 

~ ~ '14r, «! '1 ~ 

~;\~ l;?:(·~ .. 
z. ·: : . ' ' a . ' ' 

~;;' 5 ~;:i;;; ~·-- ~ 
'1:i"' ~~ I~ 
:.,: "" 
'' '' :: ,' 

'~ '! ~ 8-----rl: i 
~~~_=r ~\~~ _:_u; ~ ~ 

u ' ; ' 

l 
!) 

\ 

~ 

,_1/('.?) 

~j, 

.5 
~ 

I-Ll 

E 
0 .... .... 

"Cl 
Q) 

;;:; 
"0 
0 -""" "---' 

-~ 

r'\ --
"' :.;:; 
r g 
"6 
u 
d 
c 
<'.) 
O{] 
o;! 
~----.... . C'jo 
U\0 

0\ 
o-..... 
...-_ci) 

<·s "---':::: 
~~ 
~o<l 
1) <'.) 

f-4c 
~·o 
1:<~ 
0 c 
~~ , ;> 

u '(;] 

z Q 
0 .... c: .... 0 <t .... 
a: ....... 
liJ 0 (!) 

"' < q: 
)( c liJ _g 
..J ti 
<t o:J 
0 '/) 

.... C\1 
a: .... 
liJ ;::! 

> u 
;:; ... 
:/) 

...; 
;.; 

"' :::;, 
0 
~ 

1'>711 Nug/,·: ( 'urihh<'llll ( :cologl', I V70 ,V)7 

--------- -- ;J.;:---- c;f~ ( !W -.-- - ·'· ?1 
~~--,~\ I . ..... , ·. o"' , .... 1 A.:w.~,~~ .. 1 cr~- ..... ~ 

~ . 
·~~ <"J'_. i 
I 

4
'l'\.,. '<o 

<,~~ ~,.., ~ 
... ('.0 IS'C'~ r ... -~-._,. -~' ... 

h~ ~-
/· ,.,._'?' }) /' 

30" 

,/ ~~·· 

ATTRillUTEDTO~ ,-',;:Z c"' ·\\- -, ,;:;;·x~ 

' ) ~"•/OJ //;~sv /r //1 
FOtDEO 11[GI0N } j ·:0(..-"""~~1(: 

7 0. __ .,,,:.,·,-"" 

~· ~ t111 G7i1 REGION OF SALT STRUCTURES 
l!ill KNOWN AND PROBABLE 

20" 

90" 

~REGION OF GYPSUM· 
~ANHYDRITE 

so· 95' 

FIGURE 5. Physiographic diagram of Gulf of Mexico, showing locations of 
Sites l, 2, and 3, from Deep Sea Drilling Project, Leg I. (From Ewing, Worzcl, 
Beall et al., 1969.) 

basin, the crust underneath is oceanic (Fig. 4). Tn the Gulf basin an oceanic 
crustal layer (V,. == 6.6-7.2 kmjsec) about 6 km thick is overlain by layered 
rocks or 6 to 12 km thickn~ss. 1\n awr;1gc value or crustal thickness above 
mantle velocities ( V 

11 
::::: 8.0+) might be 16 km as compan~d tu avaag~: 

oceanic basin crustal thicknesses of 7 km and continental crustal thicknesses 
of 30 km. 

Most fascinating has been the discovery over the past 16 years of exten­
sive areas of knolls around the rim of the gulf basin and extending into the 
Sigsb~e Deep. Many of these knolls arc suspected and known salt domes 
(Fig. 5). The basic problem is that the deposition of salt in an ocean basin 
this deep is unlikely (although possible I Schmalz, 1969]) at the temperatures 
ami pressures prevalent. Ewing et al. ( 1962), Antoine ( 196g), and Antoiac 
& Bryant (1969) suggested that the saiL has migrated into the basin from 
the known occurrences around the basiu's rim. Alternatively, the h:tsin was 
once shallow sea or land, an unlikely pussibility in light of its subscdimcnt 

oceanic crustal structure. 
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Paine & Meyerhoff (1970) favor the view that the Gulf is an ancient 
ocean basin of Precambrian age. Moores ( 1970) also suggests this pos­
sibility. Leg 10 of the Deep Sea Dril1ing Project has established that the 
Gulf has been a deep-water basin since at least Late Cretaceous and in the 

southeastern part since Cenomanian time. 
A feature of some interest is that the available geologic and geophysical 

information indicate that Campeche Bank and the south Florida platform 
are much alike (Antoine, 1968). Antoine (ibid.) suggested that at one 
time these two areas were connected. Magnetic studies by Heirtzlcr et al. 
( 1966) indicate closed conformed NE-SW positive anomalies in both the 
west Florida shcH and north of the Campcchc Bank which trend toward 
each other but arc separated by a zone of NW -SE anomalies. Gough (1967) 
showed the same trends and inferred that a belt of volcanic-type rocks at a 
depth of approximately 9 km is following the NE-SW "Appalachian'' struc­
tural trend and that "Appalachian trends dominate the eastern Gulf of 
Mexico." That there are Paleozoic rocks underlying the Yucatan at least 
as old as Silurian has been mentioned previously. Ewing et al. (1960) 
implied crustal thickness greater than 30 km (continental?) under the Cam­
peche Bank, but they did not lind mantle velocities under the hank. 

Drake et a/. ( I 963) showed positiw magnetic anomalies o(T the cast 
coast from Nova Scotia to Florida, which arc aligned with the anomalies 
in northwest Florida. Gough ( 1967) pointed out southeast or these a par­
allel set of anomalies, which he calls "volcanic type" trending from the east 
coast of Florida to the Campeehc Bank. This set of anomalies trends toward 
the Blake Plateau, perhaps indicating volcanic rocks in the subsurface there. 

2. THE CARIBBEAN: Most of the marine geophysical data wihin the 
general Caribbean region is reviewed in papers by 01ftccr et al. ( 1959); 
Edgar ( 1968); Bui1ce et al. (in press); Hurley ( 1966); Fink (1968); 
Ewing, Antoine & Ewing ( !960); MacDonald (1967); Donnelly (1964, 
1967a); Ewing et al. (1967); Ewing, Talwani & Ewing (1968). Recent 
papers which have focused attention on the Cayman Trench indude those 
of Meyerhoff ( 1966); Bowin ( 1968); Gough & Heirtzler ( 1969); Ewing, 
Antoine & Ewing ( 1960); Banks & Richards (1969); Fox & Schreiber 
( 1970) and Pi net ( 1970). Beginning with V cning-Mcinesz et al. (1934), 
Ewing ( 1937), and Hess ( 1933, 193R), papers on some portion of the 
Puerto Rico Trench or its vicinity haw been appearing with surprising fre­
quency. Some of the more recent studies in this area of the Caribbean in­
clude those of Ewing & Heezen ( 1955); Ewing & Ewing ( !962); Hersey 
( ll.J62, !966); Bun-::e & Fahlquist ( 1962): Talwani ( i 964): Bow in, N:tl­
wa;K & Hcr~cy ( 1966): Monrue ( 19Mq; Savit et a!. ( i 9(•·-i); iwn '-: & 
1-h:rscy ( \%6); Griscom & Geddes ( !lJ66); Bunce, f:thlqtds~ & ( ·~t..,u:,;h 
( 1969); Glover ( !967): Chase & Bunce ( 1969); Bunce ( l %6); Ewing, 

Leonardi & Ewing ( 1968); and Bracey & Vogt ( 1970). 
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2a. The Yucatan Basin, Cayman Ridge, Cayman Trough: The Yucatan 
Basin has a relatively thin crust (approximately 9 km) consisting of a VP 
6.6 layer of about 6 km overlain by layers of lower velocity totaling 3 km 
(Fig. 4). These layers presently cannot be correlated with the structure 
under the Campcchc Bank, where the top of the mantle ( V"= R.O or greater) 
has not been found. Across the Cayman Ridge the 6.6 crustal layer thickens 
to about 10 km and, while mantle velocities have not been found, the total 
crustal thickness is postulated to be in excess of 20 km (Ewing et al., 1960). 

Seismic, gravity, and magnetic studies (Ewing & Worzel, 1954; Ewing, 
Antoine & Ewing, 1960; Bowin, 1968; Gough & Heirtzlcr, 1969) indicate 
that tll.!llhinnest~.usti.xuhe Caribbean area.(g12prox. 6 km) is fo.un<!_~_B..c!_er 
the Ca¥man Trough (Figs. 4 and 6). Here approximately ~.l<m_oC'segj­
mentary" laycrsAYn = 2.1-4.6) overlie 4 km of oceanic crust (Vp = 6.4). 
This crustal structure is in distinct contrast to that under the Puerto Rico 
Trench, where the oceanic crust is of normal thickness ( 4 km) or thicker 
( 8 km), and where mantle depth is estimated to be 12 to 15 km from the 
sea bottom on the basis of seismic data combined with gravity data (Talwani 
et al., 1959; Bunce & Fahlquist, 1962; Bunce, 1966). These results contra­
dict and supersede earlier models which predicted thinner than normal 
oceanic crust under the Puerto Rico Trench on the basis or gravity and 
limited seismic information (Worzcl & Shurbct, 1955; Ewing & Hcczcn, 
1955 ). 

Bow in (1968) showed a positive Bouguer gravity anomaly axis along 
the Cayman Trough which docs not cross the Windward Passage between 
Cuba and Hispaniola and docs not connect up with the negative anomaly 
trends associated with the extension of the Puerto Rico Trench. Bowin con­
cluded that the Cayman Trough structure is not a westwarg continuation .of 

·the structure producing the Puerto Rico Trench negative free-air an01paly 
b~..ad,_~yes into the Enriquillo liasLn-C!!l de 
SacJ.ro.ugh.tbrcmgb l::Iispuniola. Bowin believes the trough to be a tensional 
feature associated with crustal failure under conditions of an eastward drift 
of the Caribbean region and distinguishes it from the type of structure pro­
duced along the world rift system. Gough & Heirtzler (1969) stated that 
their magnetic data suggest larger and more irregular displacements than 
would be expected from a!f orderly pattern of normal faults. They also 
suggested that horizontal movement ur strike-slip faulting parallel to trough 
axis is the most likely way to produce the observed pattern. On the other 
hand, !Janks & Richards ( 1969), working with bathymetric, magnetic, and 
seismic data in the western end of the trough, found that their data arc di!ll­
cult to reconcile with strike-slip movement, but res(~mbk features associ:~tcd 
with block faulting and minor vertic:d and lateral moYcment of indiYidual 

blocks. 
l_JlJ)ill' _£~.£. con t_ru s t i n crust a l t hi c lsn£214 J,U:;lYili.'.,..arulm.;..lg!l c.ti c ... l1il U c rn s. 
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and pl'rhaps isostatic balance ( Fwing !'I of., 1960) imlicates that the troul!h 
and Puerto Rico Tn.:nch have di!kn..:nl_l~.t:J~l}Lc~_l)t:)_gjns,_ dilll.:n~nt agcs_._.Qr ® 
both. This observation docs not rule out~u,'§ibili.ty that both .katur.es 
fllaV now be influenced by simil~L..tsctg.D.ic _ _!1lOti9!1~· 

Fox & Schreiber ( 1970) have reported the discovery of granodiorite as 
well as metagranodiorite and metabasalt from three deep (3400m-6000m) 
dredge hauls in the Cayman Trough. Tentatively, they have correlated the 
mctabasalts with the VP 4.8-5.5 kmjscc layer and the granodiorite with the 
VI' 6.2-6.4 km;'sec layer known to underlie the trough (Figs. 4 and 6). 

Refraction results over the Nicaraguan Rise (Ewing et al., 1960; Arden, 
1969) show a thick crust consisting of 6 to 8 km of "sediments" (Vp = 1.7-
5.5) overlying a VP 6.3-6.7 layer whose thickness is unknown, but by ex­
trapolation is another 18 km thick under the rise (Fig. 4). 

"J}I_e __ J2.jst ure, then in this n:gion seems to be an area of thin crust of ~ 
0\:eanic type (Cayman Trough) ~ordered on the north and south bi-JTtfgcs . 
ol' continental crustal thickness (Cavman I~Jge anJ Nicaraguan Rise}. 

To the north the Yucatan Basin similarly has a relatively thin crust of 
oceanic type and is also bordered on the north (Campeche Bank) and south 
(Cayman Ridge) by ridges with continental crustal thicknesses. 

]h. Colombian Basin, Venezuelan Basin, Beata Ridge, Aves Swell, 
Grenada Trough, Lesser A ntillcs. and Tohago Trough: Representative sec­
linns llf oceanic crust from both the Atlantic and Pacific basins show crustal 
thicknesses of about 6.5 to 7 km (Ewing, 1969; Shor & Raitt, 1969; Ollicer 
et al., 1959; Raitt, 1963). Immediately above mantle (VI'= 8.0-8.4 km/ 
sec) there is about a 5-km-thick oceanic layer (VI'= 6.6-7.1 km/see), 
topped by two layers: a lower layer (VI> = 5.5-6.0 kmjsec) about !.5 km 
thick and the upper (VI'= 2 km/sec) about 0.5 km thick. Maynard ( 1970) 
has recently suggested that wide areas of the Pacitlc may have a two-layered 
oceanic layer structure: a deeper layer of VP == 6.9-7.6 kmjsec underlying 
the normal layer of Vv = 6.8 km/sec. Presently this deeper layer is not ac­
cepted as a general feature of deep ocean basins but this two-layered struc­
ture docs have similarities to ocean crustal sections under such !'mall basins 
as the Caribbean (sec below). The question as to why this deeper layer has 
been seen in basins such as the Caribbean but never before in the deep ocean 
basins is unanswered. 

Ewingetal. (1960),0lliceretal. (1959), Edgar (1968), Fink (1968), 
and Bunce et al. (in press) have summarized in detail parts, or all, of the 
geophysical data in the areas listed under he:1ding 2 b of this report. The 
CJ:U)t;JL::i~'..~ti.9JlS_lJll~r the Colqmbian <Jilll Vcnez_ud:m hn>ins ar<' >imilar t\1 
~,•;tch NhN· both have jrrcl,'ular thickness (about 8-15 km thick) and both arc r.:fj 
structureJ dilkn:ntlv than either st:mdnrd oceanic crust or the sections under 'IffY 
~~ _ _(:_:~'!!lJ~Il Trough and Y d..:at:dl l3:1Sin, which have s~rong, simihritir.:~.Jo 
~w;;b oth~:c and IP nceanjc crust. By comparison, the normal oceanic :::y..:r 
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FIGURE 7. Crustal sections. (From Edgar, 1968.) 

1.:'/ ( 2) 

(V" =--= 6.0 km1 sec or greater) in the two major Caribbean basins is a two­
layered structure: an upper layer about 4 km thick (Vt, = 6.0-6.3) and a 
lower layer varying between 5 and 10 km thick (V[l = 7.0-7.3; Fig. 7) . .The 
composition of these crustal l_~gs [~main...L!JnknQwn_,_ so_JJ1at d.J;_Qatc _ _gyet: 
whether they represent either qlt~_rurimitive oceanic crust_.<?J.: __ ~tcred End 
foundered coutjueptal crust arQ interesting but presently unresolvable. Don­
nelly ( 1964) makes the point that more than half of the Caribbean crust 
consists of material "whose seismic velocity (about 7.2 km/sec) exceeds 
that of any possible sialic material and even that of basalt!" 

Perhaps the most importnnt cpnciusjQn so far derived from the prolikr 
work (Edgar, 196t(; Ewing, Talwani & Ewing, 1968; Ewing et al., i 967} 
in the C·lrihbcnP is ihat t~c interior b~1sins of_ the Ca_ribbe~n .s~..~a !:a~c bee:@ 
s.!ll.hk, d.;.~:_j)-}.\:::ttcr ~lJ.:P'~ ·-me~: 11L{J~1l~:~~~t.o'!c:2!.~~~()~.:'_!hly C_<tt:hl·r. l )Hs work 
h:\s shown two continuous, comformablc, rdkcting hotizou:; calkd the 
"Carib" beds, with strong rdlccting horizons at the base of each called A" 
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FIGURE 8. Tracing of seismic profiler record from the Cura<;ao ridge to the 
Virgin Islands platform. Turbidites cover the Carib beds in the lower marginal 
areas. Vertical exaggeration is X 25. (Adapted from Ewing, Talwani, Ewing 
& Edgar, 1967.) 

and B", respectively (Fig. 8). According to Ewing & Ewing ( 1962), seismic 
velocities in the beds above, between, and below horizons A" and B" arc 
1.8, 2.2, and 3.6 km/sec, respectively. These beds are in the uppermost 
crustal layers of the Caribbean basins and arc buried only by younger tur­
bidites ncar the South American continent and by small turbidite wedges 
ncar the Greater Antilles. The Carib beds arch up in the central part of 
each basin, bend down under the marginal trenches (Los Roques on the 
south, Dominican [or Muertos] Trench on the north) and rise conformably 
with the topography of the Aves and Beata ridges. The age of these horizons 
has been determined by dredgings near A" on a fault scarp (Edgar, 1968; 
Ewing, Talwani & Ewing, 1968), from which it has been deduced that this 
horizon is the Mesozoic-Cenozoic boundary. By extrapolation of sedimen­
tation rate, horizon B" would be near the Paleozoic-Mesozoic boundary (J. 
Ewing et al., 1968). It is upparcnt th~1t n.:sults from the Deep s~·a Drilling 
Program Leg IV (B::tdcr et al., 1 Y70) may call for a rcconsidcnttion or the 
ages of horizons A" and B" in the (:aribbcan area. ln the Vcnczudan 
Basin, at site 29, horizon A" was tkl.:.-nnim'd to be Eocene, pr~·-.umahly 
Lowcr-Miudlc Eocene, or about the :-.ame age us horizon A in the i\l1rth 
Atlantic basin, as determined on previous Deep Sea Drilling legs (Gartner, 
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1970; Ewing et al., 1970). The significance of the age of this horizon within 
the Caribbean basins and its possible correlation to horizon A north of 
Puerto Rico is great, since the units of sediment above these horizons dip 
under (apparently with constant thickness) turbidite sequences in the 
Puerto Rico Trench, the Muertos Trench to the south of Hispaniola, and 
the Roques Trench. This would seem to establish that these features cannot 
be older than lower Eocene. Hersey (1966) apparently dredged the layer 
above horizon A on the north wall of the Puerto Rico Trench and concluded 
that its age could be as young as Oligocene or at least as old as Late Cre­
taceous and further that the Puerto Rico Trench in its present form must 
be younger than Oligocene. Horizon A at site 28, Leg IV (north wall of the 
Puerto Rico Trench) is apparently middle Eocene as determined by the 
Deep Sea Drilling Program (Bader et al., 1970: 665). The age of horizon 
B" is unknown, but older than Eocene. 

The crust under the Beata Ridge is thick ( 18 km approx.) and apparently 
sim.ilZ\r !QJhi1LiiP.,.Q£r~lc;.1ragu~m Rise TE\1i~r-:·1968), although mantle 
velocities have not been recorded under either feature. Edgar (ibid.) sug­
gested that both the 3.9 kmjsec layer and the 5.9 kmjsec layer thicken under 
the Beata Ridge. He also suggested that this thickening may be present 
because of igneous activity or because the ridge :md the basement of the 
Nicaraguan Rise may represent relicts of former basin crust. Fox et at. 
( 1968a, 1968b) reported on Jredging and coring from a 2.5-km escarp­
ment on the western side of the Beata Ridge where they founJ a "ferro­
magnesian rich igneous suite" grading vertically upward to a diabasic 
igneous rock and shallow-water Cretaceous algal rock on the crest of the 
ridge. They found no metamorphic or hydrated igneous rocks. They sug­
gested that the ridge resulted from vertical uplift of the Caribbean crust and 
called upon Mesozoic subsidence of the ridge to account for the shallow­
water Cretaceous limestone capping. Edgar ( 1968) described the relief on 
the Beata Ridge as variable from one coring to the next, although the 
western side is a steep scarp without sediments while the eastern side drops 
in a series of steps (faults?) and reilcctors A" and B" arc easily recognized 
and noticeably offset. 

Bunce et al. (in press), Edgar (1968), and Officer et al. (1959) all 
have produced compilations of refraction and reflection cross sections from 
the Venezuelan Basin across the Aves Swell, the Grenada Trough, Lesser 
Antilles, Tobago Trough, and Barbados Ridge to the Guiana Basin (Fig. 9). 
M:tnt!e velocities have not been found under any of the area;; between the 
two major basins. Til~: t\vo-lay~~c:s:IJ::~riQQ~<~Q"9£~a-~}.£_£rU~t dips eastward 
umkr the westcrnJlillll5 .. of the Aves SwelL while thc_single-hyered oceanic 
crustal layer dips westward under the Barbados Ridge {sec dso Chase & 
Bunce, 1969). By inference we can assume that mantle velocities (V 1, = S.O 
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km;'sec or greater) arc at depths in excess of 20 km below sea level under 
all features mentioned, or alternatively that there is a mass of material of 
uniformly lower velocity which makes up an altered mantle under the entire 
area. The detailed geophysical knowledge of all mentioned features in this 
area arc covered in the papers by Bunce et al. (in press) and Edgar ( 1968). 
Of special interest is the increasing geologic knowledge of the Aves Swell 
which Bunce ct a/. show is made up of many topographic peaks of "basalt" 
material ( V" == 3.0-4.0 km/sec) aligned north-south along both the eastern 
and western flanks o[ th~.; swell. Tlwsc topographic highs arc associated with 
short-wavelength-high-amplitude magnetic anomalies suggesting an igneous 
origin (Bunce et al., ibid.; Ewing et al., 1960). The resemblance of peaks 
along the western margin of the swell to submerged volcanoes was pointed 
out by Hess in 1938. Hurley ( 1966), Marlowe (1968), Marlowe et a!. 
( 196g), and Bunce el vi. (ibid.) have reported dredging of volcanic rocks 
in the vicinity of these probable seamounts. Other deep ( 1000-2000 m) 
dredge hauls by Fox et a/. ( 1969) from thl! southeastern slope of thl! A vcs 
Ridge yielded rocks granodioritic in composition, which have been tenta­
tively related by Fox et at. to the 6.0-6.3 upper oceanic crustal layer under 
the Caribbean. Alternatively, these rocks may represent a line of intrusions 
under the Aves Ridge. In any case the relation of the suspected volcanic 
peaks to the granodiorite on the ridge is unresolved. 

During July and August 1970, the writer and C. G. A Harrison dredged 
three seamounts on the Aves Swell between 15°-16°N and 63o-64°W. Initial 
examination indicates that these rocks are predominantly pyroclastic flow 
breccias, tuffs, and amygdaloidal basalts (?) similar to rocks of the Lesser 
Antilles. There are no hyaloclastic basaltic rocks typical of volcanic sea­
mounts in the major oceans. 

One dredge haul from the southeastern flank of the Aves Ridge, approxi­
mately 30 km southwest of Fox and Heezen's granodiorite site, taken from 
800-m to 1700-m depths, recovered volcanic rocks (basalts?), gray, dense 
limestones and a green sheared breccia (fault breccia?), but no granodiorite. 
It is not certain which velocity layers of the Ridge we sampled at this locality, 
but tentatively the writer favors the interpretation that Fox et al. ( 1969) 
sampled a local granodiorite intrusion. 

~..f!..al._il.!LJ2ress) QQin~ out that both the Aves Swell and the An­
tillc.s.JJ.I~c.slmilm:~irU.bat_twy are underlain ~Y~~=br2~~ct!:~~~ low vef§.city 
mutcrial (6.2-6.8 km/sec) i!lliLcapped by matc;JiA-lJl?_(l_~lt~_ . .2I_YOlcanics_?) 
with_ 'iclociticl> oU::-5 .. 3 km1 s.;:c. Howcwr, ip <,:()n_Lr<lst to th_c ~£.S~t:_t· t\11ti!i':s. 
th~ Avc'!_j~iqge_j~J2'~~~lllb:!£l.l_tJi_y.£!y inactive s~_ismic:~Jiy (Fig. 14). Whether 
or rwl· this katurc i;; an old ishmd me, inside the present active Lesser 
Antilles. perhaps related to the AnJba-Orchila island platform, rL"muins 
unknown. 
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FIGURE 11. Structural section. Puerto Rico Trench to Nares Basin along lnngitude 66°33'\V. (From Bunce & Fahl­
quist, 1962.) 
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N~ 
DEGREES OF NORTH LATITUDE 
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Fin liRE I.'\, Structural section, Puerto Rico Trench to Narcs Basin along 
longitude M>"ll'W. Vclocit ies arc given in km/ sec. v~_·rt ical cxaggcrat ion ll.5; I. 
(After Glover II Sl67], :IS :id:tptcd rmm Bunce & Fahlquist ]19621, with modifica­
tions by Glover, based in hirgc part upon observations and interpretations by 
Hersey [1962], Hess [1964]. Bowin and others [1966].) 

2c. The Puerto Rico Trench: Recent papers dealing with the Puerto 
Rico Trench are listed on page 398 of this report. The most recent seismic 
sections north of Puerto Rico were published by Bunce & Fahlquist (1962), 
Hersey (1966), and Bunce (1966). It is uncertain as to how to correlate 
the known seismic sections from the Outer Ridge to that under the trench, 
and to that on the south flank of the trench (Figs. 10, 11, 12). Mantle 
velocities arc not found under the south flank of the trench. One attempt 
to make a correlation across the trench, using the data of Bunce & Fahlquist 
as well as known geology, has been done by Glover (Fig. 13). The north 
wall of the Puerto Rico Trench has been dredged by the Woods Hole Ocean­
ographic Institute (Bowin et al., 1966; Hcrscy, 1966; Chase & Hersey, 1968) 
between 65oOO'W and 66'30'W over the interval of 3200-3800 fm. They 
hav~: established a tent:ttiv'-' stmtign1phy for that region: serpentinite overlain 
by ;.tltered basalts interbedded with Cenomanian sediments ( ch;;rt, claystone, 
limestor:e) prob~:bly representing the Vv 5.1 km sec layer, and this Jn turn 
ovcrhtin by Low~.·:· Tertiary scdimcnt:try rocks with minor vitric has~llts. 
The oceanic or VI> 6.1 km_. ·sec layer apparently was not sttmpku ( B1.l'vv in 

•., 
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et al., 1966) although Chase & Hersey (1968) suggested that the serpen­
tinite might represent the upper part of this layer. If so, then the oceanic 
layer in the Cayman Trough region is granodiorite (Fox & Schreiber, 1970) 
while on the north wall of the Puerto Rico Trench it is at least partially ser­
pentinite. One or both of these rock types may represent local intrusions 
rather than regional layers. 

In all sections across the trench north of Puerto Rico it is Jcbatabk 
whether the oceanic crust bends under the trench in this area or whether 
the trough is a downfaulted block. It is presently undecided whether faults 
exist on one or both sides of the trench and how much vertical movement vs. 

' how much horizontal motion has taken place on one or both sides (e.g., see 
Chase & Hersey, 1968). There is also the question as to whether the present 
motion on the hypothesized faults (such motion suggested to be parallel to 

1; • the trench in the region north of the Greater Antilles by Molnar & Sykes, 
' · 1969) is at all like past motion. The reason for the abrupt termination of 

the Puerto Rico Trench to the west, north of Hispaniola, is unknown, but 
this termination is almost directly north· of two converging seismic belts 
(Fig. 14). One reason that the nature of the \\!estern termination is un­
known is that there are no published rcl'raction lines and only one reflection 
line west of 68°\V longitude. 

Bracey & Vogt (I 970), on the basis of infornwtion published by Molnar 
& Sykes ( 1969) and Sykes & Ewing ( 1965), bave postulated an active 
miniature arc struclurc originating in the Tertiary for the region northeast, 
of Hispaniola extending from Mona C\myon to about 70''W. They suggest! 
that a small crustal slab is being thrust to the ~outhwest under Hispaniola~ 
in this region, bounded by hinge faults, which tnmsform into faults of left-, 
lateral motion to the northwest and southeast following the southern flankj 
of the Puerto Rico Trench. 

Chase & Bunce { 1969) showed three seismic profiles, two at the south- , 
eastern end of the Puerto Rico Trench and one across the eastern margin 1..-~ 
of the northern Barbados Ridge, all i!Jcli<eating oceanic crust and basemcnttifj 
dipping beneath the Antillc_,<;_~'1E~: Further south, thicker sediments obscure i 
such a feature, although the authors inferred a similar westward basement 
dip from unpublished data. Vogt et al. (1969) also showed one profile in; 
dj.eating basement and sedimentary layers dipping beneath the Barbados -" 
Ridge. Cbe1sq & JJ~mce L1 969) intcxm:clcd_.{.!ip ;msl_qlTsct rci\ttioQsl!lJhi~ 
basement and sediments in terms of a series of w:~stw~m1.:d!ppi~. tl~rtJsr 
f;lults <Jt the cnstcc1.1 mM.gj_JLQLthQ Jlm:h:;dQs.Ridgc. Officer <'tal. ( 1959). in! 
their refraction sections, also shmwll mantk material and oceanic cru.;t 
dipping beneath both the Puerto Rico Trench and the Barbados Ridg~. 

The bathymetric contours of the Puerto Rico Trench curve suuth and 
cast uninterrupted until about the laticudc 17"N, cast of Antigua, where 
the trend of the trench is partially interrupted by a cross ridge of the Bamt-
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cuda Fracture Zone trending NW-SF :tcross the eastern margin and the 
Dcsiradc Fault Zone (Fink, 1968) trending NE-SW. 

Recent U. S. Navy bathymetric charts indicate that neither the Dcsirad.: 
nor Barracuda Fault Zone completely crosses the Puerto Rico Trem:h. The 
relationship between the two fault zones is unknown. From that point on 
toward the south, the Puerto Rico Trcllt:h begins to shoal. This in spite of 
the fact that there is apparently no m~ljor subsurl'ace change in ba~cmcnt 
rocks :1s shown by a fc:tturl'less llla!!llL'tic anomaly !ield at:ross t!H: ridt:L' 
(Bunce t'l al .• in press) and the wdl-known southward continuation of !Ill' 
characteristic negative gr:1vity anomalies of the trench. The shoaling is 
caused hy :111 im;reasc in lot;d thickm:~s or the sediment tow:ml the south 
(Chase & Bunce, J9(J<J; Bunce e/ a/., in press) ami is probably due to in­
creasing proximity to a South American source of sediment (Chase & Bunce, 
ihid.; Bunce et a!., ibid.; Pushbr, I %S) as originally su~gcstcd by Hess 
( 1939). Hurley ( 1966) first made the interesting observation that the Bar­
racuda Fault scarp may have acted as a partial dam to axial sedimentary fill 
from the south and suggested that a rclatic,:mship exists between the trench­
filling sedimentation and subsequent dcl'ormation process. Ewing & Ewing 
(1962) showed that the comparatively small amount of sediment in the 

Puerto Rico Trench north of Puerto Rico is essentially undcformcd (tilted 
somewhat to the south), while on Barbados itself and on the Barbados Ridge 
the sediments are greatly contorted (Chase & Bunce, 1969; Vogt et al., 
1969). Perhaps this is related toth~J~~t_that unc~~rthrustiE_g~ nearl.Y_j)C_2'::-

J2endicular to the Barbados Ridg~, ~r~~t.l~ . ..<'! .. h~t()g~_l}£ .?It_<:!_<lt]()_ll_ hc:re, as 
fi~g;_(J933). origi11ally describe_gjt,___,y_l_l~l~~~s_l}Qr!h.()f PuertQ B.i<:o _under­
thrt!_sJ:!I1gi~_ne~rly parallel to the trench (Molnar & Syk:es,_l96~.)-'-_lc~lving 
the scdiul\.m11iJhQLQ. yirtua lly u ndj"~J!lrlx:d. 

REGIONAL TECTONICS 

The number of attempts to synthesize the tectonic framework of the Car.ib 
bean are infinite, as are the number of different frameworks which hav_ ~­
been suggested. Attempting to summarize them all would require a vcr~'~ 
large tome which would reach no firm conclusions at this time in the histor) 
of geology as the new framework of plate tectonics continues to develop. 
In the past, several schemes have been suggested, based on various hypoth­
eses, sometimes by writers who had never been in the area. -

Years of land work by Princeton students and many others around the 
Caribbean have indicated that the classical tectogenc concept for the Greater 
Antilles is invalid. There has. b~J!.!l.QtJ_~ti:QJ1.K 9_videncc for com pn:ssitlnal ~ 
tectonics ill the O_t~..<!J~LA!Hillean..J!JB'l.,lit Ead_y __ Crct<tc_mus; in __ f!\~t-~c_t~tical l ' 
tectonics._:l~l~!_gmyit~-~~Qifl.g_ s_~c!!J.!0 ~h •minute. The Eoccl.LC.li.l:l!llli..1£Llt<t'>:l' i 
Jl~~l.iL!hlr!i£u '_:u:.l._y__sllirli_n __ \,;_<11! I. r_)_,_: l.'i0.tL ~'_ i gr. a v_it .Y k~ t \ lll i cs. i\ bu d mit I~ l !l i ~ ' ' 
lime, vuicanism ceased in thl.)_ Or.~;.t.!.£.J:J\!ltiJ1c!) and began in the Lesser An-
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titles. The entire arc h<t~lx:l!~--~-l!l~_f~~~~t.:~ir!_~~-g_~_f!~~~eo_~~Lc.!'::YE}2Pi.~g \ 
fl1~tny cross.(r<tctl}rcs <Jllrjng thcT~I;,tjary .whi~lu!iYL<lc.d.Jhc.un;.in.to...s.egments 

, til~tt_h_<~v~_p_r_Qp~t!?lYJJ.g.fl_nol}l.:!l}if.9.1'11J . ..\2.~havioc~19lU!'Om thu.t thuc on. 
MJllQLlgp_g f_r;tfl!II.~~Q!!es _h:wc !?.~~n. di~_c;gy~~-cLtl9.1llJ2.n.lan,d mlcLat ,sc.a 

on th~ northern and sguthern borders of the Car!bbean. Howevc:_~v-~n.g 
what kin~-of __ f!l<?::~~~n_Lha~~--<?S£~£~d thrg_u_ghJJ.!P..£.)1a~_qUtlc_yJJ. 
P~u.:.ti.ruillili' .. d.itl}cult ha..sJJ.cen_tb..kinterprctatjo.\LQ~ J.hc_mng!J.J!.!!de of wrc._pch 
f~~tr.lting <~tQ!lli .. ~.?~.t-wcst faults !!.L!h~n_qrthern Ull<L~s>.Y!h~ Caribg~~~ .!!Jar­
gins. Most recent studies limit wrench motion on any one fault to between 
10 km and 40 km at both borders; detailed ftcld studies favoring the lower 
limit (Metz, 1968; MacDonald, 1961\c, 1969; Briggs & Pease, 1967; Peter, 
1971; Campbell, 1968; Wilson, 1968). Ball et a!. (in press) present argu­
ments for large-scale normal faulting in the Gulf of Barcelona which in turn 
would trigger gravity slide-thrust sheets such as seen onshore. They find little 
evidence for wrench faulting in this area. AIQng the sou_thcm C~JtibJ!e<!.IL 
margin, as in the north, vertical tectonics seem to be dominant from Late 
Cretaq:ous to the prc§ciit. ff;ei:-c~isthcpossii)ility th,'ltscvCi;aCOTifle I~er 
faults currcntlyJl.<:t.Y!;LQilf~.It<!lLIPQ.Y£f!!9!1J~.!llol}g__QjUcrent parts of.J.!:!~ 'i~mc 
fau)tliiJ.£! _ap._QL_or th~_t theirpresen~ relative movcmeJ!t is different fn.~~:t ]_)ast 
r_clative movement (e.g., sec Schuhert & Sifontes, 1 970). 

In term~~ o[ the plate tectonic "revolution" in earth sciences, it would be 
very much prderablc if the Caribbean area and Bahamas did not exist. 
There arc several general models nHoat which can include these areas. Each 
of these has a variety of interesting o!Tshoots, embellishments, and ardent 
supporters. One is Carey's ( 195~) model which involves great rot<ttional 
and translational movements ot' the Greater and Lesser Antilles, Bahamas, 
and Central America (Fig. 15). The other comes as an outgrowth of a fit 
oflhe_~.Q.otinent amJJn.d.tb..c .. Atl.nn.tiQ pr_QJJ1H::ed by Funnell & .SmHb..H968) 
anf.t St1gg_~~~_;t_~()Ilp_Q[!19Xth~south_cx1~nsion and shear encornpassing _the' 
C;lri9beQ.J.Lifjg:) 6). This suggestion has triggered a series of papers by 
Ball and co-workers (Ball & Harrison, 1969, 1970; Ballet al., in press), who 
have modeled the Cari'6'5C'mf as a zone o! north-south extensiOn and left 
lateral shear between crustal areas sprcad!.!!.g_ in di.f.l'ercnt directions at differ-

ent rates. 
Their suggestions fit nicely the land and marine evidence in the Greater 

Antilles for left lateral motion and gravity tectonics as \Vel! as the suggestion 
by Glover ( 1967), among. others, tl!at the. Qrea!~L~l1@~~.i.~~U'.."Y.C_t~p~e 
~~c;_u!..li~:.!.Llillf.~ of-~~ b~m~t.rLni:!. .YPlC::~t!!l~s_gg_ysJ9J?.~<L()Y..~r )l.~9IJ.t; _91 wr~n.c::h 
J;;;:yH.in!djJU:Qn!,Xai'_t !?.<.'rhaps to ~Jl.~ _L~.:s~~r f\ntillcs, which fll()t:e nearly _r~~ 
sembl~aQ_ ar~a_QL~ll!~~i~_t.t;_C::_lO._g~_l_l_t!J.sl<:~.D.~--:t.tt:s:_qcvgl()pnlen! Qfi~ntcd £~JJ2£It 
dicular to umknhrtl!:iling:. Birc.hl..LI}IQJ.J2CQ.PO_,'>.C5 Jbat !hc\j3_arractt~ia Fault 
liesln..iLl.OilC ot' LTU!>tal tj,'_ill_ion nnd shcu.!.: •.. '!Yl.J_ich t1bo favors the Fugrr~l!. & 
Soilih...119.68) hypothesis. The only apparent difficulty with this framework 
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FrGURE 15. Early Mesozoic paleographic reconstruction of the Caribbean. 
(After Carey, 195~.) 

appears to be on the southern margin where Molnar & Sykes (1969) have 
shown present right lateral motion, and at least minor motion of that nature 
(1 0 km) is known to have taken place on the El Pilar Fault. Perhaps this 
is a fault zon~ whl~b...§.l}Q.\Y.~ . .fl ch£tnge in relatiy~<,.motion from one side of tb~ 
island arc to the o~~- "-

Dietz & Holden ( 1970) suggest a zone of rifting and extension in the 
Caribbean from the end of the Triassic through Jurassic. There is little 
known geophysical or geological evidence for this suggestion; however, 
Krause (1967, 1968) has discovered east-west trending magnetic anomalies 
in the Colombian Basin. He explains these as a result of north-south 
spreading during the Cretaceous, but notes that the eastern Caribbean was 

unaffected. 
MacGillavry (1970) suggests that tlh· Caribbean is an old, stable oceanic 

plate at least as old as Upper Jurassic, which underwent tension in the Early 
Cretaceous, tben rotated dockwisc during the Late Cretaceous. He sum­
marizes a great deal of geologic evidence to support this hypothesis. 
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30° 

go• soo 30• oo 30 • 

FIGURE 16. Successive positions of the three join-segments (from Figure 2 of 
Funnell & Smith, 1968) rotated by angular increments of 10 per cent between 
continents, representing limits of 20 per cent stages of opening. Limit8 of 
northern and southern transverse zones indicated by dashed lines, and amount of 
north-south extension by stipple. Principal fundamental and wrench faults in­
dicated for Mediterranean and Caribbean orogenic belts. (Mercator projection.) 
(Adapted from Funnell & Smith, 1968.) 

Moores (1970) postulates that the Caribbean arc is a remnant of ami­
grating arc system which began its journey in the Pacific and moved east­
ward. On the other hand, Hamilton (1966) proposed that the Caribbean 
arc is part of a Mesozoic cngcosynclinal belt which Jagged behind as North 
and South America Jriftcu wcstwan1. In the opinion of this writer, the 
known evidence supports nc:ither idea. 

The unknowns in the framework which, if known, might limit further tec­
tonic speculation seem to me to be the following: ( 1) th.;: nature and age II 'i( 
of the Caribbean crust, ( 2) the relative amounts of rotation of the Caribbean 

.. 
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islands, ( 3) the age relations of the Greater and Lesser Antilles, and ( 4) 117< 
the relative importance of the interplay between the Cocos anJ Caribbean 
plates. 

SuMMARY 

Portions of Caribbean land and marine geology arc summarized in an 
effort to present the known tectonic framework, as well as to emphasize re­
maining areas of controversy and ignorance. The object oE this paper is to 
stimulate further attempts to integrate the geology of the Caribbean area 
into the new global tectonics and to serve as a brake to such attempts when 
conceived without accounting for the known geology. 
~ Other than in Cuba, the oldest known rocks in the Greater Antilles are 

Cretaceous. Except for one 180 m.y. date in Cuba, the oldest known rocks 
there are Early-Middle Jurassic. Pre-Mesozoic rocks may be present in 

~ parts of Cuba, Hispaniola, and southwestern Puerto Rico, but meta­
morphism has complicated interpretations of age. Sialic or "granitic" base­

~ment is not present in the Greater Antillest except perhaps in western Cuba 
and possibly under the Cuban Shelf, Cayman Ridge, and Nicaraguan Rise. 

-,Volcanism in the Greater Antilles virtually ceased at the end of middle 
Eocene time. 

The Lesser Antilles arc generally assumed to be younger than the Greater 
...-, J\ntilks, but n.:cent radiometric dates rmm Desirade suggest some continuity 

o[ igneous activity between the two regions. The reasons for the double 
island arc north of Dominica remain controversial. Recent work suggests 

_,. that the Lesser Antilles arc cross-faulLed into individual blocks, with each 
one developing its own stress pattern during sea-floor spreading. However, 
basement structures of the Lesser Antilles may continue to at least as far as 
65'W; both geological and geophysical evidence indicate that a south 

_,.Caribbean fault does not exist. 
Paleozoic rocks are known to underlie part of the Yucatan and central 

Florida, but the nature of the basement under the Bahamas and Blake Pla­
teau is unknown. However, striking similarities in the Cretaceous to Recent 
histories of these areas and that of the north coast of Cuba suggest that this 
entire region has behaved as a single unit since the Cretaceous. 

Detailed geologic studks on the landward extension of the Bartlett fault 
~ system in Guatemala and Honduras show no evidence for major left-lateral 

post-Cretaceous offset. 
The presence of pre-Mesozoic rocks in the Caribbean Mountains of 

northern Venezuela, though long susp:cted, has never been ckmon~tr:~tcd. 
The oldest rocks known in the Caribbean Mountains arc Late Jurassic. 

.....-:, Southward thrusting or gravity sliding ,Jcginning in latest Cretaceous is re­
ported to have occurred all along the southern Caribb.:~m margin. Currl'nt 
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opinion seems divided as to the explanation of this thrusting, although ver­
tical tectonic schemes arc popular. 

Vertical tectonics dominate the Late Cretaceous to Recent geologic his-4::­
tory all mound the Caribbean, through the Greater and Lesser Antilles, as 
well as along northern Colombia and Venezuela. Land and marine evidence 
for extensive wrench faulting is slim after Late Cretaceous. Prior to that time,k­
fault motions in most areas are unknown or nonexistent. First motion 
studies, however, indicate active wrench faulting on both the northern and<ll(:­
southern Caribbean margins, as well as underthrusting in the Lesser An­
tilles and possibly in the northeast Hispaniola region. 

The Gulf of Mexico is underlain by ancient oceanic crust and has been a 
deep-water basin since at least Late Cretaceous. Some investigators suggest 
that the Gulf is a Precambrian ocean basin. 

The Yucatan Basin and the Cayman Trough contain the thinnest crust 
(9 km and 6 km) in the Caribbean area. These two features are separated 
from one another, and from the Gulf of Mexico to the north, and the Celom-~ 
bian Basin to the south, by parallel ridges or welts of continental crustal 
thickness. One or more of these positive features may contain pre-Mesozoic 
rocks. The Cayman Trough is not a westward continuation of the Puerto ~ 
Rico Trench, and may be a much younger feature, although current motion 
along both features is lct't lateral. The crust:1l sections under the Colombian 
and Venezuelan basins, which :1re similar, haw an irregular thickness ( t\-15 
km thick) and possess a two-layered oceanic layer: an upper layer about 4 
km thick (Yp = 6.0-6.3) and a lower layer which varies between 5-10 km 
thick (VP = 7.0-7.3). The composition of these crustal layers remains un­
known, so that debate over whether they represent either altered primitive 
oceanic crust or altered and foundered continental crust is interesting but 
presently unrcsolvablc. 

Horizons A" and B", within the uppermost byers and above the oceanic 
layer of both Caribbean basins, bend under the marginal trenches (Los 
Roques on the south, Muertos on the north). Horizon A" has been deter­
mined as lower-middle Eocene in age, which is approximately the same age 
as horizon A on the north wall of the Puerto Rico Trench. Horizon A dips 
under the Puerto Rico Trench. This \Vould seem to establish that the Roques /:::­
Trench, the Mucrtos Trench, and the Puerto Rico Trench arc all no older 
than early Eocene. 

Protller work to date indicates that large areas of the interior basins of~ 
the Caribbean Sea have been stable, deep-\vnter areas since middle Mesozoic 
time or possibly earlier. Preliminary magnetic surveys within these basins 
suggest, how..:wr, that the Colombian Basin h:ts had a difl'ercnt older his­
tory limn the Venczudan Basin. 

Sea mounts on the Aves $\\\.'!! an: composed predorninantly of pyroclastic 
rocks with occnsional1l0\vs. Marine fossils from s~v.:rai of lite ~;r..:dgc iwuls 
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from the sea mounts and other places on the swell indicate that this feature 
has been sinking since early Tertiary. Whether or not this feature is an old 

_..island arc, inside the present active Lesser Antilles, perhaps related to the 
Aruba-Orehila island platform remains unknown. Scanty heat-t1ow data 
do not favor the interpretation that the swell is a rifted portion of the Lesser 
Antilles as has been suggested for analogous features in recently published 
Pacific island-arc models. 

The Beata Ridge is an upfaulted segment of Caribbean crust. which was 
at shallow depths in the Cretaceous and which has undergone subsidence 
since that time. 

Granodiorite has been found in dredge hauls from both the Aves Swell 
and the Cayman Trough. It has been suggested that these rocks represent 
the upper oceanic crustal layer under the Caribbean, but they could also be 
interpreted to represent local intrusions. 

New information concerning the age and nature of the crust under several 
Caribbean marine features will result from the current Deep Sea Drilling 
Leg XV. 

The Puerto Rico Trench is best known in the area north of Puerto Rico. 
Even there, it is uncertain whether faults exist on one or both sides of the 
trench and how much vertical versus how much horizontal motion has taken 
place on one or both sides. Present idt-lateral motion on the hypothesized 

-? faults, paralkl to the Puerto Rico TrL~nch in this region, may or may not bt: 
like past motion. 

Seismic profiling, refraction profiles, and first motion studies of earth­
quakes indicate underthrusting of the Lesser Antilles along the arc between 

-:> Saba and Grenada, in contrast to the general parallel east-west motion at 
the northern and southern margins of the Caribbean. 

) 

Although several radically different tectonic models have been proposed 
to explain the origin of Caribbean features, no one model has captured the 

. enthusiasm of the majority of investigators. 

SUM ARlO 

GEOLOGIA DEL CARIBE, 1970 

Se sumarizan porciones de la geologia terrestre y marina del Caribe, en 
un esfuerzo por presentar el marco tect6nico conocido asi como para en­
fatizar areas rcstantes de controversia e ignorancia. El objeto de cste 
trabajo cs cstimular a llcvar adclantc intentos para integrar la geologia del 
Ctrca del Caribe dentro de Ia nueva tcct6nica global y scn·ir como un fn:no 
a tales intentos cuando son eoncebid'-'' sin contar con Ia geologia conocid;1, 

Exceptuando Cuba, las rocas m;.·; antiguns conocid~!'i \.'11 l;~s Cir;:mk" 
Anti!las son del Cretaceo. Excepto ::z11· una fccha 1 RO m.a. en Cuba. las 
rocas mas antiguas alii conocidas svn de los inicios del J urChico ;vre,!io. 


