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SUMMARY: PRIORITY SCIENTIFIC PROBLEMS AND PROPOSED
CARIBBEAN DRILLING INITIATIVES

The 53 participants of the Workshop on Caribbean Problems and ODP Drilling Initiatives

appraised scientific problems of the Caribbean region for which ocean drilling is a necessary approach.

The following eight problems, given below without ranking, are considered first priority on the bases

of global thematic content and filling crucial knowledge gaps in Caribbean geologic evolution.

Paleogateways of the Caribbean: existence and tectonic evolution of Jurassic and Cretaceous

seaways in the rifting and drifting of North and South America.

Paleoceanography of the Caribbean: oceanographic evolution of Jurassic and Cretaceous sea-

ways between Atlantic and Pacific oceanic realms.

Origin of the Caribbean plate: native Caribbean or exotic origin of oceanic lithospheres of the

Caribbean plate.

Cayman Trough: oceanic crustal formation, deformation, and magma genesis at a major
transform plate boundary and the kinematic history of the modem Caribbean-North American
plate boundary.

Caribbean oceanic plateaus: magmatic processes, history of formation, tectonics, and geo-
graphic origin of thickened oceanic crust that resulted from widespread Cretaceous midplate vol-

canism in the Venezuelan and Colombian Basins.

Sediment subduction and arc magmatism: role of subducted sediment and related fluids in

magma generation in the Lesser Antilles magmatic arc.

Mechanics of accretionary forearc development: mechanics of accretionary wedge thickening,
inner forearc tectonics and forearc basin-wedge interactions, episodicity of accretion in the Lesser

Antilles forearc.

Fluids evolution in accretionary wedges: generation, migration, residence times, and material

and heat transport of fluids from and volume loss budget of the Barbados accretionary wedge.

A shipboard drilling strategy to acquire data for major advances in solution of these problems

includes general sites shown on Figure S1 and listed with estimated drilling time in Table S1. The

total drilling time to address adequately the recommended problems/sites is nine drilling legs (each 2

months).

Participants strongly advocate that ODP begin planning a 9-leg program of Caribbean drilling as

soon as possible.
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Table S1: Site numbers on Figure S1, problems addressed, and estimated
drilling time (in 2 month legs); summarized from section IX

Site Problem Duration
(legs)
1 SE Venezuelan Basin paleogateways 1.0
paleoceanography
oceanic plateau
Caribbean plate
2 SE Gulf of Mexico paleogateways 0.5
paleoceanography
3 Demerara Rise paleogateways 0.5
paleoceanography
4 SW Colombian Basin paleoceanography 0.25
oceanic plateau
Caribbean plate
5 NW Venezuelan Basin  paleoceanography 0.25
oceanic plateau
Caribbean plate
6 Cayman Trough crustal formation 1.0
2-d thermal subsidence
basalt evolution
Ca-NA plate history
7 NE Venezuelan Basin ~ oceanic plateau 1.0
Caribbean plate .
8-10  Lesser Antilles Arc role of sediment 0.3 each
Platform Flank subduction in
arc magmatism
11 Barbados wedge mechanics of accretionary 0.5
northern wedges
12,13  Barbados wedge mechanics of accretionary 0.5 each
southemn wedges
14,15 Barbados wedge fluids evolution in 20
southern and accretionary wedges
northern -_
total 9.0



I. CARIBBEAN WORKSHOP

A workshop to develop scientific ocean drilling initiatives in the Caribbean region was held at

Oracabessa, Jamaica, November 17-21, 1987.
The goals of the workshop were as follows:

1.  to provide an up-to-date assessment of major problems of the origin and evolution of Caribbean
basins and bordering terranes, their structure and histories of motion, sedimentation, and water

mass transfer.

2.  to ascertain and prioritize the advances in understanding thematic and regional problems in the

Caribbean region that can be made by ODP drilling.

3. to formulate and recommend a drilling strategy that can lead to solutions of high priority prob-

lems.

4. 1o identify and assemble a community of active scientists who will advance Caribbean studies

under ODP by submission of specific drilling proposals or by the promotion of such submissions.

The workshop, convened by R. C. Speed, was attended by 53 geologists, geophysicists,'and geo-
chemists, identified in Table I-1, from 11 nations, including Colombia, Trinidad, Barbados, Jamaica,
and Dominican Republic. Participants were asked to submit a brief of drilling sites and strategies
before the meeting. A digest of this is in section VII. Participants and the meeting agenda were

divided among four topics, as follows:

Tectonic evolution of plates and oceanic lithospheres
Chair: N.T. Edgar, Washington DC, US

Paleoceanography - sediment history - geochemistry
Chair: J.B. Saunders, Basel, Switzerland

Active margin and accretionary processes
Chair: G.K. Westbrook, Birmingham, UK

Magmatic processes, including arc, ophiolite, and intraoceanic
Chair: H. Sigurdsson, Rhode Island, US
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Panels: 1. Plates and oceanic lithospheres

2. Paleoceanography - sediment history - geochemistry
3. -Active margins and accretionary tectonics
4

. Magmatic processes

[y

N A W R WWWEAEDNDNW



The agenda (Table I-2) began with information exchange in formal plenary session. This was
followed by panel meetings to define and prioritize problems that could be addressed by ODP drilling
and were appropriate to the panel’s scope. Panel membership is indicated in Table I-1. The panel
deliberations were then distilled by panel chairmen and the convener to a roster of most important
problems without internal ranking. These were presented in plenary session. The titles and organiza-
tion of the roster were disputed as presented, and such matters were refined by an ad hoc committee

(G. Draper, T. Donnelly, J. C. Moore, K. Klitgord) that did not include panel chairmen.

The most important problems as finally titled and organized are discussed in section IX together
with an estimate of drillship time in units of 2 month legs (Summary and Table IX-1). Workshop parti-
cipants strongly advocate that ODP dedicate a block of 9 legs to address the important tectonic, paleo-

ceanographic, magmatic, and sedimentologic problems presented in this report.



Table I-2
AGENDA

Nov. 17 8:00 PM Introductory presentations

Conference goals and tasks Speed

Ocean Drilling Program: Buffler
guidelines, specifications for drilling, proposals, procedures

History of marine drilling in the Caribbean and Gulf of Mexico: Hay
DSDP-IPOD-ODP

Nov. 18 and AM Nov. 19

Panel 1: Tectonic evolution of plates and oceanic lithospheres Chairman: Terry Edgar

Keynote speakers:

Klitgord: Constraints on the kinematic evolution of the Caribbean

Pindell: Caribbean tectonic evolution

Others:

McCann: Modern Caribbean plate motions

MacDonald Caribbean paleomagnetism

Gose: Is there a rigid Caribbean plate: paleomagnetic constraints

Jackson: Jamaica Passage

Speed: Nonrigid Caribbean plates and CA-SA collision

Schlanger: Pacific-Caribbean connections from paleo-oceanographic
and volcanic inferences

Frisch/Meschede: Suspect terranes at the SW margin of the Caribbean plate

Salvador: Southern boundary of the Caribbean plate: fact or fantasy?

Rosencrantz: Yucatan Basin and Cayman Trough

Perfit: Evolution of the northern Caribbean plate boundary

Draper: Untitled truths

Avé L'Allemant: Allochthoneity of the Venezuelan Basin

Larue: Puerto Rico Trench

Hall: Magnetic anomalies in the Colombian and Venezuelan basins

Mauffret: Northern boundary of the Caribbean basin

Buffler: Jurassic tectonics in the SE Gulf of Mexico

Panel 2: Paleoceanography—sediment historv—geochemistry

Co-chairmen: John Saunders

Introductory presentation:

Saunders: Synthesis of knowledge and problems

Others:

Keller: Caribbean paleoceanographic and sedimentologic history

Droxler: Carbonate platforms on the active Nicaraguan Rise

Peterson: Deep circulation in modern Caribbean and paleoceanographic
record



Pane! 3: Active margin and accretionarv tectonics Chairman: Graham Westbrook

Nov.

Nov.

Nov.

Chaxrman Haraldur Sigurdsson

19

20

Inoductory presentation:

Westbrook Accretionary tectonics around the margin of the
Caribbean

Others:

Behrmann: Volume balance of sediments at the Lesser Antilles convergent
margin

Kellogg: Amagmatic accretion and subduction in southwest Caribbean

Introductory presentation:
Sigurdsson
Others:
Meschede: Ophiolitic complexes of Costa Rica and interpretation as oceanic
terranes
Pindeil: Caribbean tectonic evolution
Edgar: Formation of the Cayman Trough
Hay: Evolution of the Caribbean in a global context
Burke: Evolution of the Caribbean
Burkart: Possible correiations of gram:ozds berween Central America
and Caribbean Basin
Donnelly: Paleoceanography of the Caribbean and tectonic history
Mascle. New geological map of the Caribbean
Mann: New info in the Greater Antilles
. Buffler: Structure of oceanic crust in the eastern Gulf basin
Smith: Growth of the forearc basin and slope basins of the Lesser
Antilles
Bouysse: Evolution of the eastern Caribbean island arc system
PM: Individual panel meetings to address problems, drilling strategies (sites,

objectives, and specifications in priority) and recommended related research.
evening: Scientific presentations — posters

AM: panel meetings: continue activity of Nov. 19; preparation of reports
PM: reports of panel chairs to plenary session

AM: plenary session: overall Caribbean strategies for ODP and other research

Departure by mid-day.



II. BACKGROUND AND INTRODUCTION TO CARIBBEAN TECTONIC EVOLUTION

R. C. Speed, Convener

This report begins with a highly generalized review of the Caribbean region and what is known
of its tectonic evolution with the objectives of a context for the problems set forth in succeeding sec-
tions and background for the unfamiliar reader. The review is not restricted to problems that can be

solved by drilling.

Geographic Focus: The region addressed in the workshop is bounded by the following elements (Fig.
II-1): cratons of North America and South America, on the north and south, respectively; the oceanic
Cocos and Nazca plates on the west; and oceanic lithosphere of the Atlantic basin on the east. The
workshop focused mainly on the following physiographic and tectonic features of the Caribbean (Fig.
II-1):

1. central Caribbean ocean basins, the Venezuelan and Colombian Basins,

2.  peripheral small oceanic basins, the Grenada and Yucatan Basins and Cayman Trough,

3. transitional lithospheres of arc, continental, and uncertain origin that surround and/or lie between
these oceanic basins and whose Cenozoic and Mesozoic evolutions are related to those of Carib-

bean oceanic basins,

4. western edges of Atlantic lithosphere that are related to Caribbean evolution: downgoing litho-
sphere at the Puerto Rico Trench and below the Lesser Antilles forearc and that attached to pas-
sive continental margins at the Bahamas and northeastern South America.

The Gulf of Mexico and Central American arc are logically within the Caribbean realm and were
considered in discussions to maintain a comprehensive view of the tectonic, sedimentologic, and water

mass evolution of the region. Owing to the relatively high level of past and present investigation of

10
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these two features through DSDP and other auspices, they were given lower priority in considerations
of new drilling initiatives.

Existing Data: Existing data on the Caribbean region come from onland (island and borderland) stu-
dies of geology and geophysics, marine geophysics, seismicity, plate kinematics, and marine drilling
(mainly DSDP and ODP), coring, and dredging (see reference 1isting).

DSDP and existing ODP drilling (Fig. II-2) in the large Caribbean basins consist of Leg 4 (only
3 holes), Leg 15 (8 holes), and Leg 68 (only hole 504), a total of 12 holes. Legs 78A and 110 con-
centrated in a restricted area at the toe of the Barbados accretionary prism. The Gulf of Mexico -
western Bahamas subregion has had Legs 1, 4, 10, and 77, comprising 26 holes. Although the Carib-
bean basin legs, particularly Leg 15, made a number of vital findings (Edgar, Saunders et al., 1973),
the depth of penetration and core recovery were generally small, owing to difficult section and other
impediments. Given this and the complexity of the Caribbean basins, the region is considered under-
drilled. Compared to other oceans, the lack of highly successful DSDP/ODP drilling in the main
Caribbean basins has hindered progress in understanding the development of the Caribbean relative to

that in simpler and more popular oceans.

The abundance of well-studied onland tracts within and bordering the Caribbean, however,
presents unparalleled opportunities for rapid strides in understanding the Caribbean when integrated the

results of new ODP drilling in Caribbean basins.

Lithospheres: The possible distribution of types of lithospheres of the Caribbean and adjacent regions
shown in Figure II-1 can be interpreted from sources in the reference list. The cratons of North Amer-
ica and South America are cored by Precambrian rock that has undergone little deformation in Phan-
erozoic time (last 700 ma). Between the cratons are lithospheres of certain and probable oceanic origin
and others called transitional (Fig. II-1). Transitional lithospheres include continental crust that was
stretched and diked in the Mesozoic; arc crust of Cenozoic and/or Mesozoic age built on terranes of

oceanic, arc, or continental origin; and oceanic crust in obducted and subducted slices as well as arc

12



ezl
'S19011 Judoefpe pue suiseq UBIGQUED [BXIUID AU UL SAIOY QO PUB JASA  Z-II Andig

M09 oO_N 008 TS
! NN NEREY

4 4+ UOjeID uBOUBWY YINOg

/
WW oV |_n_ + +  +  + + x.,.ﬁ.

3
zos@iseg
uejqwoj09

®lis dgo 10 dasge

euoz
JuebBieAu0D eajjoeuy ~I

o]

Sa)|uy

89u8B10AU0D Ao

}—

seJeydsoyly o248 pue
Iejuaujjuod pejenue)}e
§6pNjoU} JBUO}IISUBIY

djueeso N

ojuojeio +
+ 4

salaydsoyyy




substrates.

The oceanic lithospheres of the Gulf of Mexico Basin (Late Jurassic), Yucatan Basin (pre-
Oligocene), and Cayman Trough (Cenozoic) (Fig. II-1) appear to have crusts of normal thickness,
whereas those of the Colombian and Venezuelan Basins (Coniacian or earlier) and the Grenada Basin
(Eocene or earlier) have crusts that have wide areas of abnormally great thickness (12 km) together
with patches of normal thickness. In the Colombian and Venezuelan Basins, the areas of thick crust,
here called oceanic plateaus, contain at highest basement levels basalt of Late Cretaceous ages (Edgar,
Saunders et al., 1973). It is a question whether the oceanic plateaus are built on older lithospheres or
developed during initial lithospheric generation. None of the oceanic lithospheres of the Caribbean
region has a well resolved magnetic fabric that can be interpreted with certainty in a context of seafloor

spreading despite important attempts by Ghosh et al. (1984) and earlier workers.

Plates: The Caribbean region comprises three plates (Fig. II-1): Caribbean (Ca), North American
(NA) and South American (SA). Ca and NA converge against the Cocos or Nazca plates at their
western margins at the Middle America trench. A large microplate, composed mainly of northwestern

SA, moves with a northerly component relative to the main SA plate.

The NA and SA plates are currently in relative motion about a pole in the central Atlantic (Fig.
II-3) with convergence at small, westward-increasing rates in the Caribbean region. (Ladd, 1976; Min-
ster and Jordan, 1978; Pindell et al., 1988; Argus and Gordon, 1988). Because of the proximity of the
NA-SA pole to the Caribbean, however, the uncertainty in the pole position causes large uncertainty in
convergent .rates at all positions in the Caribbean. The existence and position of a discrete boundary
between NA and SA are unknowns; a broad diffuse zone of convergent displacements is a likely alter-

native.

The Caribbean plate is generally poorly defined as to the positions of its boundaries, relative
velocities with surrounding plates, and the extent of its internal rigidity. The Cayman Trough (Fig. II-

1) contains the only modem spreading center contacting the Caribbean plate and is thus the only site

13



the plate’s relative velocity can be determined by reliable methods (MacDonald and Holcombe, 1978;
Minster and Jordan, 1978; Rosencrantz et al., 1988; Stein et al., 1988). The long transform faults and
related seismicity of the Cayman Trough give a good local Ca-NA direction (NSOE) and Euler pole
position, but the rate is much less precise owing to difficult magnetic correlations and complex ridge
structure. The latest estimate is <15 mm/yr over the last 26 ma (Rosencrantz et al., 1988) whereas

other estimates are as great as 40 mm/yr at times in the late Neogene.

Away from the Cayman Trough, the Caribbean plate is defined locally by seismicity and more
generally, by Quaternary deformation in the transitional lithospheres surrounding the Colombian and
Venezuelan Basins (Fig. II-1). Such phenomena indicate both convergent and strike slip motion.
Seismic zones dipping below the Caribbean exist at the Middle America trench (Molnar and Sykes,
1969; Stein et al., 1988) and below the northemn Lesser Antilles from Martinique north (McCann and
Sykes, 1984; Wadge and Shepherd, 1984). Elsewhere, earthquakes give either no definition of a boun-
dary zone or local movement zones of great complexity, both of which occur in the southern Caribbean

and Greater Antilles (Kafka and Weidner, 1981; McCann and Sykes, 1984).

Ca-NA motions can in principle be exported from the Cayman Trough using the rigid plate
assumption, and extended to the eastern and southem Caribbean, using Ca-SA = Ca-NA + NA-SA.
Assuming rigid plates, generally eastward transport is predicted of the Caribbean relative to all points
in NA and SA at uncertain but small rates; specifically, convergence is predicted S80E for Ca-NA in
the northern Antilles and S77E for Ca-SA near Trinidad. It is a question, however, whether the
assumption of rigidity is valid. For example, some focal mechanisms of thrust earthquakes in the
northern Lesser Antilles suggest Ca-NA convergence of N65E (Sykes et al., 1982), about 30° from the
Cayman-derived predicted direction. Further, the central Caribbean basins contain extensive faults and
lineaments which probably originated by active or Cenozoic tectonics rather than by seafloor spreading.
Moreover, there is no evident throughgoing zone of strikeslip faulting between Ca and SA. At the

opposing limit to the rigid hypothesis, all or parts of the Caribbean plate may in fact be an assembly of

14
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microplates.

Tectonic History: The tectonic evolution of the Caribbean region can be viewed in two ways: first,
the growth and progressive reconfiguration of a.huge gap between the North and South American
plates in Mesozoic and Cenozoic times, and second, the result of processes that occurred within the
gap and between the gap and the Atlantic and Pacific basins to the east and west. It is interesting that
the evolution of the gap boundaries, hence the geographic context of the Caribbean region is relatively
well known, whereas the evolution of lithospheres within the gap is not. A number of comprehensive
models for both evolutionary paths exist: Freeland and Dietz, 1972; Walper and Rowett, 1973; Malfait
and Dinkelman, 1973; MacDonald, 1976; Ladd, 1976; Stephan et al., 1980; Sykes et al., 1982; Pindell
and Dewey, 1982; Ghosh et al., 1984; Burke et al., 1984; Beets et al., 1984; Mascle et al., 1985; Klit-
gord and Schouten, 1986; Pindell et al., 1988; Pindell and Barrett, 1989. In the following, however,

stress is put on unknowns with views toward needed investigations.

The Mesozoic generation of the North and South American plates from Pangea and the subse-
quent motion of these plates sth a 3-stage evolutionary framework for the Caribbean. The first stage is
the breakup of western Pangea beginning in Late Triassic time and extending well into the Jurassic
(Fig. I1-4). The second is the southeastward drift of SA relative to NA at an average 30-40 mm/yr and
the major growth of the Caribbean region from mid-or later Jurassic time to a mid-Cretaceous age
between Aptian and Campanian. The third stage, from the end of stage 2 within the Late Cretaceous
to the present, is marked by small and varied relative displacements of NA and SA, hence, only minor
reconfiguration of northern and southern margins of the Caribbean region (Fig. II-4). Such data come
from onland studies of the rifted margins of the American plates (Pilger, 1978; Thomas, 1985) and
from Atlantic fracture zones and magnetic isochrons which yield NA-Africa + Africa-SA finite rota-
tions and displacement paths vs. time (Ladd, 1976; Sclater et al., 1977; Klitgord and Schouten, 1986;

Pindell et al., 1988).
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"Analyses of the relative displacement histories of the North and South American plates have
evolved to a well resolved data set that is a constraint to Caribbean evolutions. It is important to note,
however, that uncertainties exist in the plate rotation analyses, leaving an imprecision in plate positions
and orientations through time that is not yet quantified. The principal uncertainties are 1) the kinemat-
ics of SA and northwestem Africa in Early Cretaceous time; 2) motions during the Cretaceous mag-
netic quiet intervél; and 3) basic positioning of magneti_c lineations and fracture zones (Stock and Mol-
nar, 1982). The upshot of the uncer;ainﬁes is that the reconstructed positions of NA and SA are
imprecise to an unknown amount at each rotation stage and that an unspecified range of paleogeogra-
phies, which includes that of Figure II-4, exists for the boundaries of the early Cenozoic and late

Mesozoic Caribbean region.

Stage 1: The reconstruction of Pangea and an understanding of the controls of its Paleozoic
assembly are one of the basic goals of earth science. A perpetual question is the arrangement of NA
and SA and other Paleozoic terranes in western Pangea (Bullard et al., 1965; Le Pichon and Fox, 1971;
Ross, 1979; Pindell, 1985; Vander Voo et al., 1976; Klitgord and Schouten, 1986) and whether or not
Paleozoic oceanic lithospheres existed between NA and SA or within their suture zone. As noted,
reconstructions uSing finite rotations provide only general paleogeographic limits of continents’ posi-
~ tions in Pangea. The absence of recognized i’aleozoic ophiolite and related sediment in the Caribbean
region is good evidence (Pindell and Dewey, 1982; Burke et al., 1984) that Pangea was probably fully
continental. A more open question ié the origin and times of emplacement within the Caribbean of
pieces of transitional lithosphere of prebreakup ages and whether these are native to the NA-SA gap or

entered the gap from other sites in Pangea or from sites outside Pangea.

The distribution, timing, and directions and magnitudes of transport of breakup tectonics in
western Pangea are vital ingredients to an accurate reconstruction and to an understanding of the early
development of the Caribbean region and its seaways. The breakup is recorded by rifting and magma-

tism beginning in Late Triassic and ending by Late Jurassic time in the Gulf Coast (Salvador, 1987;
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Buffler- et al., 1985; Winker and Buffler, 1988) whereas in northem South America, breakup
phenomena, sparsely known, are recognized no farther back than Middle Jurassic (Maze, 1984; Feo-
Codecido et al., 1984). Was the breakup south-propagating? Breakup structures in the Gulf Coast are
generally interpreted to indicate no regionally uniform direction of transport and heterogeneous or
sequential deformation (for example, Pilger, 1978). Does this reflect a succession of varied early
extension dirccﬁdns or, on thé other hand, control of breakup structures by inherited (Ouachitan?)
structures above a uniformly extending ductile zone? How far did the two cratons separate in the
breakup before the onset of drifting, and was the breakup direction similar or dissimilar to the succeed-

ing drift vector of SA relative to NA?

A solution to the problem of Pangean breakup will bear not only on early Caribbean history but
also on global themes of the causes and mechanisms of long continental transforms, control of rift-drift
zones by pre-existing structure, and possible changes in asthenospheric flow during the transition from
rifting to drifting. |

Stage 2: Magnétic 1sochrons at the margins of the central-north Atlantic’ suggest the onset of
seafloor spreading and resolvable drift of SA relative to NA in the Middle Jurassic, at a time that
corresponds to the continent-ocean boundary (COB) or Blake Spur anomaly (BS) (Fig. II4; Klitgord
and Schouten, 1986; Pindell et al., 1988). Rotation poles for the second stage of Caribbean evolution
suggest fairly steady separation of the American plates in a NW-SE direction of about 3000 km over

50-100 my at 30 to 60 mm/yr (Fig. II-4).

In contrast to the relative certainty of the history of expansion in Late Jurassic and Early Creta-
ceous times of the northemn and southern boundaries of the Caribbean region, there is much uncertainty
about the kinematics, mechanisms, and timing in the development of the lithospheres that now or did

occupy the Caribbean region. This uncertainty has two stems:

1. Did the motions within the Caribbean region follow a) streamline flow in which all material

(newly formed oceanic crust and fragments of transitional lithospheres) followed small circles to
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-the NA-SA rotation pole; this is illustrated in the model of Klitgord and-others (1984) (Fig. II-5) -
which hypothesizes a series of small circle fracture zones extending from the Atlantic into the
Caribbean region; or b) tqrbulent flow within the horizontal in which there were local rotations
about poles other than the NA-SA Euler Pole and in which convergent and strike slip motions
may have existed lpcally as welll as divergent ones?

2. Were the second siage displacements in the éaﬁbbean region restricted to native materials
aoeaﬂy generated oceanie lithosphere, Pangean fragments, and possible arcs), or did such dis-
‘placements include tectonic exchanges of lithospheric fragments between the Caribbean and
Pacific and/or Atlantic realms? If the flow were streamline, the lithospheres are all native

whereas turbulent flow was likely to have included exchange.

Regardless whether streamline or turbulent, the second stage flow in the Caribbean region was
divergent with high obliquity (45°) relative to its northern and southern boundaries. This implies that
even in the simplest flow model, nmng and early drifting had high ratios of transform to normal open-
ing relative to other major oceans such as the Atlantic. | | |

Seafloor spreading during stage 2 can be confidently postulated in the Gulf of Mexico Basin and
off northeastern South America at the Demerara Rise (Fig. 1I-1) from local stratigraphic and geophysi-
cal evidence. The Gulf of Mexico Basin apparently began and finished spreading in Late Jurassic
time; its spreading direction is uncertain but all geologists who have addressed the Gulf Basin’s origin
postulate rotation of one or more of its boundaries during spreading (Hall et al.,, 1982; Pindell, 1985;
Salvador, 1987). Further, the Yucatan terrane and other transitional lithospheres at the southem margin
of the Gulf Basin. are thought from stratigraphic evidence to have been in place by the end of the
Jurassic (Salvador, 1987; Winker and Buffler, 1988). Therefore, aside from the Gulf of Mexico Basin
of 400 km length in the NA-SA drift direction, stage 2 expansion of the Caribbean region must have
included another approximately 2500 km NW-SE of spreading and stretching between the that and

northern South America (Fig. II-4) (Pindell et al., 1988). The loci of such displacements have not
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been identified and may not be. fully recognizable owing to possible total subduction below exotic
lithospheres during stage 3. Nonetheless, the possibility of turbulent motions in stage 2 is indicated by
the varied orientation of rifts in the Gulf Coast, paleomagnetic data of eastern Mexico (Gose et al.,

1982), and features of the Gulf of Mexico Basin.

A fundamental question to Caribbean evolution is the role of the oceanic lithospheres of the
Colombian and Venezuelan Basins during stage 2. Did they form by progressive spreading in stage 2,
culminating in development of the oceanic plateaus, perhaps by diffuse midplate volcanism, at the end
of stage 2? Or, did these lithospheres form totally with the advent of the oceanic plateaus late in stage
2? Or, are these lithospheres fully exotic and transported in during stage 3? Figure II-6 shows alter-
native conceptions of stage 2 paleogeographies of the Caribbean, A and B depicting native origins of

oceanic lithospheres and C and D, exotic.

Transitional lithospheres of the Caribbean region south of the Guilf of Mexico Basin that are
clearly older than or perhaps contemporaneous with the end of stage 2 exist as far south as Cuba.
South of Cuba, stage 2 lithospﬁeres are sparsely identified except for the Chortis terrane, obducted
mafic and ultramafic complexes of Central America, the Greater Antilles and northern South America,
and the La Desirade_ igneous complex of the Lesser Antilles. The region south of Cuba includes other
complexes that may be stage 2, say pre-Albiaﬁ, but their dating is uncertain (examples: Water Island of
the Virgin Islands; La Rinconada of Margarita; El Tambor of Guatemala; mafic terranes of Hispaniola).
It is a question whether the transitional lithospheres from Cuba north were wholly or partly native in
stage 2 and if exotic, where they came from. For those older transitional lithospheres south of Cuba,
the question is the same but moreover, whether some or all of them arrived during stage 3 from Pacific
realms. In particular, do transitional lithospheres of probably ancient arc affinity indicate that subduc-
tion occurred in the southern Caribbean region during stage 2, implying rates of spreading within

Caribbean basins exceeded the rate of expansion of the Caribbean region?
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Stage 3: The third and final stage, which began some time between base Aptian and base Cam-
panian, has only minor relative movement of NA-SA (Fig. II-4). Thus, the northern and southern
boundaries of the Caribbean region were nearly stationary in this interval. The principal tectonics are
the generally eastward transport of the Caribbean plate (or plates) relative to the American plates (Fig.
II-1).

An uncertainty of great iﬁmmw in Caribbean tectonic evolutions is the magnitude and dura-
tion of eastward transport of the Caribbean plate, or more particularly, its velocity history. If the tran-
sport has been small, the Caribbean plate is composed largely of native lithosphere (with respect to
stage 3). In this case, a record of stage 2 tectonics, paleogeography, water mass transfers, and biotic
development may exist in much of the Colombian and Venezuelan Basins and bordering terranes. If,
on the other hand, transport has been large (>1000 km), much or all of the Caribbean plate is exotic in
stage 3 and a fragment of the Farallon plate derived from Pacific realms (Malfait and Dinkelman,
1973). In this case, only the younger part of stage 3 Caribbeah events and conditions is recorded in
the Colombian and Venezuelan Basins, and it is not clear how far back the younger part extehds. Fig-
ures II-7 and 1I-8 show time series models of Caribbean plate arrangements during stage 3, the ﬁmt for

large transport and the second, small.

The potentially most well resolved gauge of the movements of the Caribbean plate with respect to
Americas is the oceanic lithosphere of the Cayman Trough (Fig. II-1). However, its spreading history
is complicated, and magnetic data available to the scientific community are a modest sample, such that
disparate interpretations have emerged. Moreover, it is not certain that the Trough’s early opening was
in the pullapart mode that exists today or that the Cayman Trough records the full Ca-NA displacement
(Sykes et al., 1982). MacDonald and Holcombe (1978) reckoned from magnetics about 275 km of
seafloor spreading since late in Miocene time but that opening of the Trough may have begun in the
Oligocene (see also Wadge and Burke, 1983 and Perfit and Heezen, 1978). In contrast, Rosencrantz et

al. (1988) interpreted 1100 km beginning in the Eocene from magnetics, and Rosencrantz and Sclater
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(1986) estimated an Eocene onset from bathymetry and heat flow. Near the western end of the Ca-NA
boundary zone in Guatemala, Burkart et al. (1983, 1988) found 130 km left slip on the Polochic fault
since 10ma, giving a minimum displacement for the full zone. Donnelly (1989) argued that Motagua
fault zone has had little displacement since the Cretaceous. Moreover, no zones of large Tertiary
lateral displacement between the Caribbean and South America have been identified. It is evident that
an improved understanding of the transport hisﬁry of the Caribbean plate and the Cayman Trough in

particular is a basic need.

If the Cayman Trough and modém Ca-NA boundary originated in Eocene time, what were the
tectonics of the Caribbean region in the 40 to 70 ma preceding stage 3? One manifestation of such
tectonics may be the widespread arc terranes of Late Cretaceous age, including those of the Greater
and northern Lesser Antilles (Cuba to Guadeloupe); northern Venezuela and the Venezuelan Antilles
(Aruba-Villa de Cura-southern Aves Swell-Margarita); and in the Chortis-Nicaraguan Rise-Jamaica
tract. The Greater and Venezuelan Antillean arcs appear to have collided beginning in latest Creta-
ceous or early Paleogene with the northern and southem borders, respectively, of the stage 2 Carib-
bean; the collisions appear to be diachronous, younging eastward, and the arcs have paleomagnetic
declinations that accord with eastward simple shear relative to their boundaries (Malfait and Dinkel-
man, 1973; Maresch, 1974; Pindell and Dewey, 1982; Burke et al., 1984; Stephan et al., 1980; Gose,
1986; Beck, 1987; MacDonald, 1988; Skerlec and Hargraves, 1980; Speed, 1985).

If the Late Cretaceous arcs are native to the Caribbean region, they may record divergence and
convergence that was perhaps unrelated to the small relative motions of NA and SA. If, on the other
hand, the arcs are exotic and derived from the Pacific, they record the onset of the relative eastward
transport of the Caribbean plate before the Cayman Trough developed, conceivably related to the ces-
sation of rapid drifting of NA vé. SA at the end of stage 2. If the Late Cretaceous Antillean arcs are

- exotic, were they initially a single arc at the leading edge of the early Caribbean plate?

The oceanic plateaus of the Colombian and Venezuelan Basins have many of the same tectonic
questions as do the Late Cretaceous arcs. If they are exotic, they presumably record midplate volcanic

events in the eastern Pacific. The widespread existence of such events in the western Pacific is well
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known, but their mechanics are not (Larson and Schlanger, 1981). If native, they may record Late

Cretaceous midplate volcanism of more global extent than that documented in the western Pacific.

The stage 3 Caribbean region also includes many features that are certainly or probably native by
virtue of their Cenozoic ages. These included such major structures as the Beata Ridge, Aves Ridge,
Hess Escarpment, central Venezuelan Basin fault zone and others, none of whose tectonics is clear.
The origins of the Grenada Basin and the Yucatan Basin are controversial, whether backarc spreading,

trench jump, or other; both are vital to an understanding of Caribbean plate evolution.

Finally, the Cenozoic Lesser Antilles and Central American arcs are certainly native although in
both, only the youngest rocks are in situ. The Lesser Antilles records the underflow of the Atlantic
lithosphere and perhaps, the edge of continental South America below the leading edge of the Carib-
bean plate. The forearc of the Lesser Antilles changes markedly along the trend of the arc from Gre-
nada to the Virgin Islands because of the northward diminution in thickness of incoming sediment
(reflecting increasing distance from SA) and because of varying obliquity of convergence from 0 to
near 90°. The Central American arc records the underflow of the Cocos + Nazca 'plates below the

Caribbean and the emergence of the Panamanian isthmus in mid-Cenozoic time.

Major Thematic and Regional Problems: The discussion below centers on major Caribbean prob-
lems that are at the forefronts both of global scientific themes and of understanding Caribbean evolu-
tion. The context is general and based largely on the preceding analysis. The succeeding panel dis-
cussions and recommendations focus on aspects of these problems whose solutions are best approached
by ODP drilling.

1. Reconstruction of Pangea: An ultimate goal of Caribbean science is the establishment of
the pre-Late Triassic positions and orientations in the Pangean supercontinent of the cratons of NA,
SA, and Africa and of continental transitional lithospheres and microplates that now exist in the Carib-
bean region. Of particular interest are the path through western Pangea of the Ouachitan-Alleghanian

collision zone, its late Paleozoic tectonic evolution, and its relationship with the contemporaneous
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proto-Pacific margin of Pangea. Such information is necessary. to constrain theories why all the con-

tinents coalesced fully, if briefly, as Pangea.

2. Oblique rifting and tixe breakup of Pangea: The orientations of the boundary zones
between rifted and unrifted NA and SA (stage 1) and the length of the Gulf of Mexico Basin (Fig. II-
1) are substantially oblique to the NW-SE separation direction of NA and SA in stage 2 (Fig. II-4).
This implies oblidue rifting during breakup of Pangez; over a huge region, unless stage 1 underwent
different extension from that of stage 2. If oblique rifting occurred, two fundamental thematic ques-
tions follow: 1) what caused the obliquity and specifically, how was it influenced by earlier structures
of the Ouachitan suture zone and Early Cambrian passive margin?; and 2) what were the kinematics
and mechanisms of regional oblique rifting? The first theme relates to the mechanics of structural
reactivation, the longevity of major displacement zones under succeeding tectonic regimes, and the per-
petuity of the individual continents. The second considers 'the generation of structures (e.g. rifts and
transforms) and the degree of nonconservation and local rotation in motions (e.g. diking, rotating
blocks, local cdnvergence) of a strongly oblique breakup in comparison with a nonoblique one sucil as
in the central Atlantic. Moreover, it is important to improve our knowledge of the breakup history
(e.g. did breakup begin uniformly in NA, SA, and inte_rvening transitional continental lithospheres? did
it propagate N to S? or was it irregularly diétributed in time and space?). Further, what was the total
displacement between the cratons of NA and SA taken up by continental stretching and diking?

3. Oblique separation of major plates and evolution of lithospheres in the gap between NA
and SA: In the second stage of Caribbean evolution, the NA and SA cratons drifted farther apart,
roughly 3000 km, from their positions at the end of stage 1. The plate edges at least through the
Jurassic appear to have been substantially oblique to the cratonal transport direction. The kinematics
and mechanisms of gap-filling in oblique divergences are a global problem that can be addressed in the
Caribbean. Did Caribbean spreading centers tend to migrate toward normality with the transport direc-

tion and did the ratio of transform to rift boundaries diminish with progress in stage 2?7 Was the flow
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field in the widening Caribbean region streamline or turbulent? If turbulent, was there exchange of
lithospheres with or migration of lithospheres in from the Pacific or Atlantic, and did subduction occur
in the Caribbean? How much of the stage 2 cratonal displacement was taken up by spreading, how
much by further stretching and diking, and how much by microplate or major plate insertion? Where
did the continental transitional liﬂlospheres (Yucatan-Campeche-Cuba-Florida Straits; Chortis-Nicaragua
Rise) and older Cmﬁceous arc terranes of the Caribbeén come from?

The Caribbean region is perhaps unique globally as a site to study oblique divergent phenomena
if the stage 3 Caribbean plate is not far-traveled. This is because of the unusual situation where the
boundaries of the expanded region are approximately known with time and where subsequent tectonics
may not have greatly altered the record of divergence. For example, the Mediterranean probably
underwent comparable oblique divergence in the Mesozoic but Africa and Eurasia underwent major
Cenozoic convergence and partial collision, consuming and diéturbing the products of earlier diver-

gence.

4. Insertion tectonics and the origin of the Caribbean plate-: The charaéteﬁStics and origin of
the modern Caribbean plate are a major unsolved problem of plate tectonics. One possible origin, by
large eastward motion of Pacific lithosphere relative to the American plates (Fig. II-7), affords an
opportunity to investigate in the Caribbean a little appreciated type of tectonic behavior, here called

insertion tectonics.

A first order task is to define today’s Caribbean plate more precisely: the positions of bounding
zones of major displacement, the relative velocities across them, and the internal rigidity and displace-
ment zones. It is important to pin down the late Neogene spreading rate at the Cayman Trough and to
assess if Ca-NA velocity at the Cayman can be extrapolated via Euler poles to the Lesser Antilles and
to Ca-SA. Moreover, the piate’s history needs much study: total displacement and duration of the
Cayman Trough, and the existence of CA-NA displacement zonés concurrent to and adding to that of

the Cayman Trough. Did the Caribbean plate move with an eastward component before the Cayman
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Trough developed, perhaps even as early as stage 2, as suggested in Figure II-7?
A most fundamental question is whether the total eastward transport of the Caribbean plate is

small, such that native lithospheres exist between Cuba and SA, or large, such that lithospheres older

than about mid-Cenozoic between Cuba and SA are exotic as far east as the present Atlantic.

In the case of small mmsbort, the objective is to understand the tectonics of the Cuba-SA interval
in stage 3 which led to generation of oceanic lithosphere, numerous Late Cretaceous arcs, and collision
of arcs with deep basin margins.

In the case of large transport, the Caribbean plate largely originated in the Pacific and is a pro-
duct of insertion tectonics. Are such tectonics related to the expanding gap between diverging major
plates with a possibly mutual convergent boundary outside the gap (here at the Pacific margin). If so,
are insertion tectonics a predictable phenc;menon globally such that a Caribbean investigation will lead
to recognition of this elsewhere? Altematively, the insertion may have been late in stage 3 and not
clearly related to the stage 2 divergence. If so, what precipitated such motions?

S. Atlantic-Pacific connections and Caribbean paleogeographic evblutibn: ﬁe paleogeogra-
phy of the Caribbean region from breakup of Pangea to the present has been a major control in com-
munication of water masses and biota between the Atlantic and Pacific. Such control is thus basic to
advances in paleontology, paleoceanography, and paleoclimatology. Data are needed that indicate the
positions and ages of deep basins (floored by oceanic lithosphere) that were continuous between Atlan-
tic and Pacific and, moreover, the existence and sill depths of shallow marine seaways across the
Caribbean.

6. Origin of oceanic plateaus and the evolutions of the Colombian and Venezuelan Basins:
The lithospheres of the Colombian and Venezuelan Basins are the core of the Caribbean plate (or
plates), and it is a major question whether they are mainly native to the Caribbean or far-traveled from
the Pacific. Another question is whether these lithospheres include an older crust that lies below the

oceanic plateaus and was a product of spreading in Jurassic or Early Cretaceous times or whether the
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oceanic plateaus formed during the initial lithosphere generation. If the lithospheres are far-traveled,
the Caribbean oceanic plateaus are probably transported samples of Late Cretaceous midplate volcan-
ism peculiar to the Pacific. If ﬂle lithospheres are mainly native, the oceanic. plateaus imply that mid-
plate volcanism was not restricted to the Pacific plate and that such penecontemporaneous events could
possibly have occurred widely. Thus, it is important to investigate Caribbean oceanic plateaus to
understand what ﬁxay have been a global event in Laté Cretaceous ocean basins and the reasons for its
occurrence. It is also important to understand the processes of such midplate volcanism: kinematics,
amounts and directions of crustal extension, magma sources, and duration and the relation of these to

plate boundary tectonics.

7. Processes in active forearcs and magmatic arcs and the evolution of the Lesser Antilles:
Processes in growth, attrition, and defluidization of forearcs and in the transfer of sediment from
forearc to the mantle and magma source areas are forefront scientific problems (COSOD, 1988). Such
processes are perhaps better addressed in active Caribbean arcs, especially the Antillean arc from
Tobago north to Puerto Rico, than elsewhere in the world. This is because certain controllipg factors,
obliquity of convergence and thickness and composition of incoming sediment, vary continuously
between wide limits along the length of the Antillean arc. Moreover, the biostraﬁgrafhic control is
hard to surpass. Existing studies (seismic, bDP drilling, onland work) have provided crucial initial
strides in understanding offscrape mechanisms, controls of detachment, upslope transition in forearc
deformation mechanism, positions of and gradients in fluid loss in forearcs, long extent of sediment
underthrusting of the forearc, and forearc basin evolution. These studies should be expanded in the
future in pursuit of a comprehensive theory of forearc behavior.

Further, studies of Lesser Antillean magmas suggest they contain at least a small proportion of
melted sediment or supracrustal fluid and that such sediment arrives at the melting zone on the down-
going Atlantic slab (White and Dupre, 1985). This interpretation is possible because the compositions

of magma and the bulk incoming sediment change concomitantly along the length of the arc. An
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expanded understanding of the role of sediments in Lesser Antillean magmatism is vital to global geo-

chemical and sediment budgets.

Certain elements and phenomena of the Cenozoic evolution of the Lesser Antilles are poorly
understood and need further investigation. Examples of these are the origin and age of the Grenada
Basin, the structure of major crystalline blocks (La Desirade, Tobago, etc.) within the Antillean forearc,
configuration of the Paleogene‘ Lesser Antillean magxﬁaﬁc arc, origin of rapid Cenozoic subsidence of
the south wall of the Puerto Rico Trench, and origins of different forearc basin structures north and

south of St. Lucia.
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IOI. TECTONICS PANEL REPORT

Chair: N. T. Edgar

Panelists: Ave L’allement, Behrmann, Burkart, Christofferson, Gose, Hall, Klitgord, MacDonald,
Mauffret, Mann, McCann, Persad, Pindell, Rosencrantz

Summary

The Tectonics Panel considered as the principal tectonic problems of the Caribbean: 1) the Meso-
zoic evolution of the Caribbean regioﬂ by rifting of Pangea, drifting of the Americas plates, and the
development of seaways between the Atlantic and Pacific basins; and 2) the late Mesozoic and Ceno-
zoic displacement histories and origin gnd origin of the Caribbean plate, especially at its northem
boundary zone.

The panel believes ODP drilling can yield major strides towards solutions of these problems, as
follows. Addressing Mesozoic seaway development, three sites are given first rank: southeastern Gulf
of Mexico, Demerara Rise, and southeastern Venezuelan Basin (Fig. III-1). For the problem of Carib-
bean plate history, first priority sites are a series within the Cayman Trough (P"lg III-1). The tectonics
panel places great importance on technological advances: oriented core, drilling throﬁgh sands, and
stress measurements; these are discussed in- section VIIL The panel also considers new onland and

marine investigations as vital complements to ODP drilling.

Introduction

The Caribbean region and its lithospheres (Fig. III-1) originated in Mesozoic and Cenozoic times
principally by two tectonic processes: 1) rifting of Pangea, drifting apart of NA and SA, and generation
of seaways between Atlantic and Pacific; and 2) development of the Caribbean plate and its eastward
displacement relative to NA and SA. The Tectonics Panel concludes that advances in understanding
the phenomena of two processes, here called Mesozoic seaways and Caribbean plate, are the basic

goals of new investigations and that ODP drilling is required to make such advances.
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Mesozoic Seaways

The tectonic units, kinematics, timing of events, and paleogeographic evolution of the Caribbean
region in the Mesozoic are poorly known. The history of continental breakup, the positions and timing
of spreading sites, and the positions and ages of deep and shallow seaways are uncertain. Reasons for
this lack of knowledge are that DSDP dn'llihg in the Cgribbean south of the Gulf of Mexico (Fig. II-2)
was mainly shallow and penen;ated rocks no older than Coniacian. Moreover, there are inherent limita-
tions in precision of plate tectonic reconstructions, and clear seafloor spreading signatures in Caribbean
basins are lacking. It is evident from plate tectonic and other considerations (see Section IT) that
Lower Cretaceous rocks should be widespread in the Caribbean and that Jurassic rocks should occur at
least locally. The distribution and nature of such rocks record the tectonics and paleogeography of sea-
way development and are vital to the reconstruction of Pangea. Such data will also yield advances in
our thematic objectives of the processes and motions in strongly oblique rifting and continental separa-
tion. Thus, drilling should be designed to penetrate older Mesozoic deepwater strata that are native to
the Caribbean region. Future drilling in the Atlantic should complement these efforts by dnllmg such

strata at sites near the entrances to early Caribbean seaways.

There are two objectives in drilling thgse older strata: first, to date the breakup and subsidence
that began seaway development; and second, to understand the positions and times of drifting and

events in the formation of oceanic lithospheres and associated deep seaways.

Breakup and Subsidence

Our present knowledge of the positions and times of continental breakup and onset of seafloor
spreading is as follows: Late Triassic to Middle Jurassic rifting and diking and formation of a broad
region of thinned transitional lithosphere in the Gulf Coast; widespread evaporite deposition in the
present Gulf of Mexico region (Fig. IlI-2) in the Callovian but with uncertain connections to the Atlan-
tic and Pacific basins; Late Jurassic spreading and subsidence of the Gulf of Mexico Basin; establish-

ment of Bahamian—circum-Gulf carbonate platform in Oxfordian(?) time; deposition of Jurassic redbeds
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at the Demerara Rise and in graben of northern Venezuela; and deposition of Early Cretaceous evapor-
ite and now-allochthonous Jurassic carbonates in Trinidad. A passive margin sequence of Middle and
Upper Jurassic and Cretaceous rocks exists above Precambrian basement on Cuba, but it isnot certain
whether or not such rocks are far-traveled with respect to the circum-Gulf Jurassic platform. Strata of
the South Florida Basin and western Bahama Basin are known to contain only latest Upper Jurassic
rock, and these wené either sites of nondeposition or 6f erosion during rifting and drifting of the Gulf
of Mexico region. Figure III-3 shows an admissible Mesozoic paleogeographic sequence that obeys
these stratigraphic data and best fit N;\-Af and Af-SA rotation poles (Klitgord and Schouten, 1986).
The model is nonunique because of 1) the imprecision in positioning of seafloor data points; 2) the
assumptions of streamline flow and the orthogonality, positions, and relative stability of rift-transform

systems; and 3) the imprecision in dating older Mesozoic deposits.

To improve the data on rifting and early opening, we identify &o promising deep water locales
that are likely to contain requisite sedimentologic records (Fig. III-1).

1) Southeastern Gulf of Mexico: This is an area of transitional lithosphere (Figs. III-1, III-4),
probably greatly stretched and diked continental crust between the Yucatan terrane on the west, Florida
block (which was part of North America in the Triassic) on the east, and Cuba (Paleogene collision
zone) on the south. DSDP Leg 77 drilling aﬂd seismic data (Buffler, Schlager et al., 1984; Schlager et
al., 1984) indicate rifted crystalline basement and extensive Lower Cretaceous strata (Fig. III-4). The
data also indicate accessible significant local thicknesses of strata below drilled Lower Cretaceous that
are likely to include Jurassic and perhaps older deposits (Fig. III-4). Such strata might be correlative
with Jurassic rocks in the collision belt of onland Cuba which indicate large but poorly documented
subsidence in the Jurassic. The importance of the southeastern Gulf site is in the potential to time the
onset and duration of rifting and postrift subsidence on the south side of the Gulf of Mexico in an area
without younger tectonic overprint. Did rifting here carry on during and after that of the Gulf in

response to latest Jurassic NA-SA opening? When did a major seaway south of the Gulf begin?

37



30°

ﬁm

Wj“

s .
N\

LATE
KIMMERIDGIAN

siuowloqu3
puo
JI3YS  mojious
PN

g 3
2
5§ ¢
s N L A Y
' T§. 8 E 6, o b
< ° x =2 £
& & £a % 8§
m§_’8.g.~gg ga
8 £f9E8E5V ¢
fpEBEzeilss
£5858588588¢8
2
HERREUNBDEE
; b b

[E==] Deeper Shelf and Slope (Shaly fimestones and Shales)

38

d known and inferred extent of Late Jurassic deposition, from

.

ico region an

Gulf of Mex

Figure III-2

lar to late K

m-

®

imi

Salvador (1987); distribution for other Late Jurassic substages s

meridgian. -



LATE RIFTING | £ AR ...‘;;;'ﬁ
MIDDLE  JURASSIC --'G % / A
BATHONIAN - 173 m. 2

BLAKE SPUR

MIODLE  JURASSKC
BATHONIAN - 170 me

ANOMALY M-21 - QE . \]
LATE JURASSIC = F NG
TITHONUN *150m o /"/‘\,k’ @

e, ) R /~
RSP \. DA< 2 Yy
1T v / ).

ANOMALY M-ION

EARLY CAETACEOUS
VALANGINIAN - 132 me

\_.

{7 /1

Fizs

0
®tessanee amememmon EX T woe

FUTURE SPREADNG CENTER  RIFT ZONE  ACTIVE mmamm mmcm SUBDUCTION Z0NE mYKNﬂL EDGE msmwmswm

ANOMALY MO

" EARLY CRETACEQUS
EARLY APTIAN-NBma.

4

ST ]

ANOMALY 33
LATE CRETACEOUS

ANOMALY 30

LATEST creTactous ()03
JLUTE MIESTRICHTAN-G7m

ANOMALY 25

EAPLY PALEOGENE
LAIE PALEOCLME *S9me

WTU! smemm CENTER  RIFT ZONE  ACTIVE SPREADING CENTER  ABANDONED STREADNG CENIER

SUSDUCTION 20tE  CONTMENTAL EDSE WESENI’ M zoo»- ISCBATH

MITTTTTR smeszezze= E=====  aesssse PO T P

Figure III-3:  Possible paleogeograplues of the Caribbean regxon during early drifting, from Klitgord

and Schouten, 1986.

39



o

[————
(N1 ——
——
oceante crust

GRFZ
BFZ
HsB

NECS
MCGA
L 14

WFB
SA
srs
cyrz
CAFZ

Gulf Rim Fracture Zone
Bahama Fracture Zone
Hississipps Sale Basin
Wiggins Uplife
Northeast Culf Basin
Middle Cround Arch
South Platfors

Tempa Embayment

West Florids Basin
Sarasota Arch

South Florids Basin
Cuba Fracture Zone
Campeche Fracture Zone

X"
(L]

vitenasted PR
continentel cruse <"
trensitionsl crun)

o
KD

R PAAAN
€ oo

'\area of}A'

Figure III-4:  Southeasten Gulf of Mexico target for ODP drilling (box); sections from Schlager et
al., 1984, showing Leg 77 holes; MCU is mid-Cretaceous unconformity; TJ is possible
Jurassic and/or Triassic strata; J1 and J2 are inferred - Jurassic units; SE are proposal
holes (see Section VII-2).

40



Holes in this area may also supply data indicating whether streamline or turbulent motions occurred in
the Jurassic by fault block geometries and paleomagnetics. Further discussion of this area is in section

VII-2.

2) Demerara Plateau: The Demerara Plateau (Fig. ITI-1) is a salient of continental South Amer-
ica at the early Mesozoic passive margin with ‘Atlantic oceanic lithosphere east of the Caribbean plate.
Drilling and seisrhic data (Fig.' OI-5; A. Mascle, writt;en commun., 1988) indicate a shelf sequence as
old as Berriasian and a thick subjacent section of undated strata above basement that is probably Pre-
cambrian. At the toe of the plateau, there exist an outer rise, Mesozoic? volcanics, and the continent-
ocean boundary together with an arch of the sub-Valanginan strata (Fig. ITI-5, sections). Dredge hauls
(Fig. II-5, LDGO dredgehaul) from the toe yielded red beds thought to be Jurassic by palynology
(Damuth and Heezen, 1969). According to the model of Figure III-3, the Demerara Plateau may have
been continuous before NA-SA drift with North America near Florida and the southeastern Gulf of
Mexico. Because strata of this site are certainly native to the Caribbean region and have not under-
gone subsequent strike-slip or collis.ional tectonics, they should provide crucial information on the posi-
tions and timing of rifting and drifting of NA-SA. Specifically, the question should be answered
whether stretching and drifting propagated N to S; whether rifting started synchronously in NA and
SA, ending in a major central ocean; or whéther ﬁfﬁng had a greater duration in SA than the Gulf of
Mexico region.

Complementary drill sites that help define the Atlantic entrance to early Caribbean seaways need
to be considered. A prime candidate is near the junction of the Blake and Bahama escarpments west
of DSDP 534 which penetrated Callovian strata. Such a hole may also record initiation of the Bahama

carbonate platform.

Drift Phase

Our objective here is to understand the timing, positions, and mechanisms of opening of the

Caribbean region between Yucatan and South America, presumably mainly by seafloor spreading from
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Late Jurassic to a time in the Late Cretaceous (Aptian to base Campanian). An associated objective is
to understand the tectonics of oblique continental separation, discussed earlier. Questions are: Was a.
wide deep seaway connecting Atlantic and Pacific created in this interval? Did the present lithospheres
of the Colombian, Venezuelan, and(or) Yucatan Basins partly or fully floor such a seaway? Or did
this interval include a number of seaways,’ some or all of whose lithospheres have been consumed by
intra-Caribbean sﬁbductioh and(or) subduction below tf;e Caribbean plate? The last question poses the
fundamental issue whether or not all the Mesozoic terranes between Yucatan and SA came from the
Pacific as a far-traveled Caribbean plate. If the Caribbean plate has small displacement and Caribbean
oceanic lithospheres are native, drilling in the Venezuelan, Colombian, and Yucatan Basins could eluci-
date a drift phase history. |

The oceanic plateaus of the Venezuelan and Colombian Basins are a major consideration because
their Late Cretaceous basalt series would have to be drilled through to test the existence and character
of older Caribbean strata and crust. Seismic data suggest that sedimentary reflectors and normal oce-
anic crust exist below the plateaus, and this would be valuable to test (Stoffa et al., 1981). It is prefer-
able at the outset, however, to drill sediment sections where oceanic plateaus do not occur. These may

exist in three areas, as follows:

1) Southeastern Venezuelan Basin: Current knowledge of the distribution of oceanic plateaus
(anomalously thick, smooth surfaced oceanic crust) and normal crust (normally thick, rough surfaced
oceanic crust) in the Colombian and Venezuelan Basin is shown in Figure III-6. The most extensive
recognized patch of normal crust is in the southeastern Venezuelan Basin (ruled pattern, Fig. III-6B)
where a typically rough top of crust is ove;lain by up to 2 km of sediments, far in excess of sediment
thicknesses on the oceanic plateaus. Such sediments, heretofore undrilled, may contain a continuous
section to early Mesozoic strata and a record of Jurassic and Early Cretaceous environments, prove-
nance, and bathymetry of central Caribbean basins. It should be noted that the correlation of Coniacian

horizon smooth B*’ (Fig. III-6C), the top of the adjacent oceanic plateau, with the top of the normal
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crust (rough B’’) may not be valid.

The area of normal oceanic crust may be only slightly or, on the other hand, greatly displaced
with respect to the adjacent oceanic plateau, and either one or both could ‘be far-traveled or native
Caribbean. If both crusts are native Caribbean, drilling to the normal crust should indicate 1) the his-
tory of seaway development in the region between the southern Gulf of Mexico and the South Ameri-
can margin; 2) v?hether of not ‘the Late Cretaceous plateaus are built on an older normal oceanic crust;
and 3) Va record in its Cretaceous sediments of the evolution of the adjacent oceanic plateau. If, how-
ever, both crusts are far-traveled, drilling in the normal crust should indicate items 2) and 3) above and
the first record of early Mesozoic conditions of the Farallon plate, which came from Pacific realms.
Moreover, the history of sediment provenance, faunal provinciality, and paleomagnetic latitudes and
declinations in strata of the normal crust may be 'the best of all evidence whether or not the Caribbean
plate is of Pacific origin.

2) Colombian Basin: Seismic studies in the Colombian Basin (Fig. III-6) indicate it contains
major oceanic plateaus and intervening tracts of normal crust (Bowland and Rosencrantz, 1988). The

patches of normal crust are alternative sites to that of the southeastern Venezuelan Basin.

3) Yucatan Basin: The Yucatan Basin contains normal oceanic crust of age known only as
Eocene or older and possibly Jurassic or Cretaceous (Fig. III-7) (see also section VII-1). It lies
between the Eocene collision belt of Cuba and the Cenozoic transform plate boundary at the Cayman
Trough (Fig. III-7) and was a product of ocean basin formation before either the Cuban or Cayman
tectonic events. The Yucatan Basin crust may be a piece of early Caribbean oceanic crust trapped
behind the younger Caribbean plate boundary or a crust locally generated by early Cenozoic spreading
(Malfait and Dinkelman, 1972; Dillon et al.,, 1973). If the Yucatan Basin crust is early Caribbean, it
probably contains a locally complete sedimentary record of the early drift phase without superposition

of an oceanic plateau.

Caribbean Plate
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The first order problem is whether the present Caribbean plate is native to Caribbean region and
its oceanic lithospheres a product of local seafloor spreading or, alternatively, of exotic origin from

Pacific realms.

This may be best studied at the Cayman Trough with the goal of understanding whether Ca-NA
displacement at their present boundary has been large (>1000 km), indicating a mainly exotic origin, or
small permitting a native origin, as discussed below. ‘Moreover, the Cayman Trough is an important
tectonic feature in its own right, representing one of the largest pullapart basins at a transform boun-

dary and permitting study of processes of lithospheric formation.

If the plate displacement at the Cayman boundary is small (say, <600 km), the succeeding ques-
tion is whether lithospheres of the Venezuelan and Colombian Basins were native or exotic in pre-
Cayman time. This question may be addressed by crustal ages and paleomagnetic latitudes of crusts of

those basins. and by faunal provinciality of suprajacent Mesozoic sediments, discussed below.

The consequences of large and small total eastward Caribbean plate displacements (present plus

pre-Cayman plates) are as follows:

i) Large (>1500 km) displacement: Native Caribbean lithosphere of pre-Campanian age may not
exist south of Yucatan and Cuba, having been totally subducted by the incoming plate. The
Caribbean plate in this case had pre-Cayman movement and is probably composed fully of litho-
sphere from the Pacific. It would probably be a remnant of Mesozoic Farallon plate which was
an eastern complement to the Pacific plate (Engebretson et al., 1984). It would of course be of
great importance to plate tectonics to know if this is true. Drilling in the Colombian and
Venezuelan Basins may then provide the only direct record of Mesozoic events and tranéport of
the Farallon plate because everywhere outside the Caribbean, Farallon lithosphere of Mesozoic
age has apparently been fully subducted. Moreover, if the Caribbean plate is in fact a Farallon
fragment, we would have a preserved example of insertion tectonics. We could then investigate

the mechanics of such plate tectonics, particularly the stability of a subduction zone bordering a
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2)

3)

widening region between separating large plates (Fig. II-4).

Small (<500 km) displacement: In this case, all but the westernmost lithospheres of the Carib-
bean are native, and a pre-Eocene or mid-Tertiary Caribbean plate may not have existed. Drilling
in Caribbean basins would tell the story of the evolution of Caribbean seaways. The existence of
Mesozoic arc terranes in the Caribbean would indicate that the drift phase in Caribbean opening
was more cbmplex than séaﬂoor spreading at thel same rate as continental separation. Such indi-
cations of intra-Caribbean subduction might be explained by seafloor spreading in excess of NA-

SA drift or by irregularities in relative NA-SA motion that are unresolved in Atlantic data.

Further, the oceanic plateaus would be at least partly of Caribbean origin, implying a more global
distribution of Late Cretaceous midplate magmatism than is currently recognized. It would then
be of great importance to investigate the tectonics of oceanic plateau development, in the contexts

both of Caribbean evolution and global phenomenology.

Intermediate Displacement: In this case, eastern realms of the Caribbean may record indi-

genous events whereas western ones probably formed in the Pacific.

Cayman Trough

The first tectonic objective of ODP drilling in the Cayman Trough (Fig. III-8) are the rates and

duration of seafloor spreading. MacDonald and Holcombe (1978) and Rosencrantz et al. (1988)

analyzed marine magnetic anomalies within the Cayman Trough, and reached distinctly different con-

clusions. MacDonald and Holcombe (1978) contend that magnetic anomalies show that the Trough

opened at a rate of about 20 mm/yr since 2.4 Ma, and at 40 mm/yr between 8.5 and 2.4 Ma, for a total

displacement of 288 km. They argue that magnetic anomalies older than 8.5 Ma (anomaly 4A) cannot

be reliably identified. Rosencrantz et al. (1988), on the other hand, argue that recognizable anomalies

are present back to anomaly 20 (Middle Eocene). Their sequence of anomalies indicates that the

Trough opened at about 30 mm/yr between the time of the Trough opening, estimated at between 45
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and 50 Ma (middle Eocene), and 30 Ma (late Oligocene), and- at 15 mm/yr between 30 Ma and the
present. They believe the total displacement is 1100 km. Sykes et al. (1982) argued for 1400 km dis-
placement. Direct measurement of crustal age will resolve the difference between these interpretations
and indicate whether there has been large or small displacement of the Ca plate relative to NA since
the mid- or early Cenozoic (Figs. II-7, II-8).

An estabﬁsﬁed operﬁng history for the Cayman'.Trough has a number of applications to both

Caribbean and global tectonic evolution and tectonic processes, as follows:

1) Inception and evolution of small ocean basins: The Cayman Trough has simple geometry
and bathymetry (Fig. III-8). The basin is bounded along the northeastern and southwestern walls by
transform faults connected across a spreading axis (Fig. II-1). The eastern and western margins of the
basin are rifts. The western margin is buried beneath a blanket of sediment, but the eastern margin is
sediment starved, exposing its structure. A full opening history of the basin, as described by magnetics
and intrabz;sin age sampling, will permit reconstruction of basin geometry back to the time of initial
spreading, with exact reconstruction of the relative positions of conjugate rift margins. Additional sites
of the western and eastemn rift margins which address the subsidence history of the margins will permit
additional reconstructions of the rifting phase, particularly timing and duration of rifting. The Cayman
Trough provides an opportunity to describe and quantify the full evolution of a small ocean basin. If
the trough initially developed as a pull-apart basin along a preexisting plate transform boundary, then

the history will provide insights into the development of these common tectonic features.

2) Thermal evolution of small isolated ocean basins: Within the Cayman Trough, basement
depths are greater and crustal heat flow is less than predicted by subsidence-age and heat flow-age rela-
tionships for typical crust within large ocean basins (CAYTROUGH, 1979; Rosencrantz and Sclater,
1987; Rosencrantz et al., 1988). Both are consistent, however, with a crustal cooling model which
accommodates lateral as well as vertical heat loss from the accreting lithospheric slab (Boemer and

Sclater, 1987). This model expresses crustal subsidence and heat flow as functions of slab age and
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width. Sampled crustal ages, combined with existing bathymetric and seismic reflection information
and new precise heat flow surveys, will directly test the validity of this analytical model, which has

wide application to small, isolated ocean basins worldwide.

3) Reconstruction of the kinematics of a transform plate boundary zone: The northern boun-
dary of the Caribbean plate consists of a 50 to 200 km-wide zone of transform and transform-related
crustal deformaﬁ(;n extending from the Pacific south of Chiapas, Mexico, to the Atlantic in the region
of Anegada Island. The age of inception is uncertain. The Cayman Trough lies within this zone, and
the Cayman spreading center has apparently recorded relative offset within this zone. Consequently,
the basin opening history provides a kinematic framework from which to assess the timing and dura-
tion of tectonic events along the margin, which include both transpression and transtension as well as

boundary zone fragmentation.

In summary, a series of holes along the length of the Cayman Trough is proposed that would
penetrate and sample basin sediments and would continue into basement (Fig. III-8). The difect objec-
tive for drilling at each site would be to establish crustal age at each site to calibrate the rate history of
and total displacement by spreading and to sample crust beneath each site to assess crustal formation

processes.

Pre-Cayman Origin of Caribbean Plate

If the displacement of the Caribbean plate relative to NA at the Cayman Trough is small, a fore-
front question is then whether lithospheres of the Colombian and Venezuelan Basins were native to the
Caribbean or were brought in tectonically by earlier, pre-Cayman movements of the Caribbean plate, as
depicted in Figure II-6.

Exotic terranes could have entered the Caribbean south of Yucatan from Late Jurassic through
Paleogene times and from any direction except from Atlantic sites where isochxﬁns are preserved.

Interpretations of Caribbean evolution that employ a pre-Eocene Caribbean plate, however, have eas-
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terly: compbnents of transport and Pacific origins of terranes (Mattson, 1969; Malfait and Dinkelman,
1972; Pindell and Dewey, 1982; Sykes et al., 1982) (Fig. II-6). This is based mainly on the possible
correlation of Caribbean oceanic plateaus with contemporaneous plateaué in the western Pacific plate
(Schlanger and Silva, 1981; Larson and Schlanger, 1981) and the thought that such midplate volcanism
occurred across a Pacific-Farallon spreading center. Paleomagnetic data support pre-Eocene eastward
motion if the Cayman Trough spreading began aftef_ or late in Eocene time, because declination
anomalies of older Eocene or older age exist with appropriate rotation sense for boundary-parallel sim-
ple shear in collided arc rocks of the Greater Antilles and coastal South America (Gose et al., 1982;

Skerlec and Hargraves, 1982; Stearns et al., 1982; MacDonald and Opdyke, 1972; Beck, 1988).

If lithospheres of the Colombian and Venezuelan Basins are far-traveled from the Pacific, they
are likely to have large paleomagnetic latitudes that differ from contemporaneous latitude ranges in the
Caribbean. This is because Farallon-NA convergence was right-oblique in the Cretaceous (Engebfet—
son et al., 1985). Further, their lowest strata, presumably deposited at-and near a spreading ridge,
would contain fossils of Pacific rather than Atlantic 'afﬁnilies and probably little trace of continent-
derived sediment. If these lithospheres were native, the latitude anomalies should be zero or small, and
they should contain Atlantic-type fossils and may include sediment from South America. Moreover,
the age of oceanic crust of today’s Caﬁbbeén plate would be another test if it were known widely.
That is, if very early Cretaceous and Jurassic ages spanned the Colombian and Venezuelan Basins, a
Pacific origin would be indicated because NA-SA opening between Cuba and SA requires spreading
through Aptian and possibly to Campanian time (Fig. II-4). Plate tectonic models are not precise
enough, however, to assert the absence of small amounts of Jurassic or Early Cretaceous seafloor
spreading in the southern Caribbean, for example perhaps extending west along the South American

Margin from the Demerara Rise.

A definitive test of the provenance of the lithospheres of the Colombian and Vanezuelan Basins

is hard to devise. Studies of drilicore from these basins as to crustal age, geochemistry of protocrust
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and oceanic plateaus, paleolatitude, and faunal affinities, however, are likely to point compellingly to
either an exotic or native origin.

Sites recommended for this investigation are in the southeastern Venezuelan Basin and western
Colombian Basins where crust of normal thickness has been identified (Fig. III-1). These same holes
are to be employed for investigations of ‘Mesozoic seaways. Further, this problem can be jointly
addressed with ﬁat of the origin of oceanic plateaus m a hole through the plateau, either at the Beata

Ridge or in the northeastern Venezuelap Basin (Fig. V-1).
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IV. PALEOGEOGRAPHY - SEDIMENT HISTORY - GEOCHEMISTRY PANEL REPORT

Chair: J. B. Saunders

Panelists: Buffler, Burke, Duque-Caro, ‘Droxler, Farfan, Hay, Hendry, Keller, Lozano, Meyers, Peter-
son, Robinson, Salvador, Schlanger '

Summary
Studies of dﬁncore in sédimentary sections> of 'Caﬁbbean basins offer major opportunities to
advance knowledge of: 1) the history of development and maintenance of Caribbean seaways; 2) the
history of Atlantic-Pacific water exchanges and their influence on oceanographic and climate history,

and diagenesis, biotic evolution; and 3) the detection of exotic lithospheres in the Caribbean region.

Core of Jurassic and Early Cretaceous strata from native Caribbean lithospheres may inform us of
the time of onset and duration of continental breakup and of subsequent subsidence and spreading.
The southeastern Gulf of Mexico, Demerara Rise, and Blake Plateau are high priority sites for these
objectives (Fig. IV-1). Such strata may also indicate by compositions, fauna, flora, diagenesis, and
hiatuses the early Caribbean history of Atlantic-Pacific water interchange. Juréssic and Cretaceous
strata in the Colombian and Venezuelan Basins, on the other hand, may indicate if and when a pre-

Cayman Caribbean plate arrived from distant Pacific realms.

For much of the Late Cretaceous to present interval, the Caribbean region has included one or
more seaways, and it is vital to leamn the paleoceanography and associated records of water composi-
tion, temperature, flow patterns, fauna, and flora of this duration. The importance lies in the role of
Pacific and Atlantic water exchange in the well-established, dramatic changes in global circulation and
climate from the Cretaceous and early Paleogene to the later Cenozoic. A profound example of such
changes is the growth of the Central American isthmus in late Cenozoic time and its effect on circula-

tion in the northern Atlantic and development of the Gulf Stream.

Prime targets for Late Cretaceous to Neogene stratigraphic sections are in the Colombian,

Venezuelan, and Yucatan Basins, away from highs where scour is likely to have been intense. If the
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Caribbean plate traveled far in the Cretaceous, the goal of Cretaceous paleoceanography may not be
attainable. If the Caribbean plate is far-traveled in Cenozoic time, sites in the eastern Venezuelan

Basin should be drilled.

Introduction

The Paleontology-Sediment History—Geo‘chemistry panel addressed the global and regional
significance of Caribbean seaway evolution from the early Mesozoic to the present and drilling stra-
tegies in Caﬁl;bean strata to elucidate such seaway evolution. The major considerations are 1) the
development with position and time of deep and shallow interconnections between Indo-Pacific and
Tethyan-Atlantic realms; 2) the influences of such circulation changes on global and regional oceano-
graphic and climatic history, and in particular chemistry, temperatures, and biological evolution; and 3)
the possible detection of large tectonic transport of Caribbean lithospheres by faunal provinciality and

sediment provenance and stratigraphic changes therein.

Strata of Caribbean bas_ins have the potential to add greatly to our understanding of each of these

goals. Unfortunately, previous drilling has not provided suitable core for inroads to date.

Jurassic Seaways

The distribution and nature of Jurassic rocks in'the Caribbean region is crucial to understand the
early development of seaways between the Atlantic and Pacific as Pangea broke up and NA separated

from SA + Af.

Jurassic rocks are known to occur at the northern South American margin (Figs. IV-2): Tithonian
carbonates in the tectonic complex of the Northemn Range of Trinidad (Saunders, 1968); Bajocian or
early Bathonian at Siquisique and Jurassic undifferentiated in the Espino graben, both in Venezuela and
prdbably of rift-phase supracontinental origin (Muessig, 1984; Feo-Codecido et al., 1984); Jurassic red
beds in the northemn Andes which are in basins of either arc or rift origin (Maze, 1984); and red beds

of possible Jurassic age dredged from the Demerara Rise (Damuth and Heezen, 1969). Jurassic strata
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are widespread in the northern Gulf of Mexico region (Fig.. II-2) (Salvador, 1987, Winker and
Buffler, 1988) and eastward into the Blake Plateau. Théy are suspected to continue south into the
southeastern Guilf of Mexico and the Florida straits via DSDP drilling and seismic correlation (Buffler,
Schilager et al., 1984; Schlager et al., 1984; Winker and Buffler, 1988). In central Caribbean realms,
Jurassic is known only in the obducted Bermeja complex of Puerto Rico (Fig. IV-2) (Mattson, 1979),

the La Desirade cbmplex (Fig. IV-2) (Mattinson et al., 1980) and in Cuba (Case et al., 1984).

There are two drilling objectives:for Jurassic strata: 1) to document the ages of first marine and
first deep marine water ingress at sites that are most likely indigenous to the Caribbean; and 2) to sup-
ply evidence from fossils and sediments for or against large tectonic transport of terranes on which the
sediments lie. In the latter objective, the strategy is to discriminate in strata above oceanic lithosphere
an Atantic or Pacific lor other faunal provinciality and sediment provenance. Further, we wish to
detect the existence and age of influx of sediments of South American cratonal origin as a gauge of
proximity of sites to the southern Caribbean region vs. time.

There are three sites that satisfy the first drilling objective, namely, probably native, undisturbed
marine Jurassic strata. Two of these are also priority sites of the Tectonics Panel and are discussed
extensively in section IIIL.

1. Western central Atlantic just east of the Bléke Plateau (Figs. IV-1,3) where a deep marine
Jurassic section would, perhaps, document the time of first entrance of Jurassic marine waters
into the Caribbean from the North Atlantic.

2. Demerara Rise off northeastern South America (Figs. IV-1, III-5) where an inferred shelf to
deep-marine Jurassic section would document the southern limit of a Jurassic Atlantic seaway,
and link oceanic with land-based Jurassic sections along the present southern margin of the
Caribbean.

3.  Southeastern Gulf of Mexico (Figs. IV-1, III-6) to establish the nature, timing, and evolution of

Jurassic marine seaways between the Gulf of Mexico and the central Caribbean.
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The second objective can be attained in the Venezuelan and Colombian Basins in areas of normal
crustal thickness (Figs. IV-1, II-4) and/or in areas of oceanic plateaus below the Late Cretaceous

edifices. These were also recommended by the Tectonics Panel and are discussed in section III.

Ocean drilling would only be part of an integrated effort to reconstruct the Jurassic paleogeogra-
phy and paleoceanography of the Caribbean-Gulf region. Prior to drilling, it will be necessary to com-
pile all the infbnﬁation on pre-Cretaceous rocks around the rim of the Caribbean and on islands such
as Cubé. For the same reason, the geophysical records need to be searched for reflections that suggest

pre-Cretaceous strata.

Early Cretaceous Seaways

The stratigraphic record from Berriasian through Barremian is very poorly known in the Carib-
bean south of Yucatan and Cuba. Rocks of certain Early Cretaceous age have not been identified
except at La Desirade (Fig. IV-2), the Demerara Rise (Figs.' IV-2, III-5), the Virgin Isiands, and
Hispaniola. Evaporites of probable Early Cretaceous age exist in isolated occurrences in Trinidad and
eastem Venezuela (Fig. IV-2), and no rocks below Coniacian have been peneuﬁted by drilling in the

Colombian and Venezuelan Basins.

The objectives of drilling Early Cretaceous sedirhents are the same as those for Jurassic strata,
except that emphasis is on drift-phase subsidence ami paleoceanography in possibly several major sea-
ways. The study of Early Cretaceous fossils and sediments will complement that of Jurassic strata in
discriminating large vs. small pre-Cayman transport of the Caribbean plate and may assist in dating
such movements, if any.

To approach these objectives, sites are advocated in the Venezuelan and Colombian Basins where
crust of normal thickness is encountered. A site in the southern Venezuelan Basin in the area of so-
called rough B’ (Fig. III-6) is particularly attractive. The Yucatan Basin is another Caribbean basin of

apparently normal crustal thickness which may include a full Cretaceous section (Fig. I1I-7) (E. Rosen-
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crantz, writ. comm., 1988).

Paleoceanography and Faunal Evolution of the Late Cretaceous and Paleogene

The evolution of Caribbean seawajs in this duration profoundly inﬂueﬂced Atlantic-Pacific oée-
anic circulation patterns and affected climate, faunas and floras. Ygt, despite its global importance, few
studies of Caribbean seéwéys hé{re been undertéken To understand the evolution of such seaways and
their effects on global circulation, climate and biota, 6ne or more key stratigraphic sections through
Late Cretaceous and Paleogene sedinients must be obtained. The results from Leg 15 were very

incomplete, but they give important clues on where to aim for more complete documentation.
Major Oceanographic and Climatic Effects

Climate: During the Late Cretaceous through the Paleogene, major changes in the ecosystem resulted
from a change from the warm, equable climate of the Mesozoic towards a climate and ocean circula-
tion system that eventually led to the present regime (Fig. IV-4). The change from the Mesozoic to
the Tertiary system was not graduél but involved dramatic, even catastrophic epvimnmental changes
that are still poorly understood. For instance, the late Maastrichtian climatic and environmental
deterioration led to major extinctions followed by the K/T boundary mass extinction. The recovery
period in surface productivity was prolonged and was. followed by major changes in climate, oceanic
circulation, productivity and evolution of micmfoséﬂé during the late Paleocene to early Eocene. These
fluctuations are illustrated in Figure IV-5. Understanding the conditions that led to these global

changes is of primary importance in reconstructing ocean climate and atmospheric history.

Data gathered so far suggest climatic cooling during the early Late Cretaceous followed by iso-
topically lighter bottom waters during the late Maastrichtian (Lindinger and Keller, in press; Barerra,

unpubl. data) that could have been caused by a major change in thermohaline circulation.

The K/T boundary event itself shows conflicting data, but overall cooling is implied for the earli-

est Paleocene with an unstably fluctuating climate. There was a general temperature rise during the

62



Age in Millions of Years

T°C

10

20

30

70

3.0 . 2.0 1.0 0.0 -1.0 -2.0
A2 " . Plio—Pleistocene
Yvv
v - 2
ng? LM ’:
] . ‘;o +.+ :
e Miocene
_ .; Pe +
s 2T
xgNend Ko on ) x =
B i
] "} - R B Oligocene
"yt |
® oy usiuif x
i Site N vfv
v 397 ~ e v
x 522 [ T3 A/ v ’
v 523 - o v Eocene
. @525 . pie ¥ 4
° 527 =
=528 BENTHIC FORAMINIFERA -, %5
° 529 ‘ Difeg =
| =558 ) % O
* 563 Do Paleocene
+ 608 ® "'-." &
' ¢ o= Cretaceous
ice sheets possibly ice free
0 4 . : 8 | " ] . '
[ 1 N modern_ (8w =-0.28)

". M =« ] l | ! Fo '
ice free"(dw=-1.2) a 8 |2

Bottom water temperatures vs age from composite benthic foraminiferal oxygen isotope
record for Atlantic DSDP sites since 70 ma. The lower temperature scale assumes no
significant ice sheets; upper scale assumes ice volume equivalent to present; from
Miller et al., 1987. 63



/l\./. .

- g
—

1 Pty N |

—

1
El T T

!

..\Als\a SN\

. ,\\//“Vﬁ//\\\/.//t\.\.\

o\-/-\-/

© s /\.\

[)
S>abm=670g=,

S

?u“«“”.‘/\nulo b

GgEE T an s W i T e BN RN HEE
mmmu.wm:wﬁu_.wwmmmmmmuuuu 1813
[] 9 ~ [ L ) [ - © - o o 9
ek L7 L ————ry —e| suanine g eig f . ‘e
- [ ée | ) D) ] it o Snunw oindimg
usiuvg usveg .'_.0. -

at El Kef,
boundary. Produc-

early Paleocene, and climate was unstable and

uctuating then as indicated by oxygen 18.

Carbon and oxygen isotopic changes with time in Cretaceous and Cenozoic
Tunisia. Drop in productivity indicated by low carbon 13 at K/T

tivity was low and fluctuating in

fi

Figure IV-5:

64



late Paleocene and into the early Eocene (Fig. IV-5). Stable oxygen isotope studies of well preserved
faunas in the Caribbean could provide insights into the thermohaline circulation of Late Cretaceous
oceans, production of warm saline bottom waters in low latitude marginal seas (Brass et al., 1982), and

the climate regime between the Tethyan-Atlantic and Pacific oceans, as expanded below.

Productivity: Information on productivity fluctuations at different levels in the oceans can be gained
by the carbon-13 isotopic valués for planktic and benthic foraminifera and bulk carbonates. The rela-
tionship Abetween oceanic productivity and atmospheric CO, is poorly understood. Yet it may be this
interchange that drives the climatic system and is largely responsible for the long post-K/T boundary

recovery period among marine microplankton.

Critical intervals to be studied are the K/T boundary productivity crash and prolonged recovery
period (Gerstel et al.,, 1987; Arthur et al., 1987; Keller, 1988), the carbon-13 shift during the mid-

Paleocene (Zone P2), and succeeding changes into the later Paleocene and early to late Eocene.

Cyclicity: Milankovitch cyclicity has been well established for the Pleistocene, but it is not well‘
known whether similar orbital motions affected climate during the Cenozoic. and Crétaceous. Studies
of rhythmic bedding in the Appennines by Herbert and Fisher (1986) have shown a 100,000 year cycle
and possibly a 400,000 cycle during the mid-Cretaceous. Similarly, a study of cyclicity in Albian
outcrops at Piobbico in Italy shows clear 100,000 yr. orbital and 20,000 yr. precessional cycles (Fig.
IV-6). This study shows that celestial motions similar to the present may have affected the climatic
system at least since the Late Cretaceous. However, it also implies that the K/T boundary event may
have disrupted this system for some time. At the present it is unknown whether Milankovitch cyclicity
can be detected during the late Paleocene and Eocene, although rhythmic bedding at this time in

Kryenhagen radiolarian cherts and shaly interbeds suggest that similar orbital effects existed.

The study of cyclic sedimentation in deep-sea sediments, the presence of Milankovitch cyclicity
from Late Cretaceous through the Paleogene, and the possible disruption of this system for short

periods of time is of key importance to an understanding of the evolution of climate and possibly of
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evolutionary changes of faunal and floral communities. The Caribbean can play an important role in
this study by virtue of its geographic position.
The Faunal Record

Late Cretaceous: Studies of Late Cretaceous faunas and floras indicate that gradual extinction
occurred through this time and that during the latest Maastn'chtian, diversity was already significantly
reduced. What caused this décline in diversity? Was it related to climatic and oceanic circulation
changeé? At present, good Late Cretaceous sequences with well preserved faunas are available from
the Pacific (Sites 465, 577), South Atlantic (Site 528) and North Atlantic (site 605). A complete Late
Cretaceous section in the Caribbean would allow comparison with these sites and demonstrate whether

the Caribbean faunas and floras show either Pacific or Atlantic affinities.

The K/T Boundary: This event has been studied in many deep-sea as well as land sections. Recent
studies in Texas (Brazos River - Jiang & Gartner, 1986; Keller, in prep.) show that the K/T boundary
event may have had little impact in this region. Microfossils as well as invertebrate faunas disappear
gradually during the Late Cretaceous. Planktic foraminifera that became extinct at the K/T boundary

were already declining prior to the event.

In the deep-sea as well as in the Tunisian shelf sections and those of the Brazos River, about 10
species survived the K/T boundary. However, the Texas fauna shows important differences from those
in Tunisia in that the surviving Cretaceous species in Texas are abundant and apparently thrive after
the boundary. Did sheltered environments for Cretaceous faunas still exist in the Caribbean and Texas

areas after the K/T boundary?

Early Paleocene: Zones PO and P1 are usually condensed into a few cms. of clay deposition in the
deep-sea. However, in shallow shelf sections these zones may be represented by as much as 3 m of
sediment (Keller, 1988). The degree to which the CCD was raised due to the productivity decrease at
this time could be investigated by placing a new hole in the region of Site 152 on the Nicaraguan Rise

(Fig. IV-1), where the best results across the boundary have so far been achieved.
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Middle-Late Paleocene - Early Eocene: Evolutionary radiation of Cenozoic planktic foraminifera
after the K/T boundary event occurred during the middle and late Paleocene, and major faunal changes
continued into the early Eocene. The climate warmed during the late Paleocene causing the maximum
temperatures known in the Cenozoic to be in the early Eocene (Fig. IV-4). Thereafter, a cooling trend
continued to the end of the Oligocene (Fig. .IV-4). Oceanic productivity increased about 300,000
years (Zone P1b) after the K/T boundary event with‘Aa major shift in Zone P2 (Fig. IV-5). What
caused the major climatic and productivity changes? Are there significant differences between the
Caribbean, Pacific, and Atlantic records? Study of faunal provinces as well as oxygen-18 and carbon-
13 studies of foraminifera can provide information on the evolution of the Caribbean province and its

importance as a gateway between the Pacific and Atlantic through the Paleogene.

Hiatuses: Any section drilled in the Caribbean is bound to have hiatuses because of the Atlantic-
Pacific current circulation through this seaway. The most extensive unconformities can be expected to
occur on structural highs, which thus have to be avoided. Sites must be chosen above the CCD in the
Caribbean basins to provide maximum information. Study of the global distribution of deéi)-sea hia-
tuses during the late Paleogene reveals that hiatuses generally correspond with climatic changes and

eustatic sea level lowering, as illustrated in Fig. IV-7 (Keller, et al., 1987).

The distribution of hiatuses can provide information regarding flow paths of major oceanic
currents, as well as the opening and closing of pathways within the Caribbean. Comparison of the
hiatus distribution in the Caribbean with that of the Pacific and Atlantic will permit the tracing of oce-

anic circulation through the Caribbean seaway.
Drilling Objectives

It should be possible to recover a relatively complete stratigraphic record from a fairly stable
region such as the southeastern Venezuela Basin (Figs. IV-1, III-6). Howevgr, the water depth should

not be greater than 3500 m during the time of deposition and preferably shallower to insure well

preserved calcareous microfossils. Possible locations are the flanks of the Venezuela Basin or the
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Colombia Basin.

To obtain a complete enough section, it may be necessary to drill more than one hole at the site
that is chosen, using new coring techniques able to get high recoveries in the difficult and varied litho-

logies.

Sedimentation and Diagenesis of Eocene Horizons A"

Seismic reflection studies in the Caribbean show 5 widespread strong reflector in the Colombian
and Venezuelan Basins called A" (F“lg.' III-6) and correlated with the similar A reflection in the Atlan-
tic (Ewing et al.,, 1967). A" was drilled on Leg 15 and shown to contain interbedded chert, limestone,
and soft ooze of early and middle Eocene age (Edgar, Saunders et al.,, 1973). It has been impossible,
however, to work out the stratigraphy, geochemistry, and diagenetic evolution of A" samples because
the drilling procedures yielded badly disturbed core. The A" strata are a major objective of new Carib-
bean drilling because they are a product of heterogeneous diagenesis caused apparenﬂy by global or
regional oceanographic changes. Understanding A" strata will also permit confident interpretation and
correlation of reflector sets across major structures in the Caribbean, such as thé boundaries between

thick and normal crusts (Fig. III-6).

The problem of the diagenesis of siliceous and calcareous oozes has been sporadically investi-
gated ilsing samples of varying quality on a number of DSDP legs. However, given a suitable coring
technology and a complete set of logs, it should be possible to obtain a complete sectién of the inter-
bedded cherts, limestones, and soft oozes of A" and to make extensive extrapolations, as follows. It is
known that A in the Atlantic is, in parts, a similar cherty interval but it is associated with an unconfor-
mity in the region of the continental margin. Using the new logging technology available on the Reso-
lution, it should be possible to determine the seismic characteristics of A" in the Caribbean, particu-
larly by analysis of velocity logs. It would than be possible to tackle the separation of the cherty inter-
val from the unconformity in the North Atlantic, thereby contributing greatly to the knowledge of sili-

ceous sediments and to the extent of the Eocene hiatus.
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Using Caribbean locations to document cyclicity is particularly useful as the region constitutes the

seaway between Atlantic and Pacific water masses.

Because of poor recoveries in Leg 15, the data with which to estimate the proportions or rates of
accumulation of silica or other components are poorly resolved, yet this is critical to our knowledge of

the mass balance of silica in the oceans (Miskel et al., 1985).

It appears certain that the alternation of lithologies that have been found to be so widespread in
the oceans at this level reflects Milankovitch cycles in the Eocene. At the moment we know little
about the faunal and floral response to the rapidly varying conditions highlighted by such cycles.

Equivalent cycles are presumed to occur on land but have not been conclusively proved to date.

The test site should be in the Venezuelan Basin at a shallower depth than Site 146/149, which
would require its placement some 50 km. to the northwest of that location (Fig. III-6). We should be
prepared to drill a second hole at the chosen site if this is necessary to obtain an adequately complete
section. In addition, it will be necessary to refine our knowledge of land sections that are thought to
display equivalent thythmic cycles. As regards, the effects of diagenesis on the caicareous and sili-

ceous fractions of the sediments, new pore water studies must be made.

Neogene Paleoceanographic Record

The tectonic evolution of the Caribbean has played a fundamental role in controlling the
exchange of surface, intermediate and deep waters between the Aflantic and Pacific Oceans. The
development of physical barriers and the resulting impediments to water movement have allowed the
chemical differentiation of the global ocean, setting up gradients in nutrients, salinity, and alkalinity
between basins. Today, surface water entering the Caribbean comes through gaps in the Antillean arc
and Aves Ridge. The prevailing trade winds pile up water against Central America resulting in a
hydraulic head over the level of the North Atlantic which provides much of the drfving force for the

Gulf Stream. Below the surface layer, the basins of the Caribbean are largely isolated from the main-
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stream of Atlantic thermohaline circulation by a series of shallow sills (1600-1800 m) which control
the downstream hydrography of the Caribbean deep waters. The Caribbean basins are thus filled with
waters which have their origins in the mid-depth Atlantic, today’s Upper North Atlantic Deep Water,
and perhaps some Antarctic Intermediate Water. These waters affect depositional/preservational pat-

temns in sediments of the deep Caribbean and leave a geochemical imprint on the benthic faunas.

Limited evidence to date' suggests that the Caribbean basins have experienced a unique paleo-
ceanographic history throughout the Neogene. Recent work on late Pleistocene sediments from the
Caribbean has shown that carbonate dissolution patterns and the carbon isotopic record of benthic
foraminifera are exactly out of phase with similar records from the adjacent deep Atlantic (Cofer-
Shabica and Peterson, 1985, 1986, in prep.; Oppo and Fairbanks, 1987; Boyle and Keigwin, 1987).
This reversal of the deep Caribbean signal on glacial-interglacial time scales has been linked to
climatically-induced change in the vertical deep water structure of the open Atlantic. On much longer
time scale_s, Leg 15 drill sites in the Venezuela Basin have allowed a very low-resolution reconstruc-
tion of Tertiary fluctuations in the Carbonate Compensation Depth (CCD) (Hay, 1985). _Compared
with CCD fluctuations in the Atlantic, those of the Venezuela Basin appear to have been much more
frequent, rapid, and generally of greater amplitude. These relatively short (<2 Ma) and high amplitude
(>600 m) bathymetric excursions of the Venezuela Basin CCD began suddenly in the mid-Miocene
about 15 Ma ago. The relatively rapid onset of these cycles and their propagation through much of the
late Neogene probably reflect some combination of tectonic (changing sill depth) or climate-related
changes in the character of the water mass entering the basin, although changes in biological produc-
tivity may also have played a role.

Neogene sediments of the Caribbean basins offer a unique opportunity to assist in the reconstruc-
tion of the history of mid-water thermohaline circulation in the open Atlantic and to gain insight into
the physical evolution of the Caribbean seaway through the careful comparison of sedimentologic,

biotic, and geochemical records from each of the various basins. In particular, the western Venezuela
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Basin (Fig. IV-1) and portions of the Cayman/Yucatan Basins (Figs. III-7, ITI-8) provide suitable target
areas for sampling transects across a range of water depths. These basins are today separated from
each other and receive their deep waters over different inlet sills. Both target. areas should be APC-
XCB-cored in depth transects consisting of a minimum of three double cored sites each. By following
a transect strategy, we can make high resolution reconstructions of carbonate accumulation and dissolu-
tion history (a debth-dependent process), and examine lthe isotopic and faunal records in these respec-
tive basins. Comparison of Caribbeag records with those from the adjacent Atlantic will lead to a
better understanding vof how the intermediate-depth Atlantic responded to major Neogene paleoceano-

graphic and paleoclimatic events.

Because of the relative homogeneity of deep waters in the silled basins of the Caribbean, far
fewer sites are needed to address the history of local deep waters than would be required in a stratified
open-ocean setting. Thus, the proposed drilling program would require a minimum of actual site time
in order to accomplish its objectives. In addition, time could be saved by coordinating an APC/XCB

Neogene program with deeper penetration objectives.

Other Sites

The panel also recommends with lower priority drilling the northern Nicaraguan Rise with a view
to the opening of a Cenozoic seaway between the Yucatan and Colombian and Venezuelan Basins dur-
ing active transform motion at the northem NA-Ca boundary. The background for such drilling is in

section VII (Droxler).

Correlative Studies

ODP drilling is our main concern, but other aspects need to be addressed. Before the Resolution
reaches the Caribbean we have a chance to review our information on some aspects of the geology of
the surrounding margins and of the islands. For this we would request funding to tackle certain key

questions that we have yet to formulate in detail. A great wealth of information has already been gath-
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ered; some published but much in the files of oil companies. A Synthesis of the relevant parts of this

will place us in the best position to interpret the new drilling results and to choose between the models

of plate origin and microplate migration.
We need to concentrate particularly on the early history, from Triassic to early Paleogene. Sub-

jects for study could include:

a) comparison of the Turonian to Santonian organic-rich sediments from Leg 15 for comparison
with land' occurrences of the same and earlier ages.

b) comparison of the Jurassic and Lower Cretaceous limestones of Cuba with those of Trinidad and
eastern Venezuela to look for signs that these were laid down in geographic proximity.

¢) comparison of the Cretaceous and Paleogene biota from earlier drilling with equivalents in North
and South America and Central America. How similar are the faunas and floras, or to what
extent do they differ? Do we see a Pacific provenance when we restudy the DSDP material

already gathered?
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V. ACTIVE MARGINS AND ACCRETIONARY TECTONICS PANEL REPORT
Chair: G. K. Westbrook
Panelists: Barker, Behrmann, Kellogg, Larue, Mascle, Moore, Payne, Smith, Speed, Tavaras

| Summary

The Caxibbean plate is rimmed by accretionary coinplexes along much of its margins, due to sub-
duction of oceanic lithospheres of adjdining plates and of Caribbean oceanic lithospheres below peri-
pheral terranes. Caribbean accretionary complexes provide unsurpassed opportunities for major
advances in the global themes of accretionary wedge mechanics and evolution of fluids in accretionary
wedges. It is possible to study by drilling all the major aspects of wedge mechanics in a single com-
plex: wedge thickening mechanisms, kinematics, and materials changes; growth history of wedges and
steady vs. episodic behaviors; tectonics of inner forearc regions, including wedge and forearc basin
interaction; effects of oblique convergence; and forearc subsidence. The evolution of Aﬁuids in wedges:
generation, flow rates and distribution, and controls by tectonism and vertical ldading can be investi-

gated concomitantly.

Introduction

The motions of plates around the present Caribbean plate have been such that most of its boun-
daries, with the striking exception of the Cayman Trough system, have some component of conver-
gence across them. This has led to the development of Cenozoic, mainly Neogene, accretionary com-
plexes around much of the Caribbean plate (Fig. V-1). The complexes occur at two types of sﬁbduc—
tion zones: exterior ones above downgoing oceanic slabs of adjacent plates (east of the Lesser Antilles
between Puérto Rico and Trinidad, north of Hispaniola, and the Middle America Trench between Mex-
ico and Panama) and interior ones where lithospheres of the Venezuela and Colombia Basins subduct

marginal Caribbean lithospheres or microplates of arc and transitional character (south of Hispaniola
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and Puerto Rico, off northern Panama, Colombia and northwestern Venezuela). These margins vary
greatly in their rates and directions of convergence and in the types of sediments accreted to them.
Within a comparatively small geographical area, there is a wide diversity in the development of accre-

tionary complexes.

The accretionary complexes of the Caribbean region are among the most intensively studied.
Excluding the Péciﬁc margin'of the Caribbean platé, the Barbados Ridge complex in the Lesser
Antilles forearc (Fig. V-2) has received the most attention. It was drilled in DSDP Leg 78A and ODP
Leg 110 (Biju-Duval, Moore et al., 1982; Moore et al., 1982; Moore et al., 1987; Moore, Mascle et al.,
1988), extensively explored by geophysical techniques (Westbrook, 1975; Westbrook et al., 1982,
1984, 1988; Brown and Westbrook, 1987; Mascle et al., 1985, 1988; Speed, Westbrook et al., 1984;
Biju-Duval et al., 1982; Speed et al., 1988; Torrini and Speed, 1988) and onland (Speed and Larue,
1982; Speed, 1983). All these investigations have led to major advances in understanding two global
themes.

1) accretionary wedge mechanics: thickening mechanisms, kinematics, and material:properties
changes; history of wedge growth by progressive deformation; forearc and slope basin development

and interaction with the growing wedge; and structural effects of oblique convergence.

2) evolution of fluids in accretionary wedges: progressive compaction of wedge sediments by
the expulsion of pore fluids and release by diageneses of fluids during accretion and subsequent thick-
ening and deformation of wedges; fluid and heat flow rates, conduits; effects of underriding sediments

- fluid sourcing and discharge paths; roles of fluids in wedge tectonics.

The global significance of these topics cannot be overstated because they provide a time-series
analysis of active mountain-building and the major processes of thin-skinned tectonics and fluid accu-
mulation. Although much has been recently leared, more investigations of accretionary wedges are
necessary to arrive at comprehensive theories of accretionary tectonics and fluids evolution. We dis-

cuss below the main aspects of these two problems that can be approached by drilling, emphasizing
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that Caribbean accretionary wedges offer perhaps the world’s best opportunities for major inroads.

Accretionary Wedge Mechanics; Thickening, Growth History, and ‘
Interaction With Forearc Basin _

Mechanics of Wedg;e Thickeﬁing: Accretionary wedges develop at active margins in response to
plate convergence and offscraping of a part of the sedimentary cover from the incoming oceanic crust.
Offscraping transferS to the wedgé’s leading edge a succession of thrust bound slices of sediment, each
a few hundred to a few thousand meters thick. However, accretionary prisms usually grow to
thicknesses of between several thousénd meters and a few tens of km. The thickening cannot be
explained solely by thrust imbrication during offscraping. Other processes of progressive thickening

are active in the wedge behind the deformation front, as follows:
1) rotation of initially offscraped packets,

2) formation of duplexes below the wedge by deepening of the detachment in the underriding sedi-

ments,
3) development of late (or out of sequence) thrusts within the wedge,
4) incorporation ofsediments of slope basins and slope drape in the wedge by thrusting and foiding.
All these processes have been recognized or inferred from the study of seismic profiles. Their
magnitude, time of formation, and mechanics can be leamed, however, only by deep drilling in areas

already well surveyed by seismic profiling. Such investigations are not only of interest for accretionary

tectonics but also for the understanding of the initial development of continental mobile belts.

The Lesser Antilles forearc at the eastern edge of the Caribbean plate, contains the Barbados
Ridge complex which is one of the best surveyed accretionary wedges in the world (Fig. V-2).
Several thousand km of multichannel seismic data (including high resolution as well as deep profile),
Seabeam mapping, and Gloria survey allow recognition of the occurrence of all the tectonic processes
previously described. Legs 78A and 110 of the DSDP program have yielded much data which, how-

ever, concern only initial accretion. A new set of holes (which would be achieved in a single leg) can
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immediately be proposed which would explain the different processes by which a wedge thickens

upslope from the deformation front. Examples of drill sites that might be occupied are:

1)  a deep hole 15 km arcward of the outer deformation front on the Leg 110 transect (near 674) to

test the process of underplating (duplex formation) (Figs. V-2, site a; V-3A),

2) 2 holes in the central pait- of the Barbados Ridge would cross seismically well defined out-of-

sequence thrusts (Figs. V-2, site b; V-3B),

3) holes alohg a transect as far upslbpe as Barbados (Fig. V-2, site ¢) would be devoted to the study
the progressive deformation of the slope cover, and its incorporation to the prism, with the

accompanying formation of slope basins (Fig. V-3C,3D,3E).

History of Growth of Wedges: Episodicity in Accretion: It is widely recognized that accretionary
complexes do not grow in steady state. There are periods over which they have grown more rapidly
than others. Variables controlling the rate of forward growth are rate of subduction, sediment thick-
ness, and sediment type which influence the position of decollement surfaces and the shear stresses
along them. A shallow-tapered accretionary wedge, which will have low shear sfressés at its base, will
grow forward more rapidly than a steeper angled wedge with higher shear stresses. The taper and
shear stress are functions of pore fluid pressure, sediment permeability and compaction rate, and thus,

the sediment is an important component of wedge growth.

To establish the importance of episodicity in the accretion process, we need to identify accretion
rates and periods of fast and slow accretion in the past which could be correlated with changes in plate
motions, sea level, and other aspects of the environment of accretion. The rate of forward growth of
the accretionary complex, which is not the same as the rate of subduction, can be established for the
growing tip of the wedge by examining the change in sedimentation between the trench floor and the
uplifted accreted slices of sediment. Rates of growth further in the past can be obtained by drilling
into the accretionary complex beneath the slope cover sequence to examine the age of the contact

between the slope cover and the accreted rocks beneath. With allowance for shortening, which can be
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assessed from the deformation of the slope cover, the rates of -forward growth of the complex in the
past can be derived. Changes in accretion rate are also reflected in changes in the compaction state
that show themselves as lateral velocity and density variations and produce variable response to defor-
mation, displayed as variations in vergence and changes in the angle and sense of the surface slope of
the wedge. Accretion rates are‘-a_lso reflected in heatflow anomalies near the front of the complex. For
the Barbados Ridge complex, these data indicate that fhe outer part of the complex, varying in width
from 20 to 80 km, has accreted more ;apidly than the inner part. The Barbados Ridge complex has a
well developed slope cover sequence deposited above the CCD, that can be well dated, and is very
broad and probably at least 40 my old offering the pclssibility of resolving variations in accretion rate

in some detail over a long period.

Interaction Beﬁ&g Wedges and Forearc Basins: A zone of young tectonism is recognized in the
inner or arcward reach of many of the world’s forearcs (examples: Lesser Antilles, Sulawesi, Sunda,
Aleutian). In such zones, the seaward flank of the forearc basin (FAB) is deformed, either together
with or against the arcward flank of the accretionary wedge (Fi}g. V-4). The widespread occ_ﬁrrence of
such zones implies that their development is related to the growth of the accretionary wedge. In tumn,
such inner forearc zones may be presumed to contain vital information for an improved understanding

of the growth dynamics of forearcs. Therefore, they form an important target for ODP.

Within such zones, however, the structure, kinematics, and timing of deformation are poorly
understood. Alternative hypotheses include 1) the arcward translation and wedging of the accretionary
wedge into the FAB, 2) collapse of FAB strata against the edge of a relatively rigid wedge, recording
contraction of the forearc basin, 3) uplift and migration of the arcward edge of the wedge and conse-
quent progressive deformation of FAB ahead of it due to growth of the wedge by offscraping and
perhaps, underplating. Questions of timing address the onset of deformation in inner forearc zones

relative to wedge evolution and whether such deformation had been steady or episodic.
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-The zone in the Lesser Antilles forearc, the Inner Forearc. Deformation Belt (IFDB, Fig. V-4) is
well defined in geographic extent and general configuration by marine geophysics. Interpretations of
the internal structure and history of the IFDB are .controversial (Westbrook,. 1975; Westbrook et al.,
1982; Biju-Duval et al., 1982; Speed, 1981; Speed and Larue, 1982; Mascle, 1986 Smith, 1987; Speed
et al., 1988 Torrini and Speed; 1988), however, and Figure V-4 shows in cross section one of several
possible solutioné. The major unknowns are 1) the agé and lithic kindred of reflector sets that occupy
stacked' fault and unconformity - bound packets within the IFDB, 2) the history of stacking of the
packets, and 3) the position of the boundary in the IFDB between the deformed FAB strata and the

original accretionary complex.

Such data can be obtained by ODP drilling in a single leg that includes few rotary holes that
penetrate the seabed <1200m and several HPC holes (Fig. V-2, site' ¢). The probability of useful
findings is high because the region has a 1) dense array of existing MCS seismics, 2) strong probabil-
ity of highly microfossiliferous rocks, 3) probability of diverse sediment provenances (pelagic, terri-
genous, volcanogenic) to aid identification of lithic kindred, 4) outcropping accretioﬁary wedge on Bar-
bados, 5) extensive analysis of seismics b& diverse authors (as above) to provide well-posed drilling
targets and alternative models to test. Such factors cause the Lesser Antilles forearc to be the best, or
at least one of the best, places in the work to investigate FAB - accretionary wedge tectonic interac-
tions.

Oblique Convergence: Impinging upon the topic of wedge mechanics are two aspects of forearc tec-
tonics that are well developed in the Caribbean. These are oblique convergence and forearc subsidence.
They can be expected to have an important influence on the development of accretionary wedges and
forearc basins, but no definitive studies of their effects are available. With appropriate site surveys

these studies could be made in the Caribbean region.

Most convergent plate margins are arcuate features. In a rigid plate model this means that parts

of these margins are obliquely convergent. Yet no study of oblique convergence has been undertaken
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in the context of the Ocean Drilling Program to date.

Accretionary tectonics at an obliquely convergent margin results in distinct structures that reflect

material flow nonperpendicular to the boundaries of accretionary wedges. These are:

a) enechelon fold belts,

b) flower structures with loéal or mgioﬁal defmmaﬁon partitioning (dip-slip on thrusts, strike slip
along steep shear zones),

¢)  along-strike variations of sedimentary facies in front of an obliquely convergent margin can be

used to establish direction and rate of oblique thrusting within the accretionary wedge.

Principal stress orientations and their relation to slope direction and plate motion direction, can be
used to determine the relative contributions of gravity effects and bulldozing in accretionary wedge
building. Structures and their geometry can in part be documented by detailed offshore geophysical
investigations (reflection seismics, sidescan sonar and swath mapping), but the study of fault and shear
zone kinematics requires direct observation by drilling. Principal stress orientations can only be deter-
mined in boreholes by observation of breakouts. Here the use of new logging technologies (e.g.
borehole televiewer, four-arm caliper log, formation microscanner) available to the Oceati Drilling Pro-
gram is crucial. The Caribbean is probably-the best area in the world to study oblique convergence
due to its abundance of arcuate and/or transpressi\)e plate margins (Fig. V-1) (e.g. northem Lesser

Antilles forearc, south Caribbean deformed belt, Panama deformed belt).

One full ODP drilling leg would be needed to analyze kinematics and dynamics of oblique con-
vergence in a well chosen and well site-surveyed area, preferably at the northern termination of the
Lesser Antilles forearc, or along the South Caribbean deformed belt.

Forearc Subsidence: Much research has been concentrated on the upward and outward growth of
accretionary complexes by subduction accretion and underplating. However, it is clear that in some

forearc regions, subsidence of the forearc region has occurred (Japan, Peru-Chile trench). Typically,
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such forearc subsidence has been attributed to tectonic erosion of the underlying plate. Rates of sub-

sidence are on the order of 100’s m/my.

Forearc subsidence has been studied by drilling only in the two areas above. The Caribbean also
contains documented but undrilled examples of forearc subsidence; particularly the Puerto Rico forearc
and the inner Barbados Ridge complex. Both of these may provide superior sites for study of forearc

subsidence, due to high potential for well resolved dating and abundant existing data.

The Caribbean wall of the Puerto Rico Trench has subsided about 3.5 to 5 km in the last 7 ma,
giving the spectacular average rate of 0.5 to 1 km/ma. This is based on the existence of dredge hauls
of neritic carbonate of Miocene-Pliocene age from depths of 3.5 km (Schneiderman et al., 1972; Perfit
et al.,, 1980) and the continuity of seismic reflectors from the dredge sites to onland exposures in
Puerto Rico (Meyerhoff et al., 1983; Moussa et al., 1987). Possible causes of subsidence and further
description are in section VII-10. The actual subsidence rates and duration and the seismic properties
of the reflectors are vital for progress in understanding the causes of the Puerto Rico forearc sub-
sidence.

Seismic studies of arcward tracts of the Barbados Ridge complex indicate widespread shoaling in
late Miocene time, followed by subsidence of the inner wedge and the outer forearc basin of up to 2.5

km (Speed et al, 1988; Torrini and Speed, 1988). The subsidence continues heterogeneously today.

The panel advocates ODP drilling of Caribbean forearc sites to improve our understanding of the

bathymetry - time relations of forearc subsidence.

Fluids in Accretionary Wedges

As sediment is deformed in accretionary wedges large volumes of water and other fluids are
expelled, mandating an active hydrologic system. These fluids influence overthrusting (Hubbert &
Rubey, 1959) and wedge geometry (Davis et al., 1983), control temperature regimes (Reck, 1987),

carry material as solutes, dissolved gases, and muddy slurries (Westbrook & Smith, 1983; Brown &
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Westbrook, 1987), impact small-scale structural evolution, diagenesis, and metamorphism (Schoon-
maker, 1986), and even spawn biological oases on the deep sea floor (Kulm et al., 1986; Le Pichon et
al.,, 1987). In the accretionary wedge environment a potential linkage exists between earthquakes, sedi-
ment deformation, and fluid flow. Documented expulsion of deep-source fluids in subduction zones
(Moore, Mascle, Taylor et al.,, 1987; Le Pichon et al., 1987) suggest potential models for long distance

lateral transport of hydrocarboris.

Hydrogeo’logical regimes of accretionary wedges are subdivisible into those dominated by coarser
grained sediments of localized conduits of high primary permeability and those characterized by fine-
grained, inherently impermeable muds where fluid is expelled ‘principally along fault-controlled frac-
tures. Existing drilling, submersible, and marine seismic reflection studies have provided some results
on the geometry, source depths, and effects of fluid flow in both hydrogeological regimes of accretion-
ary prisms. Complete understanding of the consequences of fluids in these environments requires

information on rates and periodicity of flow in addition to more data on conduits, sources, and effects.

The Barbados Ridge is one of the best natural laboratories for the analysis of fluid expulsion
from accretionary wedges. Here a north-south transition from fine to relatively coarse grained sedi-
ment types encompasses both hydrogeologic Vend members of accretionary prisms. Drilling in the Bar-
bados accretionary prism has and should continue to.be successful because of excellent biostratigraphic

resolution, relatively shallow water depths, and excellent site surveys.

A comprehensive hydrogeological program should assess the overall fluid budget of the accretion-
ary prism, including determination of fluid sources, expulsion paths, flow rates, and geophysical and
geological effects. Transects across both the northem and southern extents of the Barbados Ridge,
which differ markedly (Fig V-6), will evaluate both low and high permeability hydrogeologic regimes
along a single subduction zone with little variation in the age and rate of incoming oceanic lithosphere.
Along these transects, holes should be located: 1) near the outer and inner deformation fronts, spanning

the decollement where accessible, as well as other faults and permeable stratigraphic conduits (Fig. V-
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2, sites e and f; Figs. V-3A,5,6), 2) across the interior of the accretionary prism focusing on out-of-
sequence thrusts or mud volcanoes/diapirs and 3) outboard of the inner and outer deformation fronts
for the reference state of incoming fluids and to ascertain fluid expulsion along permeable sedimentary
layers, incipient faults, and mud extrusion structures. Scientific investigations should include analyses
of porewater chemistry, and structural and diagenetic alteration of sediments. A complete suite of logs
should be run iﬁcluding the borehole televiewer and.la microresistivity tool. Downhole instruments
should be utilized to measure temperature, pore pressure, and permeability. Long-term monitoring of
selected sites should be instituted to assess the relationship between deformational cycles and fluid
flow. Tools being developed for Western Pacific drilling can potentially provide many of the necessary
measurements. However, a continuing technological developmént effort will be necessary to modify

and improve these prototype devices.
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VI. MAGMATIC PROCESSES PANEL REPORT
Chair: H. Sigurdsson
Panelists: Bouysse, Donnelly, Jackson, Klaver, Meschede, Perfit, Waggoner, White

Summary

The Cayman Trough is a prototype example of é pullapart basin in which formation of oceanic
lithosphere has occurred. The obliquity of slip in the Cayman Trough is probably the world’s greatest,
such that the Trough may provide the prime test of the cold-edge effect on lithosphere formation. It
will also provide a test of petrologic models which indicate magma types evolve in pullaparts from
early alkalic through transitional to late tholeiitic types during progressive opening.

The Colombian and Venezuelan Basins of the Caribbean region contain widespread oceanic
basaltic plateaus of Late Cretaceous age, together with minor tracts of normal oceanic crusts of unk-
nown age. The oceanic plateaus differ from normal crust formed by MOR processes by greater thick-
ness, extent of flows, and magma chemistry and are distinct chemically from thé long-lived and more
localized hotspot emissions as in Hawaii. Studies of the Caribbean platcaus can proﬁde strides in
understanding of the following: 1) magmatic evolution of oceanic plateaus; 2) kinematics during pla-
teau formation; 3) role of nonsubductible plateaus in development of allochthonous terranes at con-
tinental margins; 4) tectonic environment of plateau formation, either during North America-South
America drifting or as a phase of an intra-Pacific event; and 5) Cretaceous magmatic-tectonic history of

the Pacific Farallon plate if the Caribbean plate is derived from the Pacific.

The Neogene Lesser Antilles arc magmas contain chemical and isotopic compositions that suggest
sediment- or slab-derived fluids are involved in their petrogenesis. An important implication of this is
that major geochemical heterogeneities may arise in the mantle because of sediment subduction and
that sediment subduction must be included in whole-earth geochemical models. Further understanding

requires drilling adjacent to the arc to investigate the geochemistry of older arc magmatic products and
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volcanic history of the arc.

Introduction

The Magmatic Processes Panel addressed topical and regional problems of the generation, migra-
tion, and emplacement of magmas in the deve]opment of Caribbean lithosphere. Their scope included
processes of oceanic and arc magmaﬁsm, the roles of fluid and sediment in magma generation, and the
relationships of obducted Caribbean ophiolites to basiﬁal lithospheres. The panel recommended that

three broad problems be addressed with vigor by future ODP drilling (Fig. VI-1):
1)  crustal formation in a transform plate boundary: Cayman Trough
2) Caribbean oceanic plateaus

3) sediment subduction and mantle heterogeneities: the Lesser Antilles arc

Crustal Formation in a Transform Plate Boundary: Cayman Trough

Introduction: The Cayman Trough is a 1600 km lohg and 120 km wide subma_rine depression that is
a segment of the North American-Caribbean plate boundary. A short north-south trending spreading
center, in the central portion of the Trough, connects long transform faults on the northeast and
southwest (Fig. VI-2). The Trough is bounded by two arc-like submarine ridges, the Cayman Rise on
the north and the Nicaraguan Rise on the south. The geology and geophysics of the Trough are dis-
cussed by Holcombe et al. (1973); Perfit and Heezen (1978); Stroup and Fox (1981); Rosencrantz and

Sclater (1986); and Rosencrantz et al. (1988).

The Cayman Trough, also discussed in section III, is an important and unique geologic feature
for a number of reasons. First, it has been a highly oblique transtensional plate boundary between the
North American and Caribbean plates since at least mid-Tertiary time and contains the best recorded
history of such plate motion. More precise data regarding the geologic history of thé Trough can pro-

vide important constraints on the evolution of the Caribbean plate and the complex development of the
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NA-Ca boundary zone in the Greater Antilles.

Second, the Trough is prototype example of a pull-apart basin, where oceanic crust has been
created and accretion has been localized. i’etrologic models suggest an evolution of basaltic magma
types from early alkalic through transitional to tholeiitic during the development of such basins.
Indeed, early rifting along the eastward extension of the Cayman Trough in Jamaica and Hispaniola is

associated with the eruption of alkalic basalts (Wadge and Wooden, 1982; Mann et al., 1984).

Third, the juxtaposition of a short, slowly spreading (<2 cm/yr) ridge and two long transform
faults provides the opportunity to study an end-member example of the "cold-edge effect” or
"transform fault effect” (Langmuir and Bender, 1984) on magma genesis. Models predict a thermal
effect on the petrology and geochemistry of mantle-derived magmas and the structure and development
of oceanic lithosphere (Fox and Gallo, 1984; Stroup and Fox, 1981; Langmuir and .Bender, 1984;
Elthon, 1985). Testing of such models is important to understand méntle melting processes, magmatic
evolution at accreting plate boundaries, and mechanisms driving the plates. The Cayman Tmugh is an

ideal site to test and more fully develop many of our current hypotheses and models.

Current Knowledge: The Cayman Trough is a deep feature, with average depth of about 5,000
meters (Fig. VI-2). It appears to have an oceamc crustal structure throughout and thin crust relative to
normal oceanic crusts, but this is based on limited seismic refraction data. (Ewing et al., 1960).
Single-channel seismic transects and GLORIA coverage show the Trough to have extremely rugged

north-south trending ridges with relief up to 2000 m (Holcombe et al., 1973; Rosencrantz and Sclater, |
1986; Edgar, 1987 pers. comm.). The GLORIA data suggest the Mid-Cayman spreading center is tec-
tonically complex and quite distinct from normal spreading centers at mid-ocean ridges. Its complexity
may be due to frequent rift jumps, small transform offsets, and diapiric rise of serpentinite along frac-
ture zones. Geophysical coverage in the Trough has been significantly improved by a French cruise in

December 1987.
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Interpretations of magnetic lineations in the Trough, discussed in section III, are somewhat contr-
oversial, and the first opening of the Trough is thought to be as old as mid-Eocene by Rosencrantz anq
Sclater (1986) and as young as Late Miocene by MacDonald and Holcombe (1978). Rates of spread-
ing calculated on the basis of magnetic anomaly identification vary from 20 to 40 mm/yr, whereas rates
estimated from crus;al subsidence, geologic evidence and plate circuits are less than 20 mm/yr (Perfit,
1977; Rosencranfz and Sclater, 1986; Stein et al., 19885. Thick sediment cover and poor magnetic sig-

nals at both ends of the Trough have hampered attempts to decipher the early spreading/rifting history.

Dredging and ALVIN dives have recovered basalts, diabases, gabbros and serpentinized perido-
tites from the ridge crest and adjacent transforms (Perfit, 1977; Perfit and Heezen, 1978; CAY-
TROUGH, 1979; Stroup and Fox, 1981). An unusually high percentage of the samples are gabbroic
rocks, many with complex metamorphic textures. Stroup and Fox (1981) suggest anomalously thin
oceanic crust in the Trough as a consequence of the "cold edge effect" resulting in decreased melting
in the asthenosphere. Slow spreading rates, low heat flow, and crustal depths support this hypothesis.
A lack of hydrothermal activity and the absence of mineralization also suggest small magma produc-
tion.

The basaltic rocks have affinities with normal and E-type MORB and have depleted LIL and
REE patterns and Sr and Nd isotopic characteristics of MORB from the North Atlantic (Fig. VI-3a)
(Perfit, 1977; Perfit and Waggoner, 1980; Thompson et al., 1980, Waggoher, 1988 unpubl). In particu-
lar, they have higher concentrations of TiO,, NayO, P,Os, Sr, Zr and Y than N-type MORB and
unusual "humped” LREE patterns yielding high Ce/Yb values (Fig. VI-3a,b,c). These trace element
characteristics are very similar to those of basalts from other .spreading centers associated with rifted
arcs and "leaky" transform domains (e.g. Ayu Trough, Perfit and Fomari, 1982; Woodlark Basin,
Perfit et al.,, 1987). Klein and Langmuir (1987) suggest the unusual compositions are directly related

to the ridge depths and caused by low extent of melting of shallow asthenosphere.
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Present limited isotope data suggest that basalts presently erupting along the mid-Cayman Rise
are highly depleted (Figs. IV-4,5), but we have no knowledge of geochemical characteristics of mag-

mas erupted in early stages of opening of the Trough.

Objectives of Cayman Trough Drilling: Drilling in the Cayman Trough would provide the first
detailed study of the development of an active leaky transform plate margin and elucidate the magmatic
evolution of a small oceanic rift and accretionary plate boundary. The lithospheres cut by the Trough
are of uncertain origin but are possibly ancient arc terranes (Nicaraguan Rise and Cayman Ridge).
Spatial-temporal chemical and petrologic changes should be anticipated, and current petrologic models
predict one or more of the following possibilities: a) early rift-related alkalic volcanism, with oceanic
island basalt or arc-alkalic trace element and isotope characteristics; b) early rift volcanism with geo-
chemistry similar to East African continental rifts or analogous to arc pull-apart basins, such as the
Eocene-Miocene Low Layton formation in Jamaica, Palebcene-Eocene bimodal volcanism in Jamaica,
and Pliocene to recent rifts in Hispaniola (Jackson, 1987; Mann et al., 1984); c) later spreading center

volcanism showing affinities with “leaky” oceanic transforms, generating E-type MORB.

This ridge-transform system has the smallest known ridge to transform length ratio, and should
consequently show the greatest "cold edge effect" on the composition of melts. Transform fault effects
on geochemistry of magmas are hard to evaluate, but there is some chemical indication of an unusually
small degree of melting in the generation of Cayman basalts (high Na,O, TiO,, La/Sm, very low
Ca0O/A1,03). The origin of thin oceanic crust in the Cayman Trough could be related to slow spread-
ing rates and low degrees of melting and may reflect low magmatic budgets. Periodically replenished
magma chambers, characteristic of many normal spreading centers, may be absent from the Mid-

Cayman spreading center, and consequently rapid freezing of the magma at shallow levels may occur.

Plate driving forces in the opening of the Cayman Trough are somewhat unusual, in that mantle
upwelling is passive and due solely to the pulling apart of the plates. There is no thermal anomaly to

drive a convective system. The Cayman Rise thus provides an opportunity to study one of the
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theoretical end-members of plate driving mechanisms. Moreover, chemical and isotopic compositions
of Cayman Trough basalts (the most depleted end-member) will serve as a baseline for comparable stu-

dies in the Caribbean.

Cayman Trough drilling could provide a window for investigating incorporation of lithospheric
mantle in rift magmas. Because rifting may have occurred in a former island arc terrane, early rift vol-
canism may have incorporated arc or continental isotopic signatures. If present, such isotopic signature

could indicate continental/arc lithospheric mantle delamination.

The results of studies of Cayman Trough magma genesis and tectonic evolution can serve as a
model for other intra-oceanic rifts and transforms, such as the relatively little studied transforms in

Pacific (e.g., Siqueiros, Batiza et al., 1977; Natland and Melson, 1980).

Because of the relatively thin layer 2 in the Cayman Trough, it is feasible here to drill through
layer 2 into layer 3 to study the physical and chemical relationships of the layered oceanic crust. The

Cayman Trough may indeed be the best place in the oceans to carry out such a study.

Finally, sampling the sedimentary cover along a transect of the Trough wm'pm\}ide much needed
temporal constraints on the opening of the Trough and its subsequent development. Because the his-
tory of relative motion between the North American and Caribbean plates is recorded by the Cayman
Trough, it is a very important objective to determine the timing and duration of events along the

Trough.

Proposed Cayman Trough Drilling: The Magmatic Processes Panel proposes three single-bit drilling
sites in order to meet the objectives stated above (Fig. IV-1). All three sites would be in the eastem
part of the Cayman Trough and located so as to obtain the temporal variation in basalt geochemistry
and magmatic processes during opening and evolution of the Trough. The first site should be in the
easternmost part of the Trough, southeast of Cuba (19°06’N; 77°30°W), to recover volcanic rocks
(alkalic basalts or transitional arc lavas?) from the initial opening phase. The hole would penetrate

over 0.5 km of sediment before encountering volcanic basement. A minimum of 100 m deep sampling
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of layer 2 is proposed. The second site should be about midway between the ‘active Mid-Cayman Rise
and the eastern end of the Trough (18°42°N; 79°27°W). At this site, drilling should proceed until the
gabbroic section of the oceanic crust is encountered, approximately 500 m below the top of oceanic
crust. Reentry of this hole may be required. The third site should be located 170 km east of the Mid-
Cayman spreading center (18°24°N; 80°45°W), for sampling of younger oceanic crust to sub-bottom

depth of about 200 m.

Caribbean Oceanic Plateaus

Introduction: In 1970 drilling from the Glomar Challenger in the Venezuelan and Colombian Basins
during Leg 15 of the Deep Sea Drilling Project encountered basalt and diabase at five sites (Fig. II-1,
sites 146/149, 150, 151, 152, 153), with total recovery of only about 15 m of volcanic/hypabyssal
rocks (Edgar, Saunders et al., 1973). This discovery led to the recognition of a Coniacian to early
Campanian flood basalt event within the Caribbean and showed that the top of such basalt is the
widespread smooth B" seismic reflector. Such basalts also cause the relatively high thickness and shal-
lowness of the Caribbean crust, compared to normal oceanic crust (Donnelly et al, 1973). The Carib-
bean crust is 1.5 to 2.5 km shallower than predicted from the depth versus age relation for normal oce-
anic crust (Sclater et al., 1977) and conforms to the depth relation for aseismic ridges (Detrick et al.,

1977).

The creation of large oceanic basaltic plateaus represents one major and distinct process of forma-
tion of oceanic crust, characterized by large outpouring of magma over a relatively short time span
(Winterer, 1976; Thiede, Vallier et al., 1981; Larson and Schlanger, 1981; Batiza et al., 1981; Maho-
ney, 1988). Oceanic plateaus differ from oceanic crust formed by steady-state accretion in several
respects, especially in crustal thickness, extent of flows and geochemistry. They are also geochemi-
cally distinct from the long-lived, but comparatively smaller and localized intraplate hotspot activity,
exemplified by the Hawaiian islands. Perhaps the closest currently active analogue to the Cretaceous

oceanic plateaus is the Iceland plateau, although the latter may be longer lived (20 m.y.).
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A major, perhaps global magmatic event in the Cretaceous (100 to 85 Ma) led to formation of
numerous oceanic plateaus in the western Pacific. The Caribbean plate may represent a very well
preserved example of this type of plateau (Larson and Schlanger, 1981). The plateaus extend
throughout most of the Colombian and Venezuelan Basins, and crust of normal thickness and depth
occurs mainly in small scattered patches (Fig. III-6) (Diebold et al., 1981; Bowland and Rosencrantz,
1988). Obducted Caribbean crust around the margin é)_f the Caribbean plate may expose oceanic pla-

teau lava (Burke et al., 1984).

The Caribbean oceanic plateaus may have partly controlled the eastward motion of a possible
early (pre-Cayman) Caribbean plate between the North and South American plates, because of the
buoyancy and nonsubductibility of the thickened Caribbean crust. To summarize, study of the Carib-

bean oceanic plateaus is of particular importance to understand:
1. origin and magmatic evolution of oceanic plateaus,

2. role of buoyant oceanic plateaus in formation of allochthonous terranes and their accretion to con-

tinents (Nur and Ben-Avraham, 1982),
3.  influence of the oceanic plateau on the tectonic evolution of the circum-Caribbean region.

Structure: The Caribbean plate containing oceanic p1ateaus has crustal thickness on the order of 5 km
greater than "normal" oceanic crust and has an areal extent of 6x10° km?. Together, the plateaus have
similar dimensions to the greater Iceland plateau (including the Kolbeinsey platform) with an area of
4x10° km?,

Volcanological features of note are an abundance of hyaloclastite layers in the Caribbean plateau
(Edgar, Saunders et al., 1973), similar to the western Pacific plateaus (Larson, Schlanger et al., 1981).
The abundant hyaloclastites are probably related to rapid outpourings of lavas and may be thus a func-
tion of high mass eruption rates, unlike extrusion at mid-ocean ridges. The smooth B" feature may

also be an indication of extensive magmatic events, long-range outflow, and shallow injection of sills.
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Seismic studies in the southeastern Venezuela Basin (Fig. III-6) do not prove whether the oceanic
plateaus (capped by the smooth B" reflector) formed by eruption above older normal oceanic crust
(characterized by a rough B" reflector in the terminology of Diebold et al., 1981) or were primary cru-
stal products. Thus, we do not yet have conclusive evidence for a two-layered crust in areas of oce-
anic plateaus, although layering below the plateaus is suggested (Stoffa et al., 1981). The geochemical
and petrologic character and age of the rough B" reﬂector are unknown, as discussed in section III, but
due to its more normal depth to Moho _and seismic reflection characteristics it has been suggested to be
oceanic crust produced at a spreading center (Diebold et al., 1981). It may therefore represent either
crust formed during the opening between North and South American plates, or crust formed at a

spreading center in the Pacific.

Possible Subaerially Exposed Equivalents: Possible equivalents of the Caribbean oceanic plateau
basalts may ‘oceur in lava successions exposed in the Greater Antilles, Netherlands Antilles, and in
ophiolites in Central America. The best preserved of these are in Haiti (Sen et al., 1987; Dumisseau
formation) and in Curacao (Klaver, 1987; Beets et al., 1984). Dating of the subaerially exposed
sequences shows that volcanism began about 110 Ma and terminated around 80 Ma. Thicknesses of
the lavas vary from about 1500 m in Haiti to more than 5000 m in the Netherlands Antilles. The
thickness of the Curacao formation is compax;able with estimates for the entire Caribbean plateau basalt
sequence. The presence of lapilli tuffs, well sorted conglomerates and a paleosol of weathered basalts
in Aruba indicates that some of the Caribbean flood basalt volcanism may have been subaerial (Beets

et al., 1984).

Trace element characteristics of the Curacao and Haiti basalts indicate a range from N-type
MORB to E-type MORB, which is in agreement with the range of Leg 15 basalts (Klaver, 1987; Beets
et al., 1984; Sen et al., 1988). Based oﬁ the limited sampling to date, it appears that slightly enriched
N-type MORB occurs in the Venezuelan Basin whereas the E-type MORB occurs on the Beata Ridge

(Waggoner, unpubl. data). Ophiolitic complexes exposed on the Pacific coast of Costa Rica (Nicoya,
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Santa Elena, Quepos and Osa) may include lavas of the B" Caribbean event, but age determinations
and correlations with crusts of the Colombian and Venezuelan Basins are very difficult due to their
absence of sedimentary material. They include ultramafics, MORB, and alkalic basalts. Some of these
basalts extruded in shallow water as indicated by a high content of vesicles (Meschede et al., unpubl.
data; Schmidt-Effing et al., 1980). |
Geochemical Ch;aracteristics:- To date, the geochenﬁ;:al characteristics of the Caribbean oceanic pla-
teau volcanism have been assessed from only five shallow-drill Leg 15 DSDP sites and the Dumisseau
formation on Haiti (probably an uplifted portion of the Beata Ridge section of the Caribbean basaltic
crust). The Curacao and Aruba lava formations may also represent crust of this origin (Beets et al.,
1984; Klaver, 1987). Leg 15 basalts have solidified from relatively evolved magmas in which olivine
is absent. The oceanic plateau basalts, as sampled at DSDP Leg 15 sites and in the Dumisseau forma-
tion in southern Haiti, are of two general types: more common low-potassium and LREE-depleted
basalts, and rare higher-potassium, high-titania, and LREE-enriched basalts (Donnelly et al., 1973;
Bence et al.,, 1975), aﬁd show a dual nature in terms of trace element and isotope characteristics at
some sites with trace elements indicating N-MORB affinity and isotopes indicating an E-MORB
affinity (Figs. VI-4,5). The trace element abundances in basalts from sites 146, 150, 152 and 153 are
generally low and similar to MORB, with depleted LREE abundance patterns, high La/Ta and low
Zr/Y typical of N-MORB. Curacao and Aruba basalts resemble slightly depleted MORB and are simi-
lar to basalts from sites 146, 150, 152 énd 153. Basalts from site 151 and the Dumisseau formation in
Haiti have higher trace element abundances, enriched LREE patterns, low La/Ta (~10) and high Zr/Y,
typical of hotspot, E- or T-Type basalts.

The relatively low LILE concentrations, high CaO/A1,03 (0.84) and FeO (10.3%), low Na,O
(1.8%) and [Sm/Yb]y (0.85) suggest an origin of the basalts by large degrees of melting. Parental
magmas may have been picritic, if the coeval Curacao submarine basalts (Klaver, 1987; CaO/A1,0,

~0.86%, Na,0 ~1.6%, FeO ~9.5%) are representative of the Caribbean oceanic plateaus. This large-
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scale melting has not, however, -obscured isotopic and trace element ratio affinities with hotspot mag-
mas, such as the low (~10) La/Ta ratios in site 151, in Dumisseau basalts, and in Curacao-Aruba
basalts. It must be stressed, however, that a range exists from normal type to. enriched type MORB in
the scanty sample and data base available. The oﬁgin of this large-scale melting event could be related
to a global mantle convection-related thermal event, or to uprise of a mantle megalith, such as derived

from old subducted lithosphere (Ringwood, 1982).

The Haiti Dumisseau basalts show a total range in isotopes that is equivalent to the range in the
Leg 15 basalts (Figs. VI-4,5). How typical the Dumisseau basalts are of the Caribbean oceanic pla-
teaus is an important problem awaiting resolution, particularly since drilling has so far only scratched
the uppermost surface of the Caribbean basalt formation. Nd and Sr isotopes (Waggoner, unpubl. data;
Fig. VI-4) indicate that these basalts, with the exception of the upper flow at site 146 and two basalts
from the upper part of the Dumisseau formation in Haiti, have oceanic island affinities, with radiogenic
isotope characteristics similar to the Easter and Galapagos Islands hotspots. The three exceptions to
the above have N-MORB-like characteristics, with possible minor seawater alteration effects on Sr iso-
tope ratios. Pb isotopes (Fig. VI-5) indicate oceanic island affinities for these basalts. Combined Pb
and Nd isotope characteristics indicate that the source of the oceanic plateau volcanism is most similar

to the hotspot sources that produced the Easter and Galapagos volcanism.

The geochemical evidence thus requires both a MORB and hotspot type of mantle source feeding
the Caribbean oceanic plateaus in the Cretaceous. The Cayman Rise magmas erupting today show that
the mpdem sub-Caribbean mantle is clearly depleted, similar to suboceanic mantle feeding other mido-
cean ridges (Perfit, 1977; Thompson et al., 1980). Thus, either the hotspot source shut off in Cam-
panian time or the plate has experienced major motion since its passage over a Pacific hotspot (Duncan

and Hargraves, 1984).

The Venezuelan and Colombian Basin crusts show many similarities with the structure of western

Pacific oceanic plateaus created during the episode of Late Cretaceous global volcanism (Winterer,
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1976; Thiede, Vallier et al.,, 1981; Larson and Schlanger, 1981). Basalts from Pacific plateaus often

exhibit a dual nature of depleted trace element levels and hotspot type isotopic ratios (Mahoney, 1988).

Based on Sr and Nd isotopes, the Nauru basin volcanism is similar to the volcanism of Caribbean oce-

anic plateaus. The Caribbean oceanic plateaus show a higher degree of isotopic and trace element vari-

ation than Pacific oceanic plateaus. This may be related to either an inherently more heterogeneous

source, differences in source melting processes, or theArelatively better sampling in the Caribbean than

Pacific plateaus. Recently completed drilling and future drilling of Pacific oceanic plateaus will provide

more information on their variability, but the Caribbean will still remain an important testing ground

for understanding the origin of plateau volcanism and accretion processes.

Unsolved problems of the Caribbean oceanic plateaus include the following:

1.

What is the age of initiation of Caribbean plateau volcanism, and what are their spatial age distri-
butions? Is the age distribution symmetric about a central axis or paleoridge, as predicted from
normal spreading processes, or is it diffuse, as expected from eruption from multiple sources?
The latter is the case in the Iceland oceanic plateau, where frequent rift jumps and diffuse volcan-
ism characterize the build-up.

Is there a regional/spatial distribution in geochemical/petrologic types of basalts?

What is the thickness of the formation and the eruption rate?

What signal can be found in ocean sedimentation in response to the plateau eruption event?

What is the petrologic variation with age in the erupted basalts, as revealed by deep drilling?
The Curacao formation suggests a sequence from early picritic lavas, followed by normal
tholeiitic to more evolved lavas (Klaver, 1987).

Basalts of the Caribbean plateau are evolved (Mg/Mg+Fe?* 0.52 to 0.65; Bence et al., 1975) and
were not derived directly from the Earth’s mantle. They must have been staged in reservoirs at

some level within the crust to evolve before eruption. There is thus a requirement for high-level
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magma reservoirs to store and evolve large volumes of magmas. Are the 200 to 800 m high cir-
cular surface features on the oceanic plateaus central volcanoes, which overlie former magmatic
reservoirs? (see Fig. 4 in Edgar et al., 1973).

The hypothesis that Caribbean plateau basalts are either far-travelled flows or large sills requires
high mass ﬂow rates and thus shallow crustal reservoirs. Are these Galapagos-type or Iceland-
type reservéirs that develop caldera collapse upén eruption? Klaver (1987) has proposed high-

level magma reservoirs for the C1_1racao and Aruba lava fo_rmau'ons.

The lack of evidence for axial features or bilateral symmetry in structure or magnetics of the
Caribbean plate may be related to diffuse rift zones and frequent rift-jumping, as characteristic of
the Iceland oceanic plateau.

Are the abundant hyaloclastites an indication of far-travelled flows and high mass eruption rate?

Analogy with far-travelled subglacially erupted Icelandic flows supports this concept.

Proposed Drilling: Many unsolved problems regarding the origin of oceanic plateaus and evolution of

the Caribbean plate can be addressed with sampling and information gained from drilling at the follow-

ing sites (Fig. VI-1).

1.

Four shallow, single-bit holes with 200-m peneu'ation into the plateau basaltic crust. These holes
would address the problein of spatial age relations and geochemical variations within the plateau.
It is estimated that these four sites would require one drilling leg. Proposed sites are: )
northeast Venezuelan Basin hole, in about 1 km of sediment (16.6°N; 65.5°W); b) southwest
Colombian Basin hole, through about 0.5 km sediment, near the area of Bowland and
Rosencrantz’s (1988) paired reflectors (13°N; 78.5°W); c) south of Puerto Rico, in about 500 m
sediment (16.3°N; 67°W); d) south of the Dominican Republic, to study volcanic edifices in cen-

tral part of plateau, which may represent last stages of Caribbean plateau volcanism (16.3°N;

69.1°W).
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2. Single deep hole through the plateau top, either on the Beata Ridge or in the eastern part of
Venezuelan Basin (16°N; 65.7°W), for recovery of a detailed record of variation in geochemistry
of Caribbean plateau volcanism with time (Fig. IV-1). We anticipate drilling through about 1 km
sediment and about 0.8 to 2 km of basaltic crust. This single deep hole would require one dril-
ling leg.

3. Single hole .in region of hoxmal crustal thickness'in the southeastern Venezuela Basin, through 1
km of sediment and penetrating about 200 m into oceanic crust (Fig. IV-1; 14.7°N; 66.2°W).
This hole would reveal the age and petrology of the unknown basement which could represent
either normal oceanic crust created during the opening between North and South America, or at a
spreading center in the Pacific. This hole would be valuable for investigating the paleoceano-
graphic/ sedimentological response to the plateau-forming volcanic event. This single hole would

require half a drilling leg.

Sediment Subduction in the Lesser Antilles Magmatic Arc

Introduction: Geochemical features of volcanic arc magmas indicate that a sédiment—derived com-
ponent or slab-derived fluids exist in petrogenesis of magmas in the subduction zone setting. An
important implication of this observation is that majoi' geochemical heterogeneities may arise in the
Earth’s mantle because of sediment subduction and .that this process must be included in whole-earth
geochemical models. The process of sediment subduction, the nature of the fluids, and their effects on
the magma-producing asthenospheric mantle wedge are now areas of intense research, but very little

direct observational data exist, and most of what exists is from the Lesser Antilles arc.

The process of subduction is associated with the release of fluids from sediments and altered oce-
anic crust, ranging from dewatering of sediments in the accretionary wedge to dehydration reactions in
the subduction zone at high pressures and temperatures. Direct evidence of the former process comes
from DSDP Site 541 in the Barbados Ridge accretionary complex, about 300 km east of the Lesser

Antilles volcanic arc (Biju-Duval, Moore et al., 1984). The 450 m deep hole showed unusually high
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fluid pressures and high temperatures, indicative of geothermal gradient of 10°C/100 m. Heat transfer
is most likely by upward movement of warm water, and fluid chemistry is affected by reaction with
volcanic ash deposits interbedded in the hemipelagic sedimentary pile. A further study of the genera-
tion and discharge of fluids from the Lesser Antilles accretionary wedge is a major target of proposed

ODP drilling.

The fate of .ﬂuids deeperA in the subduction zone'Ais unknown, but most models of generation of
volcanic arc magmas require the involyement of slab-derived fluids during melting of the asthenosphere
wedge. Such fluids, released during dehydration reactions of minerals in subducted sediments and oce-
anic crust at depths of 100 to 150 km, are believed to be enriched in incompatible elements and
radiogenic isotopes. The upward movement of such fluids by hydrofracturing or infiltration could lead
to metasomatism of the overlying mantle wedge and partial melting. The resulting magmas would thus

exhibit the distinctive isotopic and trace element signatures of volcanic arcs.

Geochemical studies of Recent Lesser Antilles arc magmas show that radiogenic isotope charac-
teristics require the involvement of substantial quantities of sediment in the source region of these mag-
mas (White et al., 1985; White and Dupre, 1986). The isotopic evidence of sediment subduction in the
Lesser Antilles is particularly strong, because of the cratonic provenance of much of the sediments
being deposited in front of the southem partlof the arc today (Figs. VI-6 and VI-7). Further study of
sediment subduction and its role in magma evolution requires drilling adjacent to the arc. In order to
study geochemistry of older arc magmatic products and volcanic history of the arc, we propose drilling
in the forearc region just east of the arc edifice (Fig. IV-1), where a well-developed sequence of tephra
layers and other volcaniclastic deposits should be recovered, judging from known distribution of
Quatemnary volcaniclastics around the arc (Sigurdsson et al., 1980). Drilling at these sites will serve
both the objectives of study of the structural development of the forearc, the volcanic history of the

arc, and for geochemical studies of the role of sediment subduction in arc magma petrogenesis.
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Structure: The Lesser Antilles is one of the best studied volcanic arcs on Earth (e.g. Brown et al.,
1977; Sigurdsson et al., 1986; Bouysse, 1988). This arc shows remarkable petrological and geochemi-
cal diversity (Brown et al., 1977). The geochemistry of the craton-derived sediment being subducted
results in the sedimentary signature being comparatively easily identified in the arc lavas. The nature
and geochemistry of theA sedimen; potentially being subducted have been much more thoroughly studied
here than in othei' al;cs (White et al., 1985). As a result, drilling is likely to yield more scientific infor-
mation here than in other arcs. The rate of subduction is probably low, and there is an abundant sup-
ply of terrigenous sediment. The oceaﬁic crust which is being subducted under the arc is pre-84 Ma,
judging from magnetic anomalies.

The crust beneath the arc is about 30 km thick, composed of an upper crustal layer of 6.2 and a
lower layer of 6.9 km/sec. The upper layer is the product of arc magmatism, whereas the lower layer
may be original oceanic crust on which the arc was built, with additions of plutons during arc evolu-
tion.

The forearc region of the Lesser Antilles is a complex structure, which ranges from 150 km
width in the north to 450 km in the south. In the north is the southeastern continuation of the Puerto
Rico trench, over 8 km in depth, which shallows southwards and disappears under the well-developed
Barbados accretionary prism, as first shown By Chase and Bunce (1969). The accretionary prism has a

thickness of over 20 km (Westbrook, 1975) where it culminates under Barbados.

Because of the high influx of sediment, the seaward boundary of the forearc is not marked by the
typical oceanic trench, but rather by a deformation front, characterized by thrusting and folding. The
structural boundary is characterized by a sediment wedge, which overlies acoustic layered sequence
and in turn oceanic crust. The sediment wedge is derived from offscraping of the subducting oceanic
plate. This abyssal sediment on top of the Atlantic crust ranges in thickness from over 6 km in the
south to 700 m in the north, and ranges from Late Cretaceous to Recent. The accretionary prism has

formed mainly by accretion and imbricate-thrust development of the prism. The drilling results show
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that the upper quarter to third of sediment on the incoming oceanic plate are offscraped at the deforma-
tion front, and that the underlying sediment being underthrust at least tens of kilometers below the
prism. The prism complex is separated from the active arc by the Tobago Trough, a major forearc
basin which containé more than 10 km of sediment fill. The sediment basin is underlain by a segment

of oceanic crust, about 100 km- wide.

Isotope evidencé of sedimenf subduction: The isobpic character of Quaternary volcanics in the
Lesser Antilles arc has been studied extensively (White et al., 1985; White and Dupre, 1986; Davidson,
1983). A large range in Pb isotopic ratios is observed; 2%°Pb/2Pb ranges from 18.85 to 19.9; higher
than in any other oceanic arc studied to date (Fig. VI-6). The Sr and Nd isotope ratios in Lesser
Antilles arc magmas are similar to those of oceanic island basalts, but with little or no overlap with the

MORSB field.

Assessment of the role of sediment subduction in the geochemistry of arc magmas requires a
knowledge of the characteristics of the sediment involved. The forearc region of the Lesser Antilles
and the adjacent Atlantic ocean floor receive sediment from a number of sources. - In the south the sed-
iment is dominantly terrigenous, whereas the origin of sediment in the north is largely hemipelagic.
Four components of sediment can be recognized: 1) volcanic ash from the arc; 2) biogenic component
with Sr and Nd isotopic composition equal fo that of sea water (¥St/*Sr 0.70916). 3) pelagic clays;

4) terrigenous material.

A major source of the terrigenous sediments is influx of continent-derived material from the Pre-
cambrian Guiana Shield, largely brought to the basin by the Orinoco River. Because of its great age,
the cratonal sediment would therefore be expected to show an unusually radiogenic Pb character, com-

pared to other marine sediments.

White et al. (1986) have studied the isotopic and trace element character of these sediments by
analysis of surface sediments from piston cores and evaluated their role in the geochemical evolution

of Lesser Antilles arc magmas (Fig. VI-7). They found that the Pb is remarkably radiogenic, with
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206pp/204ph > 18.8 for all samples and as high as 19.8 (Fig. VI-7). Si/Nd isotopic composition are less
unusual, and fall within the range of other sediments from the ocean basins. Sr and Pb isotope ratios
increase and Nd ratios decrease towards the South American continent, indicating that the radiogenic
Pb is most likely in the terrigenous component. The radiogenic Sr and Pb and the unradiogenic Nd of
the sediments suggest an old continental source. Gneisses of the Guiana Shield include some as old as
3.5 Ga or older, and are drained by the Orinoco Ri{fer. The Shield has 2%Pb/2™Pb = 16.92, and

208pp,204py, = 42 31,

There is strong similarity in Pb isotope character of sediments and the arc magmas. Both are
more radiogenic than arc volcanics and sediments in other regions. This is unlikely to be coincidental,
and is probably good evidence of sediment subduction and incorporation in arc magmas. The amount
of sediment required to account for the Pb in the arc magmas ranges from 0.5 to 3.5%, averaging
around 1%. Extremely radiogenic Pb and Sr in lavas from Martinique and St. Lucia probably experi-
ences high-level contamination. There is an irregular stepwise northward decrease in Pb and Sr isotope

ratios in the arc volcanics, which matches the northward change in the sediment isotope character.

Drilling Objectives: The question of sediment subduction is intimately related to questions of evolu-
tion of continents and chemical evolution of the mantle. The role of sediment subduction in island arc
magmatism can be addressed by drilling near the Lesser Antilles arc (Fig. IV-1). Specific questions
are:

1. Is sediment subduction a necessary condition for magma genesis?

2. What is the relationship between island arc volcanism, sediment subduction, and the topography

of the subducting plate?
3. Is there a petrologic evolution, or succession of island arc volcanic compositions, and does this

relate to topography of the subducting plate and any changes in sedimentation? -

4. How do changes in the geochemistry of subducting sediment affect the geochemistry of the arc

magmas?
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A final goal is assessment of sedimentary sequences in the arc. Extending the arc history would

allow a more complete picture of the role of sediment subduction to be developed.

Specific Drilling Targets: Drilling in the forearc basins, 50 to 100 km east of the active arc (Fig.
IV-8), will sample a continuous recoxfd of arc volcanism as tephra layers and other volcaniclastic sedi-
ments from the arc, interbedded with pelagic sediments. Studies of tephra dispersal from the arc dur-
ing the Quatemat;y show that iinportant eruptions depésit substantial tephra fall layers at this distance,
which form suitable volcanic material for petrologic and geochemical studies. Drilling in these basins
is proposed separately for the study of forearc evolution, and the same sites will thus serve the objec-
tives of both forearc study and a geochemical study of the volcanic arc products. It will be necessary
to drill at least three forearc sites along the arc in order to obtain an overall view of the process, and to

detect geochemical/petrologic gradients in magma types along the arc.
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VII. INDIVIDUAL INVESTIGATOR PROPOSALS FOR OCEAN DRILLING SITES AND
OTHER STUDIES IN THE CARIBBEAN REGION

Introduction

This section contains proposals by individual workshop participants for ocean drilling at particu-
lar sites in the Caribbean regioh; together with recommendations for further seismic reflection and field
surveys before ODP drilling commences. Table VII-1 lists the proposals by author and number. Table

VII-2 codes prbposed sites relative to a site map, Figure VII-1.

These proposals for drilling sites were generated before the workshop with the goal of providing
an explicit platform for panel deliberations. They are included here to expand on specific problems of
regional and thematic scope and to provide future ODP proposers with specific background material

and the views of informed scientists.
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Table VII-1
Individual Drilling Site and Other Study Proposals

Proposers ' Proposal Number
Bouysse, Westercamp and Andreieff 1
Buffler, Austin, Rosencrantz, Mann, Sclater and Salvador 2
Buffler, Austin, Mann, Rosencrantz, Salvador and Sawyer 2
Burkart . : ' 3
Donnelly ' 4
Draper 5
Edgar- 6
Gose 7
Hall . 8
Kellogg, Breen and Ladd 9
Larue 10
MacDonald 11
Mascle 12
Moore and Mascle 13
Nagle 14
Pindell 15
Rosencrantz, Sclater, Salvador and Mann 16
Saunders 17
Schilanger 18
Schubert 19
Smith 20
Speed 21
Waggoner 22
‘White 23
Klitgord 24
Jackson and Hendry 25
Mauffret 27
Meschede and Frisch 28
Perfit 29
Guque-Caro 30
Barker and Payne 31
Behrmann 32
Salvador and Rosencrantz 33
Droxler 34
Keller 35
Tectonics Panel 36
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Table VII-2

Individual Drilling Sites Coded for Position on Figure IX-1

Proposed site no.

1-1, 12, 1-3, 14

2-7, 2-TF, 2-SE-1A, 2-SE-2A, 2-SE-2B
31 - |

4-a, 4-20, 4-21, 4-b

5-1, 52,53

6-1, 6-2, 6-3, 6-4A, 64B

7-1

8-A, 8-B

9-1, 92

10

11-1, 11-2a, 11-2b, 11-2c, 11-3
12-1-1, 12-2-1, 12-2-2, 12-3-1, 12-3-2

13-NBR1, 13-NBR2, 13-NBR3, 13-NBR4

14-1, 14-2

- 15-1, 15-2

16-A, 16-B, 16-C, 16-D, 16-E, 16-F
17-1-1, 17-1-2, 17-3-1, 17-5-1
18-1

19-1

20-1, 20-2, 20-3, 20-4, 20-5
21-1, 21-2, 21-3, 21-4, 21-5
22-ESP3, 22-146/149, 22-ESP1
23-1, 23-2 '
24-1, 24-2, 24-3, 24-4, 24-5, 24-6, 24-7
25-1, 25-2

26-1

27-1, 27-2, 27-3

28-1, 28-2

29

30-1

31-1

32-1, 32-2, 32-3

34-1

35-1, 35-2, 35-3, 25-4

36-1
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(First)
Author

Bouysse
Buffler
Burkart
Donnelly
Draper
Edgar
Gose

Hall
Kellogg
Larue
MacDonald
Mascle
Moore
Nagle
Pindell
Rosencrantz
Saunders
Schlanger
Schubert
Smith
Speed
Waggoner
White
Klitgord
Jackson

Peterson

Mauffret
Meschede
Perfit
Duque-Caro
Barker
Behrmann
Droxler
Keller

Tectonics Panel
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1-{ DRILLING IN ST LUCIA PASSAGE (LESSER ANTILLES)

Philippe BOUYSSE and Denis WESTERCAMP

Location : Between Martinique and St Lucia : minimum water depth :
800 -~ 1000 m.

Purpose : Study of the evolution of an island arc : Mesozoic substratum,
back-arc basin spreading. major volcanic gaps, interaction of

subducted ridges.

Comments :

.. This site is located on the southern half of the Lesser Antilles Ridge,
just when the Outer (Older : early Eocene to mid-Oligocene) and Inner
(Recent : early Miocene to Present) volcanic arcs coalesce s also in an area
where, up to now, no Mesozoic arc volcanic rocks crop out, in contrast to
the northern half of the Lesser Antilles (north of Dominica). The proposed
site is situated in an inter-island channel which seems to have been rela-
tively little volcanically productive during the cycle of the Recent arc., It
is also close to the aldest outcrops of Martinique (upper Oligocene) and of
St Lucia (upper lower Miocene).

The main objectives are :

1 - Reach, if possible, the Mesozoic (to lower Paleocene ?) arc
basement the occurrence of which would definitely demonstrate the formation
of the Grenada Basin by back-arc spreading, sundering of the Eastern
Caribbean proto-arc into a remnant arc (Aves Swell) and an active island arc
(Lesser Antilles), according to the classical scheme of Karig. In the
Eastern Caribbean, this back-arc opening seems to have occurred only once
(during an interval of some 120 Ma of arc activity), which is quite unusual
for an island arc.

2 - Check the age and the duration of this opening, which is
thought to have occurred during the Paleocene, and to have lasted some
8 m.y. This contention is supported by the hypothesis that suggest non-
concurrence of arc volcanism and intra-arc oceanic crust accretion. There-
fore, it is worth to ohtain age constraints for the latest volcanism of the
Mesozoic proto-arc, and the earliest volcanism of the subsequent arc cycle

(0lder arc).

3 - Obtain a better understanding of the evolution of the Older
arc which is only very incompletely known in the north and in the south of
the Lesser Antilles.

4 - Constrain the second major volcanic gap in the Cenozoic
history of the Lesser Antilles, which occurred between the Older arc and the
Recent arc. This gap whose duration may have been of some 8 m.y., is thought
to have been induced by the interaction of a buoyant Atlantic oceanic ridge
with the Eastern Caribbean subduction. ‘

5 - Prove the interaction of a subdv-ted non-buovant ridge with an
arc volcanic front. We suppose that the subduction of this kind of ridge
generates, amongst other effects, a centrifugal migration of the eruptive
centers on either side of the arc segment located above the ridge. Site n® 1
is located above the inferred extension of the St Lucia Ridge, presently
_ detected by G. Westbrook, in front of the Barbados accretionary prism., If
this reasoning is proven to be true, the youngest volcanic fc -ations, on
this site, should nnt be older than late Mincene,
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1-2L DRILLING ON AVES SWELL

Philippe BOUYSSE

Location : Aves Swell ; water depth between 1400 and 300 m.
Purpose : Study of the subsidence of a remnant arc. |

Comments :
The Aves Swell is now widely considered as an inactive island are. It
is completely submerged, except at the minute Aves islet. Aves Swell was
active during the Cretaceous and it is assumed that the definitive cessation
of its volcanic activity happened by the onset of the Cenozoic, in relation
with the opening of the Grenada Basin (cf. site n® 1).

Therefore, a borehole (or a series of boreholes) on the axis of this
ridge (taken as a representative example of remnant arc), might calibrate
its subsidence curve. »

We favor the Pelicano seamount site, culminating at -315 m. Previous
dredge hauls give the (incomplete) succession (cf. Bouysse et al., Documents
du B.R.G.M., n®* 92, 1985) :

- pelagic limestones : Pleistocene.
pelagic deposition : upper Miocene to lower Pliocene.

- neritic deposits Oligocene to lower Miocene.
- neritic limestones : middle Eocene.

A "by-product"” of this site may be the assessment of the latest vol-
canic activity (before the opening of Grenada Basin) of Aves Swell, by
drilling down to the magmatic basement (ef. site n® 2).

It will be useful, also. to check the validity of the heat-flow profile
made by Clark et al. (1978) which shows anomalously high values, contradic-
tory with a remnant arc inactive since some 60 m.y.

1.-3 DRILLING OFF EASTERN DOMINICA (LESSER ANTILLES)
Denis WESTERCAMP

Location : East of Dominica, water depth between 1000 and 2500 m.

Purpose : Fore-arc volcanism, related to early dehydration of sediments on
the subducted slab.

Comments :

The dehydration of the upper part of the subducting slab (sediments and
crust) is the argument the most commonly used to explain the orogenic magma
genesis, by partial fusion of the asthenospheric wedge.

But it has tn be kept in mind that this dehydratation occurs for
pressures < 30 kb, i.~, that it is completed hefore the slab reaches Llle

80 km depth. 122



In the Lesser Antilles arc, the volcamic front is located, as for other
jsland arcs, above a mucher deeper Beuioff stab. In  the Lesser Antilles,
according to Wadge and Shepherd data (1984), this depth ranges from 120 to
180 km (160 to 180 km beneath Dominica).

Therefore, two explanations are possible :

1) the hydrated mantle is dragged by convectlon before to undergo
fusion at the proper depth ;

2) the dehydration does not play a significant role in the normal arc
magmatic production, which, then, is triggered by the fusion of
the sediments.

Considering the second alternative, we suggest that if the dehydration
is important, it should generate fore-arc magmas of boninite type.

4 In order to test this somewhat speculative hypothesis following condi-
tions are required :

- location above the part of the slab 40-80 km deep ;
- location in an area of high recent magmatic production. -

These conditions are realized off, and to the east of southern
Dominica, known for a very high rate of magmatic production (cf. the Roseau
ignimbritic event, producing some 60 km® of tephra, ca. 30000 years' B. P.).
This area should be first surveyed with seismic reflection in order to
detect concealed intrusive structures.

-« DRILLING IN THE GRENADA BASIN

Patrick ANDREIEFF

Location : Aloi Flat, northern Grenada Basin ; water depth : ca. 1200 m.
Purpose : Miocene/Pliocene boundary in the Caribbean.

Comments @

.All the previous drilling sites in the Caribbean (legs 4, 15, 784, 110)
failed to obtain a continuous section, with undissolved calcareous micro-
fossils around the Miocene/Pliocene boundary. Onshore, this boundary is
generally marked by a sharp contrast in the deposition conditions due to a
shallowing of the water depth, and the chronological hiatus is of at least

1 m.y.

Therefore, there is a need of obtaining a continuous oceanic section
under less than 3000 m of water depth, in order to characterize the Miocene/
Pliocene boundary, in the Caribbean, in terms of planktonic  biostratigraphy
(foraminifers and nannofossils) with the help of magnetostratigraphy, and
oxygen and carbon isotopes calibration.

The Aloi flat, some 100 km south of Saba Bank, appears to be a suitable
area, with a very smooth morphology, protected from slumping or pyroclastic
flows coming from the Aves Swell and Lesser Antilles Ridge.
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2 Tectonic Significance and Objectives for Drillholes in the
Straits of Florida and Yucatan Basin

R.T. Buffler, Jr., J.A. Austin, Jr., E. Rosencrantz, P. Mann, J.G. Sclater, A. Salvador
University of Texas Institute for Geophysics
8701 North Mopac Blvd., Austin, TX 78759

TECTONIC SIGNIFICANCE

We propose drilling sites in the area of the SE Gulf of Mexico and the Yucatan
Basin. These sites are proposed to better understand the tectonic processes of synchronous
extension (formation of Yucatan Basin) and compression (formation of Cuban foreland
basin) in the Caribbean "plate buffer zone". '

Perhaps the most complex geology and tectonic processes are found in "plate buffer
zones" or areas (often oceanic) which are found between two larger plates. Examples
include the Caribbean, Scotia Sea, Southwestern Pacific, and the Mediterranean. Because
buffer zones have probably been important sites of complex tectonics through geologic
time, investigation of tectonic processes in these zones and their plate tectonic controls is
critical.

Priority questions for research in these areas include:

1. How well do theoretical models based on observations from the large ocean
basins describe subsidence in small basins found in "plate buffer zones" like the Caribbean
and the Mediterranean?

2. What are the driving forces for the tectonic processes of "plate buffer zones"?
Does the movement of larger plates control ocean opening and closure within buffer zones,
or are these processes controlled locally by mantle convection related to subduction, slab
pull, slab dip changes, etc.?

Recent Progress in the Mediterranean - Significant progress towards answering the
above questons is being made in the Mediterranean. Work there by Malinverno and Ryan
(1986), Channell (1986) and Horvath and others (1981) has addressed problems of
extension and compression and tectonic driving forces in small, mostly Neogene,
extensional basins like the Tyrrhenian Sea, the Pannonian Basin and the Aegean Sea.

Each of these areas consists of a "back-arc" or internal basin situtated on the
concave side of a thrust belt with high curvature (an "orocline”). In each deformed arc the
internal zones are thrust onto the external zones, an event that is usually interpreted as the
result of a continent-continent or arc-continent collision. Drilling in internal basins of the
Pannonian (Royden and others, 1983) and Tyrrhenian areas (ODP Leg 107, 1987) has
shown that these basins were depocenters for marine deposits at times coincident with
nappe emplacement in the peripheral orogenic belts. A significant amount of crustal
shortening can be inferred from the stratigraphic and structural record of the thrust belts
while a significant thinning can be inferred from the subsidence history of the basin. These
amounts (where known) are shown on Table 1.

Based on these Mediterranean observations, three models have been proposed to
explain the mechanism of extension/compression and tectonic driving mechanism:

1) Arc migration model - In Italy, Malinverno and Ryan (1986) have suggested that
outward trench migration of the external zone results from the sinking of the underthrusting
plate into the asthenosphere which produces back-arc extension. Localization of basin
areas results from "pinning” of the arc by promontories with continued subduction,
oroclinal bending, and back-arc extension.

2) Slab movement - In the Pannonian Basin, Royden and others (1982) suggested
that lithospheric thinning that initiated Pannonian extension, was due to asthenospheric
flow induced by a steepening of the dip of the subducted slab as a result of the cessation of
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subducdon. In a later paper Royden and others (1983) abandoned this model and adopted
the arc migration model. ‘

3) Delamination of mantle lithosphere - Channell (1986) has favored this process

which is thought to occur if the lithosphere has been thickened rapidly during compression.
Once delamination is achieved, the region transforms rapidly from one of compression to
extension. _
4) Gravitational instability - Horvath and others (1981) have proposed that the arc-
foredeep boundary of the external zone is gravitationally unstable and back-arc basin
formation may be considered as a gravity runaway of particular segment of the orogenic
belt. Malinverno and Ryan (1986) have noted that it does not seem convincing that gravity
alone can lead to the formation of an internal basin where seafloor is deeper and whose
crust is thinner than that of the foreland. '

In all four models, local subduction zone and mantle effects are suggested as the
primary control on the observed extension-compression phenomenon. These local tectonic -
controls are consistent with the formation of tghtly curved orogenic belts which
are difficult to explain through the motion of the larger plates bordering the buffer zone.
The main differences between the models involve relative timing of compression and
extension. Models 1 and 2 predict backarc extension accompanying arc migration prior to
terminal collision. Model 3 predicts backarc and episutural extension following terminal
collision. Model 4 predicts backarc and episutural extension prior to and following
terminal collision.

BACKGROUND INFORMATION FOR DRILLING IN THE YUCATAN
BASIN/STRAITS OF FLORIDA

The northern Caribbean provides an easily accessible and well understood area to
further explore problems of subsidence and plate driving forces in a plate buffer zone.
Two general advantages offered by the northern Caribbean area include:

1. The area of the Yucatan Basin, western and central Cuba, and the Bahamas has
been situated on the stable North American plate since the medial Eocene and therefore, is
not overprinted with complex, post-Eocene suike-slip tectonics. ~

2. The Yucatan Basin and Straits of Florida have been the site of recent work
(much of it here at UTIG) on seismic stratigraphy, heat flow, depth to basement,
correlation to onshore Cuban stratigraphy, and subsidence modeling. These studies
provide an observational and theoretical basin for drilling.

Tectonic Serting - A recent tectonic synthesis by Pindell and others (in press)
suggest that the Yucatan Basin formed as a backarc basin through northeastward migration
of a Paleocene - early Eocene Cuban arc and subduction zone. Collision and
obduction of the Cuban arc onto the Bahamas Platform in the early-medial Eocene resulted
in the formation of a Cuban foreland or "foredeep basin". This collisional event welded the
Yucatan Basin and Cuban arc onto the stable North American plate, and post-medial
Eocene interplate movement shifted southwards to the Cayman Trough strike-slip system.

Character of the Straits of Florida - Angstadt and others (1985) used MCS profiling
and drilling results from ODP Leg 77 to Late Cretaceous to Holocene geologic history of
the Straits of Florida. This work provided preliminary correlation between offshore units
and exposed Jurassic - Eocene sediments on Cuba (Schlager, and others, 1983). An
important conclusion of both studies is the ic»atification of the "Cuban foredeep” as a
foreland collisional basin developed during the Paleocene-Eocene collision of the Cuban
island arc with the Bahamas Platform (Fig. | ). The Cuban foredeep contains over 3 km of
gravity flow deposits that accumulated in an elongate corridor along the base of the modern
Cuban slope. Drilling at Site 540 provided a long-range age correlation for the seismic
sequences identified by Angstadt and others (1985). The ages and interpreted seismic
facies correspond well to sediments exposed in the uplifted Cuban orogenic belt (Schlager
and others, 1983).
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Character of the Yucatan Basin - Rosencrantz, and others (in press) describe the
Yucatan Basin as follows: ' ‘

"The Yucatan Basin, in its present form, is at least Medial Eocene in age, as
indicated by sediment fill and faulting of basement (Fig. 2). Crust underlying the basin to
the south along the western edge of the Cayman Ridge includes granodiorites which show
Late Cretaceous K-Ar cooling ages. The Yucatan Margin Complex, along the western side
of the basin, includes rocks which range in age from Cretaceous to Paleozoic, and which
show lithological affinities with rocks now found in the overthrust belts of Cuba. Seismic
profiles show that the central part of the basin is underlain by a NNE-SSW wending
rectangular, flat-floored deep 330 km long by 120-180 km wide. Seismic reflection,
seismic refraction and gravity information all indicate that this deep is underlain by oceanic
crust. The subsidence age of this crust, as determined by the relation between depth and
age for small enclosed basins of finite age (3D model) developed by Boerner and Sclater
(1987) lies between 50 and 60 Ma. Its heat flow age, as determined by the Boerner and
Sclater model, lies between 42 and 53 Ma. The agreement of these ages, and their overlap,
indicate clearly that the deep is Paleogene in age, probably early middle Eocene”.

Character of the Cuban Orogenic Belt - The Cuban orogenic belt consists of medial
Cretaceous to Paleocene island arc and ophiolite sequence that overthrust a medial Jurassic
to Paleocene passive margin sequence in late-Paleocene - early Eocene time (Pardo, 1975;
Pardo and others, in prep.). Paleogene thrusting in Cuba is, therefore, largely coeval with
early to medial Eocene extension in the Yucatan Basin and Paleogene subsidence in the
Cuban foredeep. High quality geologic maps of the Cuban thrust belt were produced in the
1950's by oil company geologists and are currently being reinterpreted in a plate tectonic
framework here at UTIG (Pardo and others in prep.) (Fig.3).

PROPOSED DRILLING SITES AND OBJECTIVES

We propose to drill the foredeep and back-arc basin of the Cuban orogenic belt in
order to explore the linked, tectonic interactions between extension and compression in a
plate buffer zone similar to those currently under study in the Mediterranean.

In the Straits of Florida, the general area of the drill site will be situated about 40
- km from the NW coast of Cuba and 50 km SE of DSDP Site 540 (Fig. /). This site wiil
sample sedimentary units related to the major tectonic and depositional events of the area:

1) The pre-"Mid-Cretaceous Unconformity” or "MCU" section of mostly Jurassic

to early Cenomanian carbonates that accumulated in a passive margin setting,

2) The "MCU" itself, which records a time of late Cretaceous sea level fluctuation

and stress on nearby carbonate platforms,

3) A lare Paleocene to medial Eocene section of mainly terrigenous clastic rocks

that accumulated in the collision-related Cuban foredeep, and

4) A medial Eocene to Holocene, mixed clastic-carbonate section that records the

establishment of major currents through the Straits of Florida.

Straits of Florida Drilling Objectives
Objectives include:
1) Verification of proposed ages, seismic sequences and facies types in the Cuban
foredeep.
2) Improved stratigraphic correlation of sediments of the Cuban foredeep to
exposed rocks of Cuban orogenic belt.
3) Subsidence history of a foreland-type basin on thinned continental crust and
correspondence to known thrust history of Cuba; relation of foredeep subsidence to
thrusting in Cuba.
4) Vanation in hydrographic regime during closure of the Cuba - Bahamas
Passage. Particular emphasis will be placed on identifying the age and character of
the numerous erosional unconfirmities in the post-Eocene section and comparing
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these to the development of paleo-circulation through the Straits of Florida.
5) Obtain near continuous Cretaceous-Cenozoic sedimentary sequence to serve as a
type section for thrusted sediments in Cuba. :

In the Yucatan Basin, two general areas of drilling are proposed in the deeper,
western sub-basin (Fig. 2). The more southern site (Site 7 on Fig. 2) is located near a
basement high in the area of oceanic crust The site to the north (Site 7F) is located on the
northern edge of the oceanic crust. Both sites have been described in detail by Rosencrantz
(1984). Site 7 is intended to establish the age of oceanic basement of the deeper area of the
western Yucatan Basin. Site 7 is intended to establish the age and history of rifting near the
boundary between oceanic and the stretched continental/arc lithosphere of Cuba.

Yucatan Basin Objectives
- - Objectives at both sites include: -

1) Verification of proposed age of the Yucatan Basin, ocean floor and its rift
margins ' T
2) Check on accuracy of depth to basement and heat flow predictions in a back-arc
setting (Rosencrantz and others, 1987), .
3) Correlation of Yucatan Basin subsidence to collision-related uplift of Cuba and
subsidence of Cuban foredeep, and
4) Variation in hydrographic regime during opening of the Yucatan Basin.
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2 Jurassic History and ODP Drilling
Objectives, Southeast Gulf of Mexico

by
R. Buffler, J. Austin, P. Mann, E. Rosencrantz, A. Salvador, D. Sawyer

University of Texas at Austin
Institute for Geophysics
8701 MoPac Blvd.
Austin, TX 78759

INTRODUCTION

We propose a set of ODP sites in the deep southeastern Gulf of Mexico to sample a
thick Jurassic section inferred by seismic data to lie beneath the deep water Lower
Cretaceous rocks drilled during DSDP Leg 77. When integrated with regional seismic
studies and correlated to equivalent age rocks on Cuba, it will provide key data for
documenting the early paleogeographic and tectonic evolution of the Gulf/Caribbean region
during the initial breakup of Pangea when South America/Yucatan moved southward away
from North America.

SETTING

The study area is located in the deep part of the southeastern Gulf of Mexico
between Yucatan and South Florida and just north of western Cuba (Fig. 1). Tectonically,
the area comprises a relatively narrow band of rifted and subsided continental crust (thin
transitional crust - Fig. 1A) formed along the southern margin of North America during the
early evolution of the Gulf/Caribbean region. It is a key area for better understanding the
reconstructions and paleogeography of Pangea during its initial breakup when South
America/Africa began moving away from North America (Figs. 2A & 3A).

The southeastern Guilf also is critical for helping to distinguish between the two
major groups of models of the early evolution of the Gulf of Mexico and proto-Caribbean.
In one group, opening of the Gulf is achieved by treating Yucatan as a block independent
of the opening of the North Atlantic, moving it out of the northern Guif by either a counter-
clockwise rotation, a clockwise rotation, or by translation to the south without rotation
(White, 1980; Hall et al 1982; Pindell and Dewey, 1982; Shepherd, 1983; Buffler and
Sawyer, 1985; Pindell, 1985; Salvador, 1987). These models imply various
amounts and directions of displacement along major transforms between Yucatan and
North America (southern Florida). For example, the model by Pindell (1985) invokes a
counter-clockwise rotation of Yucatan, a complex triple-junction associated with two
spreading centers in the Gulf, a southeast movement of an independent Florida Straits
block along Atlantic fracture zones, and a zone of transpression in the study area,

A second group of models attaches Yucatan to the South America/Africa plate, with
the opening of the Gulf intimately related to a contemporaneous phase of sea-floor
spreading in the central North Atlantic (van der Voo et al, 1976; Pilger, 1978; Buffler et al,
1980; Klitgord et al, 1984; Klitgord and Schouten, 1986), In this scenario, the
Gulf and proto-Caribbean open along flow lines parallel to those in the central North
Atlantic; spreading centers in the two-oceans are linked by a broad transform boundary
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This model further implies major displacement between Yucatan/South America
and North America across the study area '

Seismic stratigraphic studies in the deep southeastern Gulf suggest the presence of a
thick pre-middle Cretaceous sedimentary section overlying transitional crust (Schlager et al,
1984). This section apparently represents a long and complex early Mesozoic history
involving the transiton from a nonmarine setting to a deep marine setting during rifting and
subsidence. DSDP Leg 77 sampled only a part of this history, including: 1) tilted fault
blocks of early Paleozoic metamorphic basement injected with Early Jurassic mafic dikes,
an example of transitional crust (Sites 537 and 538); 2) an almost complete deep water
Early Cretaceous section (Sites 535 and 540); 3) the prominent mid-Cretaceous
unconformity (MCU), here a Late Cretaceous stdarved interval with debris flows; and 4) a
pelagic Tertiary section (Buffler, Schlager et al, 1984). Location of the sites are shown on
Fig. 1C, while a schematic cross-section summarizes the geologic and tectonic setting (Fig.

2).

Lying below the Early Cretaceous rocks is a thick section of sedimentary rocks of
presumed Jurassic and older age, which have been tentatively subdivided into three major
sequences (Fig.2) (Schlager et al, 1984). The oldest sequence is contained in a tilted and
truncated rift basin of possible Late Triassic - Early Jurassic (?) age (TJ) (Figs. 2 and 3),
based on analogy with similar sequences along the U.S. east coast. This is unconformably
overlain by a widespread Middle Jurassic (?) unit (J1), that may represent a broad
carbonate platform in the southwest (Figs. 2, 3 and 4), but also could be part of nonmarine
synrift sequences to the north (Figs.’2 and 3). A third unit (J2) onlaps and fills the
. deformed J1 unit, both along a major NW-SE trending graben system (Fig.4) and in the
rift basins to the north. Itis inferred to be Late Jurassic (?) in age, based on superposition
below the Early Cretaceous rocks drilled at Sites 535 and 540 (Figs. 2.and 5). A marine
origin is inferred based on the similarity of seismic facies with the overlying Early
Cretaceous rocks (Figs. 4 and 5).

None of these Jurassic units were penetrated during Leg 77 with one possible
exception; an unfossiliferous dolomite sampled at the bottom of Hole 536 may represent the
top of Unit J1, suggesting that J1 may be a carbonate platform in this area (Figs. 2 and 3).
This interpretation is further supported by seismic data along the eastern platform margin
where a possible flexure in J1 and change of seismic facies could represent a carbonate
margin (Fig. 4). This margin is faulted, however, and forms the west flank of a large NW-
SE trending graben system through the area. Alternatively, this flexed and faulted margin
could represent 1) a downdropped block of J1, or 2) a transform boundary juxtaposing
completely different rocks, which also would explain the different seismic facies on either
side of the structure. In the latter case, the fault zone could represent be a flower-structure
such as forms along a transform fault, and thus, unit J1 would be different on either side of
the fault zone (Fig. 4). A major transform boundary could be expected in this area as
indicated by the models discussed above.

Jurassic rocks also outcrop throughout western Cuba just to the south of the study
area. They should be equivalent to the Jurassic rocks in the study area, as this entire area
probably formed the southern rifted margin of North America during the initial separation
of South and North America. ‘ . We are now learning much more about the
Mesozoic rocks of Cuba based on: 1) literature coming from eastern European geologists
working in Cuba, (e.g., Pszczolksowski, 1978) and 2) an extensive data set on Cuban
geology (rock samples, maps, etc.) provided to UTIG by Chevron (Gulf) Oil Company for
further study and compilation. These new data document an upward transition from a
nonmarine setting to a deep deep marine setting during the Jurassic, a sequence similar to
that inferred from seismic in the deep southeastern Gulf.
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The Jurassic sedimentary section in the study area also can be traced seismically to
the north across the eastern Gulf and up onto the northeastern Guif shelf, where the
Jurassic has been drilled. Jurassic sedimentary rocks, however, appear to be mainly absent
on the flanks of the study area over the eastern Yucatan basement to the west and the
Sarasota Arch area to the east (Salvador, 1987). Extensive Jurassic volcanic rocks,
however, have been encountered in the bottom of many wells in the south Florida region
(Smith, 1982; Klitgord et al, 1984). Thus, a comparison of Jurassic rocks in the
southeastern Gulf with rocks on Cuba and in the circum-Gulf region would be important
for reconstructing the early tectonic setting and paleogeography of the southern margin of
North America prior to, during, and following the breakup of Pangea.

DRILLING OBJECTIVES

- We propose a minimum of two sites to sample the Jurassic and possible older rocks
on either side of the NW-SE trending fault zone that forms the western flank of the NW-SE
graben and eastemn flank of the inferred carbonate platform (Figs. /-5 ). This is critical
for evaluating the age, depositional setting and tectonic setting of the Jurassic rocks in the
study area. The eastern site (SE-1) would be located just west of Site 535, where the
Jurassic subcrops nearer the base of an erosional channel (Fig. 5). A reentry hole
approximately 1500 m deep would penetrate all of J1 and into the top of J2, possibly
sampling the overall transition from shallow to deep marine. A western site (SE-2A)
would be located near Site 536, where there is a relatively thin Cretaceous - Tertiary
section. Here a 1500 m hole would penetrate the updip part of the J1 platform and also part
of the old TJ rift sequence (Figs. 2 and3). Alternatively, a site nearer the platform margin
(SE-2B) would penetrate the entire platform section and possibly the underlying basement
(Fig. 4) (A site further north with less Cretaceous overburden can be located to provide
approximately 1500 m penetration to basement).

KEY PROBLEMS TO BE ADDRESSED

The set of sites proposed here to sample the Jurassic and possibly older section in
the southeastern Gulf of Mexico, when integrated with the seismic studies of the area and
the new outcrop data from Cuba, will provide information to help solve many problems.
Most importantly, the Jurassic rocks hold the key for understanding the early Mesozoic
sedimentary history along the southern margin of North America, thus providing clues for
better understanding the reconstruction of Pangea and the paleogeography during its
breakup. More particularly, the rocks will document the nature and timing of the evolution
from a nonmarine setting to a deep marine setting, as the area rifted to form transitional
crust and subsided. This involves the opening of a relatively narrow but important seaway
between the early Gulf of Mexico and a proto-Caribbean Sea. This seaway has important
implications for the changing Jurassic paleoceanographic conditions in the region, as the
major plates moved apart and connections between the North Atlantic and Pacific Ocean

evolved.

Secondly, Jurassic data from the southeastern Gulf area could provide information
indirectly about the tectonic evolution of the region. Rifting, sedimentation and subsidence
in the study area probably are related to a broad transform boundary, as implied from the
various tectonic models. Thus, the data could provide clues as to the timing and opening
direction of the Gulf basin. For example, drilling Jurassic Unit J1 on either side of the NW
trending fault zone should help determine the nature of the zone (i.e., normal faulting vs.
strike-slip), which, in tumn, will help in evaluating the nature and orientation of any
transform boundary through the area. .On a broader scale, the data could provide important
insights to help model the rifting mechanisms and subsidence history of a unique end-
~member of passive margin evolution, i.e., a major transtorm boundary connécting two "
oceanic spreading centers along which major rifting and subsidence of continental crust
took place but no oceanic crust was emplaced.
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41 PROPOSAL FOR CARIBBEAN SCIENTIFIC DRILLING
Thoaas W. Donnelly
Dept. of Geological Sciences -
State Univ. of New York
Binghaaton NY

NICARASUAN RISE

One of the outstanding probleas of Caribbean tectonic history is the history of the Nicaraguan Rise. As shown
by seismic refraction surveys {Ewing et al, 1980, Edgar et al 1971), this area is underlain by a considerable
thickness of saterials with velacities not typical of oceanic crust. These thicknesses and velocities are
sunaarized below. ' '

Cruise VEMA 8 VENA 8 VENA 8 VENA 8 VENA 8 VENA 12
line 21 . 20 19 19 35 85

latitude  17.55- 17,52 16.23- 17.02  14.72- 15.02  12.75- 13.75 18.28- 17.27  1b.48- 17.40
longitude  79.08- 80.07  79.25- 79.60  78.23- 78.48  77.52- 77.47.  75.23- 74.33  74.00- 74,62

end E N S N S N S N L] E S N
water .84 1.92 1.39- 1.39 1.95- 2.22 .94~ 4,02 2.56~ 2,56 4,02- 1,83
.uncon. sed. ,59- .76 1.0- 1.0 T .49 1.4~ .3 J70- .70 W26~ .32
fst layer 2.3- 1.7 3.2- .93 1.8- 3.2 1.3- 1.4 3.5- 3.1 4= .39
vel, 3.9 4.8 4.4 {4.8) 2.8 - 319
1022" .99
3.78
2nd layer 3.3~ 2.i 4.5~ 2.6 2.3~ 2.5 S.3- 3.8 1.39-4.22
vel, 3.2 5.5 8.3 5.8 (4.4) 3.10
3rd layer 12~ 14 12- 14 15,58~ 16.42
vel. 8.2 6.7 7.0 8.4 6.73
santle vel, 7.6 . {8.1) 7.8

I regard the Nicaraguan rise as probable continental crust which is a part of the Chortis block. 1 believe
that it thinned during the Cenozoic and that this thinning represents soae of the displacesent shown by the
Cayaan Trough fracture zone, Such thinning of the Chortis block suggests that the Caysan Trough fracture zone
is sosewhat decoupled froa the Chortis block. On land we see abundant evidence of thinning of the Chortis block
in the fors of north- south and north northeast- south southwest grabens, many of which are flanked by very
young alkalic volcanic centers.

DRILLING OBJECTIVES

1) Age of thinning. This could be ascertained threugh stratigraphic inference, Beepening would be inferred by
passage upwards from shallow water sediments to pelagic facies, such as was seen on the Ninety-East Ridge. The
nature of shallow water facies would be of value for a reconstruction of the pre-thinning environaent of the :
Nicaraguan rise.

- 2) Nature of the "continental® saterials underlying the Micaraguan rise. This objective is probably not
attainable. Very likely any Chortis basesent is buried beneath a great thickness of Cretaceous and earliest
Tertiary shallow- water sedisents. The seisaic refraction surveys suggest that the thicknesses of these
saterials are too great for oceanic drilling. They say be inferred in the forms of clastic debris if coarse
sands- are encountered, but these sands would alsg probably tersinate drilling.

3) Paleooceanography of the Nicaraguan rise. The subsidence of the Nicaraguan rise would resove a barrier to
the circulation of water sasses of various depths between the Yucatan Basin and Colombian Basin. A goal of
Nicaraguan rise drilling would be to saaple carbonate-rich sections of various depths so that, by Oxygen isotope
,and faunal analysis the disappearance of provinciality sight be deduced.
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4) Igneous history, The Chortis block and Nicaraguan rise is the site of late Cenczoic alkalic volcrisa, seen
on land in Costa Rica, Nicaragua, Isla Providencia, Jamaica, Honduras, Utila, and also Hispaniola, Most of the
dates are Plio- Pleistocene, but the Jamaican material is dated as late Njocene. A goal of drilling on the
Nicaraguan rise would be to find, thorough the appearance of biotite- rich ash, the stratigraphic appearance of
this event.

A further igneous event which sight be dated by drilling here is the igniabrite of the Chortis block.
Radiosetric dates suggest two major episodes, roughly early and siddle Niocene. The Nicaraguan rise lies
downwind (for high-altitude winds) and is well placed to receive the ash from this event. Leg 67 found soae ash
lincluding possibly the Matagalpa event), but this leg was upwind and found only limited ash. The contrast
between sites 154 (Caribbean) and 158 (Pacific) shows that virtually all of the ash from explosive volcanisa
travels east, and the record is far aore cosplete in the Caribbean.

DRILLING STRATEGY

The nost productive drilling will be single- bit holes with HPC or equivalent in the upper layers (critical
for igneous stratigraphy and palecoceanography). Probably the shallowest water should be. aveided; not only is
the water too shallow for positioning of the ship, but the is a probability of encountering reefal materials
which might be difficult to drill.

I recomsmend holes in soderate to deep water on both the north and south side of the Nicaraguan Rise. The sap
shows some suggested localities, .

a: deep between Jasaica and Pedro Bankj subsidence history of deep, possible volcanic stratig}aphy of young
alkaline volcanics.

20 deep between Pedro and Rosalind Banks; subsidence history of deep. Profile of Edgar et al {1971, fig. 18) '
suggests 800 = pelagic sediment. :

211 deeper water on north sidej paleooceanography; subsidence history; above- mentioned profile also shows
about 800 a sedisent. .

b: Spur south of Isla Providencia (Colombian territorial waters?); velcanic history; possible Paleogene;
tephrachronology of Chortis igniabrites and volcanic front eruption.

210 Deeper water south of Pedro Bank; paleooceanography, subsidence history; possible Paleogene This sight
have the sost cosplete Tertiary section of any of the five sites suggested. Profile of Edgar et al (1971, #ig.
18) suggests sore than 1000 a. sediaent.

References:
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From: Grer Draper
Department of Geclagy
Flerida Irntermaticrial University
(The State Unmiversity aof Flarida at Miami)
Miami, F1 33133, U.S.A.

Site group 1: Cayman Trough

Compared tco the length of its bounding trarnsforms, the
Caymar: Trough spreadirng ceriter is the shortest speading
segnmernt irm the world. There nmust, therefore, be a great deal
of lateral heat loss which would mear that for a given age
the depth of the sea flcor must be lower ir the Cayman
Trough compared to riormal ocearn floor. Rosercrantz et al
(1986) have calculated the thecretical depth—age relatiorms
foer the Caymarn Trcugh ard used it to develeop a model for the
operiing histery of the Caymar Trough. As the Cayman Trough
is the only divergernt margin in the riertherr Caribbean. it
has great regiornal sigrnificarce as it could previde the arily
way to documert the externt arnd history of strike slip
movemerit on the Nocrthern Caribbearn plate boundary zore.

Suggested drilling and data collection: three or more sites
im the Cayman Trough (see map); gecchroenclogical, magretic,
gecchemical data. '

Benefits: Rigcrcous check of Rosericrantz et al depth-age
calculatiorn (how much lateral heat loss); insights into
tectonics of spreading at a slow speading center with
lateral heat loss; tighter controls on mcdels of spreading
histcry of the Cayman Trough ard herce orn Tertiary strike
slip movement of northern Caribbearn Flate Bourdary.

Site Group 2: Central Caribbean Crust

The intericr of the Caribbean is compcased of the
anomolously thick crust of the Veriezuela ard Colambia Rasins
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which are in turm divided by the Beata Ridge . The majcr
basemert reflectcr, B"”, was sampled or DSDF leg 15 arnd fourd
to be composed of diabase of gerierally cceanic affinities.
Later speculatior has suggested that it (a) represerts a
widespread sill or fload basalt event, (b) is an oceanric
Plateau derived from the pacific, {c) resulted wher the
Caribbeanrn passed over the Galapagos hot spot (d) is a back
arc basir. Recerit wark at Florida Interrnational Urniversity
has irndicated that the rccks of the Verezuela basin and the
: lower part of the sequerce in scuthervr Haiti are N-type
MORE, but that the Beata Ridge -and the upper Haitian
sequerice are enriched by a "hot spct” basalt comporierent (7
irndicating they are sea mourt structures). Compilations for
D-NAG have indicated the preserce of B” type magmas arcurd
the Caribbear. o

The basic tectoriic problems are: what exactly is the central
Caribbearn crust, how did it get to its presernt positiorn arnd
how deces it realte ta en~lard cccurrerces of similar B”
rocks. Available samples from DSDF are small irn riumber and
geographically restricted.

Suggested drilling and data collection: more holes irn the
Verezuelar arnd Colombia Rasirs and especially the Eeata
Ridge (see map) tcbe drilled as deep as possible (carn we
peretrate E"?); detailed magretic, gecchroniclegic and
gecchemical studies (ircluding lead ard rnecdymium isctopes)

Benefits: clearer picture of actual rature of Central
Caribbearr which can lead to improved urderstarnding of
regicns thickeried cceanic ecrust, ard their later role in
cellisioral proacesses.

8ite Group 3: Accretionary complexes associated with
amagamatic underthrusting '

Seismic studies have shown that aceretiomary structures are
found o the both the scuthern arnd rierthern bcurdaries of
the Caribbean, offshcre Colombia/Verezuela arnd eastern
Hisparmicla (Muertos Trough) respectively. Much has been
learried coricerrning sedimertary arnd tectonmic processes in
accoretiorary complexes arcs where &nderthrusting is rapid
erncugh, ard sufficiermtly long lived, to preoduce arc
magmatism, but little is kricwrn about structures such as
those which border the Caribbean, which might be ccrnsidered
intermediate betweer subducticr camplexes arnd forelarnd
thrust belts.

Suggested Drilling and data collection: holes tc be drilled
at variocus sites on the prisms (see map), but especially at
the toe to compare fluid activity with cocmparible sites on
.the BRarbados ridge.
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7 Deep sea drilling in the Caribbean

Wulf A. Gose, University of Texas at Austin

There are numerous prablems reiated to the evoiution of the Caribbean
Plate which can only be resoived through drilling or where drilling could provide
significant information; e.g. |

1. What is the age and nature of the crust below B"?

2. What is the nature of the areas in the Venezuelan Basin
éharacteﬁied by smooth versus rough acoustic basament?

3. Is the Bonnaire Block a far travelled terrane? .

4. Where is the eastern limit of the Chortis Block?

These questions, while irhporlam for the tectonic history of the Caribbean,
addrass, howaver, only specific Caribbean problems and would yield little
information of interest to the general community. In addition, the lack of
comprehensive geophysical surveys preciudes an inteiiiéént choice of specific
drill sites.

Much of our knowledge of the plate tectonic history of the Caribbean has
been derived from studies of~the Cayman Trough and it is in this area that
drilling can make important contributions to both specific Caribbean as well as
general problems.

1. A reevaluation of the sea floor magnetic anomalies associated with the

@yman spreading center impiies that the spreading rate is only about haif as
fast as previously thought. Drilling into several magnetic anomalies would firmly
establish their age, the initiation of spreading, and the spreading rates. The
same siow rate has aiso been arrived at from an analysis of paleomagnetic data
in terms of the McKenzie and Jackson model which relates paleomagnetically

observed rotations in plate boundary zones to the total displacement across the

2one. Knowledge of the spreading history makes it possible to test the
McKenzie and Jackson and similar models of strike-slip induced rotations.

2. Among spreading centers, the Cayman spreading center seems to
represent an end member in that it is characterized by a short ridge and very
long transtorm faults, as well as very slow spreading. The thermal evolution of
oceanic crust generated under these conditions will be different from “typical”
oceanic crust. In order to explain the thermal subsidencs it is necessary to take
lateral heat loss into account . Does this faster aging of the crust have any effect
on the chemistry. mineralogy, physical properties? Only by direct sampling and

by measuring the heat flow can these effects be assessed.
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Stuart A. Hall
Potential ODP Drilling Sites in the Caribbean

One of the major obstacles to understanding the tectonic evolution of the Caribbean region
is the lack of knowiedge of the age and nature of the basement underlying much of the present
Caribbean Sea. The primary objective of any further drilling in the Caribbean region,
therefore, should be to determine the age and nature of the basement in the three major
basins (Colombian, Venezuelan and -Yucatan Basins). Unfortunately in the case of the
Colombian and Venezuelan Basins, available evidence, predominantly seismic refraction and
reflection data, suggests that where there is a close to normal oceanic thickness for the
crust, the water depth (3-4 km) and sediment thickness (38-4 km) are such that penetration to
the basement by present ocean drilling capabilities appears unlikely.Locations in these basins
where "normal” oceanic crust is believed to be present are shown in figure 1. Such sites
should be considered priority sites when enhanced drilling capabilities are available. In the
meantime since thickened crust in these basins has been sampled by previcus holes, there
appears to be little benefit in drilling further holes into this buoyant material.

In the case of the Yucatan Basin, the opportunities for penetrating basement at reasonable
depths are more widespread. To date there have been no deep sea holes in the Yucatan Basin
and consequently the age of much of the lower sedimentary section as well as the nature,
depth and age of the basement are unknown. A reasonable amount of multichannel seismic
reflection data is available but in order to capitalize ‘upon its potential, it is essential that a
deep hole, preferably to basement, be drilled in the central portion of the basin. Maps of the
depth to basement, based upon these seismic data, have been prepared by the Institute for
Geophysics of the University of Texas at Austin. These indicate that basement may be
encountered at depths of 3 to 4 km( Fig._'m:—-?), . A hole drilled at this site would
provide an opportunity to determine amorg other things:

(a) the age and nature of the basement
() the depositional history of much of the basin
(c) the subsidence history of the deep basin

In addition to a hole in the Yucatan Basin, | believe the second priority should be a hole in
the Cayman Trough region. This hole should be located (ng.m:-g). in part of the
crust that is considered to have been created soon after the’ initiation ot spreading of the
mid-Cayman Rise. Information from such a hole together with available geologic and
geophysical data would enable the history of movement along the Cayman Trough to be
established and provide a much needed tectonic framework for the region. In particular, by
placing time constraints upon the motions in the area, it will be possible to correlate the
geologic events in Central America with those in the Greater Antilles.

Integration of the results from holes A and B with available data will enable the Late
Mesozoic and Cenozoic geological history of the northwestern Caribbean to be obtained and its
relationship to the Guif of Mexico system to the north clarified.
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9 Potential Drill Sites in the Southwest Carribean
Deformed Belt

James Kellogg - Department of Geological Sciences, University of South Carolina
Columbia, SC 29208

Nancy Breen and John Ladd - Lamont-Doherty Geological Observatory
Palisades, NY 10964-0190

Many ancient turbidite systems have been interpreted as originating in an active convergent
margin setting. How turbidites are preserved in the geologic record controls the structures we
observe in them, and if deformation occured during deposition, it may also partially control the
stratigraphic relationships. The Magdalena fan, located on the continental margin off the mouth of
the Magdalena River in northern Colombia, is an example of a fan being deposited on the inner
trench slope at an active convergent margin. Because the growth of the accretionary wedge
depends on the maintenance of a critical surface slope, the fan deposition will perturb the pattern of
deformation at the convergent margin.

Drilling sites in the Magdalena fan (Site 1) and in the fold belt (Site 2) would demonstrate the
temporal relationships between turbidite deposition and folding and thrusting. In addition, the
thickness and pressure of Miocene shales and muds and their role in the deformation could be
determined. Data to be collected would include age data, structural fabrics, and pore fluid
pressures. At Site 2 drilling should continue through the toe of the accretionary wedge into the
decollement. The two sites should require about half of a drill leg.

Considerable data is available for the proposed area including multichannel seismic profiles,
Chevron and Ecopetrol have dense gravity surveys, and there are four drill holes upslope on the
continental shelf. Breen and others will propose a sidescan survey of the area to the next NSF
Panel. Kellogg and others will be using precise Global Positioning System (GPS) geodetic
measurements to determine the rate of convergence across the margin beginning in January 1988.

Figure 1.
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Proposal To Study -the-?uerta Rica Trench: D. K. Larve, Dept of Gealogy, ‘University of Puerto Rica,
Mayaguez, P.R. 00708 '

There are two fundamental reasons for initiating studies of the Puerta Rico trench. First, the PR
trench represents one of the type areas in the world for abligue subduction. Much more emphasis
has been placed in the past by the ODP on areas of more normal  accretion. However, it is clear that
the geologic record contains considerable  evidence that continental  truncations and growth may be
related to areas of oblique convergence (for example, - the Mesozoic/Cenozoic tectonic history of the
western - North Americal. Al thougsh such fossil zones of obl ique convergence .-are. relatively common
in the geologic record, there are few well-studied, active ,oblique -convergence - analogues  to
caspare sedimentation,‘ deformation, metamorphism {including diagenesis), and sg forth.

Preliminary. data on the PR trench suggest that an ODP investigation would be important  for
anather reason. Several workers have propased that the inner wall of the PR trench underwent
massive  subsidence in the‘post-Pliocene, possibly resulting from tectonic erosion. Therefore, the
PR trench has additional “global significance" in that it is not only a poorly -studied zone of ablique
subduction, but its inner wall also underwent massive  tectonic subsidence relatively recently
(abaut 4 km jn 4 M.y

The PR trench is’also a site of considerable regional Caribbean controversy. One of th‘e major
paints of conflict about the trench is its age. Some workers have argued that the PR trench is a
post-collisional feature, perhaps Eocene to Oligocene  in age, whilst others. argue the trench may be
45 young as Pliocene, and that the Greater Antilles were sutured to and part of the Narth American
plate during the middle Tertiary. Ascribing whether the Greater Antilles was part of the North
Aeerican  or Caribbean plate during the middle Tertiary has considerable implications for
reconstructions of the plate evolution of the Caribbean. '

In the above I have attempted  to show why the PR trench is important  in global and regional
perspectives,  Now [would like tg point out some of the interesting features about the ;trench area
that are stil) paorly understoed.  First of all, the actual plate boundary  between the Caribbean and
wrth America  in the PR trench is poorly defined. There are several potential areas .where the
tefarmation front of the PR trench could be placed. Furthermare, tectono-tithologic  and ~geomarphic
fements  of the PR -trench are not particularly well assigned. For example, some workers have
ttributed  the Maip Ridge of the inner wall of the PR trench to be an accreted fragment of the once
ontinuous  parpmacyda Ridge," that may extend beneath the Lesser Antilles subduction zone, below the
aribbean Plate, and "daylight" on the North American  plate northwest of the island of Puerts Rica.
hat  is, arqe features of the inner wall of the PR trench are of unknown significance, are poorly
sted, and cannet be tied with a unique or well-constrained tectonic model . Similarly, active
efarnation features of the FR trench are poorly studied, and the affect of oblique subduction on
@ erientatign of structural elements and deformation  processes has not been addressed.  Moreover,
® 3908 0f sediments in ponds in the trench area are also poorly constrained  in age,
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In summary, the Puerto Rico trench represents an ideal location to study the geology of a
gubduction zone characterized by obligque underthrusting accompanied by tectonic subsidence. The
PR trench is also unusual ip i more geapolitical sense in that there is an abundance of seismic
reflection data onland and offshore of Puerto Rico, and plans are being made for a 10,000 ft hole t:
be drilled and cored onland Puerta Rico that will cut through the entire middle Tertiary to

Holocene section. That is, ODP' drilling would be augmented by studies currently being undertaken
onland Puerto Rica. S

1 1 RECOMMENDATIONS FOR CARIBBEAN DEEP-SEA
DRILLING OBJECTIVES/SITES

William D. MacDonald

Dept. of Geological Sciences
State University of New York
Binghamton, N.Y. 13901

Three areas are recommended, with different rationales.

Area l: Yucatan abyssal plain. Although fan-like magnetic
anomalies are known in this area, and have been interpreted
in terms of age, in reality there is no hard age evidence
for this basin. Several entirely different tectonic hypo-
theses have been presented for its origin. These include

1) back-arc spreading 2) 'Bay of Biscay'~-type rifting

3) fragmentation from the main Caribbean plate. Drilling
here should avoid the ENE Cayman structural ridges which
extend into mid-basin. The optimum location for drilling site 1
is near 20N, 085W. Objectives at this site, in addition to
establishing the age and thereby restricting the speculation
on the tectonic evolution, should include determining the
latitude of origin paleomagnetically. An associated seismic
survey should attempt to determine the anisotropy of Vp

of the uppermost mantle here, to allow comparisons with other
regions of fanning or radiating magnetic anomaly patterns

as in the Cocos plate, the Bay of Biscay, and the central
west Pacific; all are areas with which this target has
similarities.

Area 2: Cayman trough. As this is possibly the world's shortest
ocean basin, and probably also the one with the highest breadth
to length ratio, it merits study for its similarities and‘
unigueness in relation to other areas of oceanic crust of
similar age. Unfortunately, its age is poorly controlled.
Symmetric magnetic anomalies about the mid-Cayman spreading
ridge extend for only a few m.y. across the middle qguarter

of the basin. Much speculation attends its age of formation,
which can be best settled by drilling into the oldest crust,
which presumably lies at either end of the trough. The west

end is evidently structurally more simple, but has a thick
sedimentary cover. Providing that this cover can be penetrated
a site 2a should be drilled near 17.3N, 086W. Otherwise, a site
2b should be drilled near the east end of the trough in a
Structurally less complex but probably younger crust, or a

Site 2¢ could be risked in possibly older but also structurally
more complex setting (site 2b 13N, 078W; site 2c 19N, 076W).
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MacDonald, p. 2

Area 3: Southeast Venezuelan basin. This area of the abyssal
plain is most like other oceanic crust, and therefore unusual
in the Caribbean main basin. It has relatively thin crust,
with rough 'basement' relief, and great depth. It appears to
be 0ld, more or less normal, oceanic crust. Evidently it is
not covered by the Caribbean 'flood basalt' of Late Cretaceous
age which characterizes so much of the Venezuelan, and Colombian
basins. Is this crust a window of older crust which was not
covered by the 'flood basalt', or is it a region of older or
younger crust attached to the main Caribbean crust after the
'flood' event? Site 3 near 14N, 067W could possibly revgal
much about early Caribbean crustal history. Relating this to
global processes, except perhaps for a better understagdlng

of the 'flood' basalt event, is more a challenge than is the
case for other Caribbean sites. )

12 New deepsea drilling in the Caribbean.

A.Mascle , Institut Frangais de Pétrole , France.

The Caribbean has been an area of oceanic seafloor accretion
,» active margin processes , and mountain building since probably
late or middle Jurassic times . Parts of this geological history
are now exposed in the deformed belt and island arcs fringing the
Caribbean seas . They have been studied for several years by
Caribbean , North American and European scientists. Part of the
answers to fundamental questions still remains below the sea
which explains why extensive geophysical surveys ( seismic
reflection mainly , and more recently Seabeam mapping and heat
flow measurements ) have been carried out for about 15 years.

The Caribbean is also a place where present major tectonic ,
volcanic , and sedimentary processes are taking place ; they
include fore arc accretion and magmatic activity along 4island
arcs and active continental margins , crustal extension and
rifting with related rapid basin subsidence and oceanic floor.
accretion in predominantly strike-slip regimes , intensive
sedimentary supply from major deltas such as the Orinoco and the
Magdalena rivers. - - ’

The Caribbean thus appears as a place where major geological
processes have been or are still taking place . If some of them
‘can be studied with conventional field or marine surveys , others
need deep seimic drilling for direct basement or sediment
sampling as well as downhole measurments. We propose 3 topics
for new desepsea drilling. They are not only relevant to
Caribbean z2clogy , but they also deal with problems of worldwide
intsrest which are =specially well documented in the Caribbean.
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FOREARC ACCRETION , RELATED SEDIMENT DEWATERING AND FLUID
MIGRATIONS : THE NORTHERN BARBADOS TRANSECT.

DSDP Leg 78-A and ODP Leg 110 on the northern Barbados
transect have brought a large amount of new data about tectonic
and hydrogeological processes occurring at +the front of an
accretionary prism. The Barbados Ridge thus appear as one of the
best documented forearcs ever drilled and is now considered as a
reference . The section investigated by drillings however is
Just 25 km long and can be compared with the width of the
accretionary complex which is about 150 km here. Moreover the
deepest hole did not exceed 700 m when the prism rapidly thickens
to several thousand meters a. few 10 km west of the front.
Obviously new drilling is necessary for a complete understanding
of the tectonic development of the prism. A second major
objective of drilling would be to make in-situ permeabiliy, fluid
flow and temperature measurements ‘'in order to improve the

(,hydrological models developped during ODP Leg 110.

[.-1-Y) The northern Barbados transect is particularly well 1located
or new drilling since : 1/ The water-depth is not to great
which allows good to moderatly good preservation of microfauna ;
2/ The fine-grained sedimentary facies ( mainly mudstones and
Claystones ) lead to excellent core recovery . These two points
are essential to any structural interpretation of the cores. The
whole Barbados Ridge is furthermore well covered by multi-channel
seismic surveys ( including deep seimic profiles ), Seabeam and
Gloria sea-bottom mapping R and superficial heat flow
measurments.

THE EARLY STAGES OF TRANSFORM MARGIN DEVELOPMENT : THE
CAYMAN TROUGH .

Whereas several legs of the DSDP and ODP programs have been
devoted +to passive and active continental margins studies , very
little attention has been paid to continental margins which
develop in a predominantly transcurrent regime. Such margins are
well known in the equatorial Atlantic . They are, however, in a
late stage of passive subsidence since they were formed in
Cretaceous times . An giutable understanding of the initial
tectonic and thermal processes controlling the ( rapid )
subsidence of such margins required investigating a young oceanic
basin whose margins are undoubtedly controlled by transcurrent
faults . One of the best exemples in the World is perhaps the
Cayman Trough which is floored by oceanic crust of ( poorly dated
) Oligocene to recent age . This deep basin is more than 1000 km -
long for with width not exceeding 150 km. Its average
water-depth is about 5000 meters with a maximun of almost 7000
meters at the foot of one of the boundary faults. Present
displacement along these faults ( the Oriente and Swan faults
mainly ) is attested to by their seismic activity.

. Deepsea drilling is necessary to date the oceanic floor of
the basin; this in turn will reveal the rate of oceanic accretion
as well as the rate of tectonic and/or thermic subsidence of the
margins. Additional objectives would be 1/ in situ measurment f}
of heat flows in different part of the basin ; 2/ the presence or &%
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not of hydrothermal activity close to the main boundary faults ;

’

3/ the distribution of sedimentary facies in the basin ; 4/ thegzzzb

’

age of block faulting and tilting on its southern edge (
Nicaraguan Rise ).

JURASSIC AND EARLY CRETACEOUS PALEOGEOGRAPHY.

; The kinematic of plate motion is relatively well known in
the Atlantic area since about middle cretaceous time . In the
Caribbean , the oldest sediments so far drilled are of Turonian
age . Little is known howewver about the paleogeography of the
Pacific and the Tethys in Jurassic and early Cretaceous times .
In the western Alps rifting occurred in early to middle Jurassic
times and led to oceanic accretion in the late Jurassic . In the
Pacific , a Jurassic oceanic crust is presumed to be present
below the thick lava flows of Cretaceous age in the Nauru basin .
One or several links could have occurred between the Pacific and
Tethian Oceans through the Caribbean and the Gulf of Mexico .Two

deep drilling sites are proposed in the Caribbean to document
these early stage of plate motions . :

The first location would be in the Venezuelan Basin with the
purpose of drilling below reflector B" ( lava flows of 1ate@§§>
Cretaceous age ) where discontinuous and subhorizontal reflectors’
could represent volcanic flows similar ( and related ? ) to the
Cretaceous lavas in the Nauru Basin .

The second location would be northeast of the Demerara Rise,/';?\
( Guyana Margin ) where Upper Jurassic and/or early Cretaceous(ﬂf

oceanic crust and related continental margin deposits are
believed to occur .
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13 STRUCTURAL: AND HYDROGEOLOGIC STUDIES OF THE NORTHERN BARBADOS RIDGE

By J. Casey Moore and Alan Mascle

Topical Perspective '

Studies of the structural, geophysical, geochemical, diagenetic, and
biological phenomena have recently provided startling insights into
processes of fluid flow .in accretionary prisms. These investigations show
that fluids are instrumental in controlling overthrusting and wedge
geometry, in establishing the temperature regimes, and in controlling the
movement of material, both as solutes as muddy slurries. Submersible
studies indicate that shallow cementation radically alters the physical
properties (including permeability) of the prism while deeply sourced
fluids support biological oases that have fundamental implications for
palececological interpretation.

Hydrogeological regimes of accretionary prisms can be subdivided into at
least two end-members: 1) those dominated by fine-grained inherently
impermeable sediments, usually in relatively sediment-starved environments,
and 2) those characterized by thicker turbidite sequences with localized
layers of higher primary permeability. Both need to be investigated to
evaluate the hydrogeologic complexity of accretionary prisms. The Barbados
Ridge provides an appealing natural laboratory for the analysis of these
contrasting environments. This proposal addresses continuing structural
and hydrogeologic study of the Northern Barbados Ridge; hopefully, it will
be complemented by a similar proposal across the Southern Barbados Ridge.
Investigation of the structural and hydrogeologic evolution of the Barbados
Ridge follows the one of the highest topical recommendations of the second
Conference On Scientific Ocean Drilling (COSOD II).

Regional Background

Penetrations near the deformation front of the Northern Barbados Ridge.
have comprised some of the most successful scientific drilling at any
convergent margin. Significant accomplishments include: 1)
characterization of the decollement zone and underlying sediments, 2)
definition of fluid flow paths through and below the accretionary prism,
and 3) docvmentation of up-slope structural evolution, encompassing out=of-
sequence thrusting and development of melange-style fabrics. Fluid
compositions indicate the presence of two fluid regimes separated by the
top of the decollement zone. Isotopic composition of methane from the
decol lement. zone indicates it taps deeply sourced fluids.

Sucecessf{ul drilling in the Northern Barbados Ridge area resulted from
the presence of relatively thin, dominantly fine-grained sediments,
moderate water depths, and excellent biostratigraphic resolution. These
conditions are duplicated at few other localities, which, with the
considernbie background of drilling and site surveys, argues for additional
penetrations in this aren. Although, the drilling during Leg 110 was
notably successtul in defining the geology, down-hole tools functioned
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poorly. Emphasis in future drilling should be directed towards
determination of in-situ physical and hydrogeologic conditions in order to
better understand the geologic features developing in the cores.

Proposal

Future drilling across the Northern Barbados Ridge should be focused
away from the immediate region of the deformation front, because this area
has been relatively well explored and penetrations here are more difficult
owing to the slightly lithified condition of the sediments. The four
proposed sites consist of two located moderately up slope but still capable
of reaching the decollement and two further westward designed to

investigate the continuing evolution of the accretionary prism. The
specific sites (located on Figures 1 & 2) are:

NBR 1) At the position of Leg 110 Site 671, this hole is designed

to re-penetrate the decollement to the permeable sand layer in the
underthrust sequence, and if possible continue to the oceanic crust. First
priority would be given to development of a profile of physical and
hydrogeologic conditions including temperature, fluid pressure, permeability,

‘and fluid-flow rate. Since the geology is well established from Site 671

to 700 m sub-bottom, coring would only be required for the basal 250 m of
the hole.

NBR 2) Located nine km west of the deformation front and 900 m above the
decollement, NBR 2 is designed to provide a second sampling of conditions
along the decollement surface and perhaps penetrate into the underthrust
sequence. Principal goals will be definition of the structural evolution
of the decollement as well as making a series of geophysical, geochemical
and hydrogenlogical tests along this surface to establish gradients in
temperature, chemical anomalies, and fluid pressure relative to the
penetration at NBR 1. These gradients when combined with permeability
measurements will provide a regional measure of flow rate and establish a
basis for reasonable estimates of heat and chemical fluxes along this prime
dewatering conduit.

NBR 3) Drilling at this site is intended to penetrate the top of a
potentially underplated sequence lying several hundred meters above the
decollement surface. A hole here hopefully would define the structural
characteristics of a recently emplaced duplex while providing a basis for
evaluating the continuing structural and hydrogeologic evolution of the
accretionary prism.

NBR 4) A 1 km penetration at this location, 20 km arcward of the ;
deformation front, can potentially supply information on the continuing

.complicated structural development of the accretionary prism. At Site 674,

3 lon seaward of NBR 4, drilling 450 m documented the development of
melange-strle structures, extensive thiclmesses of scaly fabrie, out-of-
sequence thrusting, and widespread carbonate veining, all in rocks emplaced
since 5 my ago and with porosities remaining at about 50%. NBR 4 would
investigate the continuation of this relatively rapid evolution of a
complex structural style with declining increments of porosity. A coupled
set of hydrogeologic and pore-vater chemistry studies is also proposed.

Downhole Experiments and Logging

A full suite of logs plus a number downhole tools would be utilized in
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each of the above holes. The down-hole experiments would initially be
directed towards measurement of pore pressure, permeability, and flow
rates. The availability of a packer and the borehole televiewer can
provide the basis for measurement. of the orientation and magnitude of
stress. The Geoprobe Tool with its included packer, now under development
by Dan Karig for use in the Western Pacific, could provide the above
mentioned measurements. The intended time frame of Caribbean drilling
would allow for one or two more development cycles for this tool and
hopefully result in reliable measurements. The present availability of the
"side-entry sub” would presumably permit logging in holes that closed off

during Leg 110 ODP.

PIGURE 1. Leeetion Mep

LEQ TSA/110 SITES o
PROPOSED N8R 81788 &

15°20

FIGURE 2. Proposed Oritling Sites NBR 1~4,

l[f_ Frederick Nagle (University of Miami):
(W

(e
Two deep holes, one in the Venezuclan Rasin aud the other in _ﬂ)
the Colombian Basin, both below B". QEEE)
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Figure 1: Approximate locations of proposed:drill sites, A through F, shown as filled squares. The locations of seismic profiles

shown in Figures 2 and 3 are marked as dashed lines. The heavy solid line marks the position of the present plate boundary, -
and the dotted line outlines the approximate extent of oceanic crust. This and the following two figures are adapted from

Rosencrantz et al., 1987. : .
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Figure 2: Simplified profile of the Cayman Trough with the approximate locations of proposed drill sites superimposed. This
profile is largely based upon the Wilkes 73 singie channel seismic reflection profile shown at top [Holcombe et al., 1973},
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Figure 3: University of Texas institute for Geophysics multichannel se:smic profiles from the western Cayman Trough (CT1-7)
and eastem rift margin (CT2-14), with proposed drill sites B and F superimposed. The line drawing beneath each profile is a
simplified structural interpretation. The unit shown as hachured in protile CT2-14 is interpreted to represent synrift sediments.
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21 R. Speed: Caribbean Scientific Drilling Targets (in priority)

1. Cayman Trough: The displacement history of the Cayman Trough is the best gauge
of whether the Caribbean plate came wholly or partly from the Pacific and when. The objec-
tives are to obtain data on sediment age, thickness, and facies that will improve our under-
standing of the magnitude, distribution, and timing of displacement by predrift extension and
by seafloor spreading.

2. Tectonic History of the Leading Edge of the Caribbean Plate: The Lesser
Antilles arc has existed in its current form as the leading edge of the Caribbean plate (Fig. 1)
only since early Neogene time. Before this, the plate’s leading edge is poorly defined and is
likely to have been a composite of terranes and quite differently oriented tectonic boundaries. I
submit that the history of the arc at latitudes of Dominica and Barbados has differed consider-
ably, reflecting the following kinematic phenomena: NAm-SAm plate boundary, eastward rela-
tive motion of Venezuelan Basin lithosphere, coalescence of discrete pre-Neogene terranes such
as eastern Greater Antilles and southern Lesser Antilles, and development of Grenada Trough.
Differences in the tectonic development of the present leading edge, and in turn, modern Carib-
bean plate tectonics, may be recorded in forearc basin strata and basements on the east side of
the Lesser Antilles arc. For example, I argue that the forearc north of Martinique may be
entirely of Neogene tectonic age whereas that to the south began in Eocene or earlier times
(Speed et al., 1987). I propose to drill the relatively thin (<2 km) forearc basin succession east
of Dominica or Guadeloupe to acoustic basement (Fig. 2) and to compare these data with
onland, seismic, and drilling data on forearc basin strata at the latitude of Barbados.

3. Inner Forearc Tectonic Wedging: Seismic profiling in the southern forearc of the
Lesser Antilles shows well a regional structure that may exist in the inner (arcward) zones of
many forearcs of the world. The structure appears to be the arcward wedging of the accretion-
ary prism into the forearc basin. In general, the inner prism tip appears to be inserted at an
intermediate stratigraphic level in the forearc basin succession, but varies its detachment hor-
izon, and the floor thrust may locally follow basement or on the other hand, become emergent
(Torrini and Speed, 1987). The proposed process, which may be global, can be tested by drilling
through the roof sequence, prism tip, and floor sequence of forearc basin strata (Fig. 3). The
data should also improve our understanding of physical properties of rock at the wedge horizon,
dating of horizons in the forearc basin (where horizons in the floor sequence can be traced onto
the Tobago Trough), and the linkage between deep strata of the forearc basin (Tobago Trough)
and the allochthonous Oceanic beds of Barbados.

4. Tobago Terrane vs. Accretionary Prism: Tectonic Relationships: The Tobago
terrane (Fig. 4) is composed of Cretaceous crystalline rocks that are exposed on Tobago island
and probably extend west toward Margarita as the forearc basin basement. Rocks of the Barba-
dos accretionary prism lie north and east of the Tobago terrane but the tectonic relationships of
the two are uncertain. The Tobago ferrane may be wedged into or over the prism or may be
simply an extra large accreted object within the prism (Speed, 1986). The history of the south-
ern Lesser Antilles and of motions between Caribbean terranes and continental South America
must accommodate the juxtaposition of the prism and the Tobago Trough. Holes drilled north
and just east of Tobago island may provide requisite data: whether prism rocks or forearc basin
strata lie above the.north flank of the Tobago terrane and the age, origin, and deformation of
rocks just east of the geophysically identified southeastern edge of the Tobago terrane.

5. Origin of the Grenada Basin: The Grenada Basin (Fig. 5) lies west of the Lesser
Antilles arc in a backarc position with the Aves Ridge flanking the basin’s western margin. The
Grenada Basin is floored by 12-15 km-thick oceanic crust and covered by >4 km of sediment.
The age of the crust is Eocene or older according to heat flow and long-range seismic
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stratigraphy. A major question is whether the Grenada Basin formed by backarc spreading, by
arc jump, or by some other origin. The age of the basin and its structural connection to the
Aves Ridge are necessary ingredients for an answer. A hole should penetrate a condensed sec-
tion of mainly pelagic sediments on the western flank of the basin, continue through a zone of
dipping reflectors that cover the Aves Ridge-Grenada Basin transition, and sample the subjacent
basement. The ages of the basement and dipping reflectors should bracket the time of basining,
and compositions in the two seismic zones may indicate the changing response of a possible rem-
nant arc of the Aves Ridge to spreading in the Grenada Basin. The suprajacent pelagic section
may yield a good biostratigraphic record to early Tertiary times; well preserved faunas are likely
due to relatively shallow water depth and are known down to Pliocene in the vicinity at DSDP
148. Thus, the hole may fill in the gap in the Oligocene to late Miocene faunal record from
prior Caribbean drilling. This hole may also date changes in water circulation between Atlantic
and Pacific Oceans. Last, dating of the main basin fill section will permit seismic stratigraphic
correla.txon throughout the Grenada. Basin. U
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Guy Waggoner
Grad. School Oceanography
Univ. Rhode Island

The major portion of the Caribbean plate shows many similar-
ities with oceanic plateaus, it has unusually thieck (10 to 15
km), bouyant, thickly sedimented oceanic crust that is 1-2 km
shallower than predicted from normal thermal subsidence models.
The ' geological complexities of the surrounding margins and the
missing seafloor destroyed by subduction allow many possible
models of Caribbean plate evolution. The evolutionary models
fall into two broad categories, those where the plate is formed
essentially in place between North and South America and those in
which the plate is formed in the Pacific and transported into the
region from the west (e.g. Malfait and' Dinkelman, 1972; Burke et
al., 1978; Pindell and Dewey, 1982).

The modern analogs of many allochthonous terranes in
continental orogenic zones may be found in the oceanic plateaus
(Ben—Avraham et al., 1981). Recent studies of the Pacific margin
of North America have shown the importance of allochthonous
terranes in plate ‘tectonic evolution and mineral distribution
(e.g9. Coney et al., 19803 Albers, 1981; Berg, 1981; Hollister and
Tooker, 1981; Jones et al., 1981; Tempelman-Kluit, 1981; Ben-
Avraham and Nur, 1983). )

The Caribtean provides a prototype model for the processes
involved in the formation, transportation, storage and eventual
obduction of oceanic plateaus and thus warrants further investi-
gation by ocean drilling. The Duncan and Hargraves (1984) model
of circum—Caribbean plate motions with respect to the hotspot
reference frame and the modelling of magnetic anomalies by Ghosh
et al. (1984) provide testable predictions concerning the age and
geochemistry of the oceanic basement, the geochemistry and nature
of the volcanism that resulted in the thickening and bouyancy of
the Caribbean crust (B" event), and the progressive change of
provenance of sediments. The Sr, Nd and Fb isotope study of B"
basalts recovered by DSDP Leg 15 has shown that this velcanism
probably had a hotspot origin with multiple basalt injections
(Waggoner, in preparation; Sen et al., in press).

Recent expanded seismic profiling and multichannel seismic
studies of the Venezuela Basin reported by Diebold et al. (1981)
has shown that in the southeastern and oldest part of the basin
there is an abrupt boundary between basement layers designated
smooth B" and rough E". The nature of the rough B" reflector is
unknown, but' due to its more normal depth to Moho and seismic
reflection characteristics it has been suggested to be oceanic
crust produced at a spreading center. If it is indeed typical
crust then it may represent a fragment of the seafloor destroyed
elsewhere by subduction.
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The highest priority for further drilling in the Caribbean
should be sampling basement from both the area of smooth E" and
rough B". Sampling basement will provide both age and geochemi-
cal constraints for testing models of the allochthonocus nature of
the Caribbean crust. Frior drilling has penetrated only the
upper carapace of the B" volcanism which was responsible for
thickening the Caribbean plate, therefore coring of the B"
interval will provide further essential information on the nature
of the hotspot volcanism, the timing and mode of emplacement
(flows vs. sills), and comparison with other Pacific oceanic
plateaus. ‘ : :

Proposed sites are divided on the basis of sampling object-
ives into two areas corresponding to smooth B" and rough B"
reflectors. Sampling both of these reflectors should have the
highest priority in any further Caribbean drilling.

Smooth B" Reflectors

1. ESPI (13 N 67 25°W)
Reentry, APC, XCE, RCB

Water depth SO00 meters

Total drill string 6600 meters

Total coring interval 1600 meters
Coring subintervals
seabed to B" 700 meters sediment
B" to basement BOO meters basalt/sediment
basement penetration 100 meters hasalt

Total sub-bottom penetration 1600 meters

Estimated time on site S2 days

Considerations:

This site and the highest priority rough B" site ESP1 are
close to one another and along the same approximate flow line (as
indicated by the proposed magnetic anomalies on map). Basement
at this site is probably some of the oldest Caribbean crust based
on the proposed 150 m.y. ocld magnetic anomaly identification just
to the west (Ghosh et al., 1984). There are high quality multi-
channel seismic (MCS) lines, expanded seismic profiles (ESF) and
single channel seismic (SC) lines for this site. Seismic strati-
graphy is well defined and indicates layering beneath the E"

laver. Drilling will sample a new sediment section at a ‘time
cost of 6 days over option #2 below.
o o

2. Reoccupy Site 146/149 (15 06.99°N &9 22.67°W)
Reentry., RCBE

Water depth 3949 meters
Total drill string 3611 meters
Total coring interval F00 meters
Coring subintervals
Frevious penetration 762 meters sediment
(seabed to B")
BE" to basement 900 meters basalt/sediment
Total sub-bottom penetration 1662 meters
Estimated time on site 46 days

P
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Considerations:

A reentry cone was placed during initial drilling of this
site and it should be possible to reenter the hole wusing this
cone. Hole conditions are unknown and may have deteriorated in
the last 17 years. The sediment section above the B" layer has
already been sampled and thus no new information will be gleaned.
If the hole is in good condition then B" can be drilled more
guickly. There may be some interest in sampling the fluids in
the hole. The seismic lines available for this site are not as
complete or of the same quality as those for site ESF3.

i. ESP1 (14 3JI0O°N &6 157W)
Reentry, AFC, XCB, RCB

Water depth S100 meters
Total drill string 7700 meters
Total coring interval ° 2600 meters
Coring subintervals
Seabed to A" ; 200 meters sediment
A" to basement (B") 1700 meters basalt/sediment
Total sub-bottom penetration 2600 meters
Estimated time on site ?0 days !!!
Considerations:

The sub-bottom drilling depth and basalt/sediment intercal-
ated mixture will severely test the drilling ship capabilities,
but this is one of the types of problems that the JOIDES
Resolution was intended to tackle. There are no recovered
samples of the rough B" material and its nature is unknown but of
fundamental importance to understanding the evolution of the
Caribbean plate. This site is in a magnetic quiet zone and is
possibly on the oldest Caribbean crust. The velocity-depth
profile is similar to that found in deep basins of the. Atlantic
and Pacific with normal crustal thickness. The depth to basement
satisfies the age-depth requirements of the cooling slab model of
Sclater et al. (1971) for Early Cretaceous crust. The site is
along the same approximate flow line as ESF3. The relationship
between smooth B" and rough B" is unknown, but the stepped Moho
and abrupt nature of the boundary suggests = fundamental
differences in processes that created various segments of the
Caribbean crust. There are high quality MCS, ESP and SC lines
available for this site. The depth to basement increases towards
both the south and east.
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2 3 Lesser Antilles Volcanism: Deep Sea Drilling Objectives

Willlzun M. White
Dept. of Geologieal Sciences
Corniell University
Snee Hall
Ithaca, NY 14850-1504 USA

Abstract

Two ODLP drilling sites are proposed to help resolve the question of
whether the sedimentary signature In Lesser Antilies Are magmas is
acquired through contamination of magma source reglons by
subducted sediment at depths of 100 km or through asstmilation of
sediment In high levels of the arc crust by ascending magma.
Resolution of this quesuon has important implications for erust-
mantle evolution. The first site would be located just enst of the
southern part of the deformation front and has as its objective as-
sessment of the gcochemistry of sediment potentially being subducted
beneath the southern part of the arc. The second stie would be
located off-axis In the southern part of the Lesser Antilles arc itseif.
its primary objective would be to assess the geochemistry of sediment
available for asstmiiatton in the arc crust.

A taif amount of isotopic and trace element data now exist for the
;rc. dSr.sNd. and Pb isotopic compositions are summarized in Figures

an .
compositions aobserved In the nare.  Ph isatope ratios of many of the
Iavas plot. outstde the field defined by aceanie hasalts (MORB and
oceanic island hasnlts) as well as ficids defined other ares. They show
a8 strong slindlarity to Pb Isotope rattus frosm sediments from the
Atlantic scafloor directly In front of the are. Trace elements show a
stntlarly wide range: rare earths, for example, range from shightly
light-tare-carth depieted to strongly lght-rare-rarth enrtched. White
and Dupmé (1986) attribute the unussunl geochemistry of Antilles Arc
magmas to Inheritance from subducted sedisment i the magma sourece
regions. The Oronoro River appears to be the prime source of much
of the sediment being subducted beneath the are. Oronoco River
sediment appears to be In part derived from the Archean Guiana
Highland, which account for the radiogente nature of P'b and Sc and
unradiogenic nature of Nd in the sediment. Additional evidence for
indirect inheritance of geochemistry by the Lesser Antilles Are
magmas from the Guiana Highland comes from the geographic
distribution of Isotopic compositions of both sedlment and are magmas
(Figure 4): I'h and Sr Isotope ratios derrease northward In hoth,
apparently due to a waning of the Oronoco River contribution
northward.

That the arc magmas contain a sedimentary component 1s beyond
dispute. lowever, there have been differing Intetpretations of how
magmas acquire this sediment. In contrast to the interpretation of
White and Dupré. Thirlwall and Graham (1984) and Davidson (1986)
consider assimilation of sediment i1 the are crust by nscending magina
to be a more important cifeet that sedtment subduction. These
authors have presented evidence suggesting coupled asstimiiation-
fractional crystailization in Grenada and Martintque. In addition,
Davidson notes that some are magmns have Pb isotope ratios which are
more radiogenic than analyzed sediment from In front of the arc,
Provided the analyses availabie represent the range of Ph isotope ratins
in the sediiment In front of the are, this nbservation argues against the
sediment subduction- source contamination hypothesis.

White and Dupré (1986) and White et al. {in prep.), point out the Ph
isotopic compositions of the Grenadn lavas stucied by Thiriwall and
Graham (1984 are are stmilar to thase of Paciflc Ocean sediment, and
to some metasedimentary xenoliths from St. Vineent, but are different
from Pb Isotope ratios of other Lesser Antilles suites and from those of
sediment in (ront of the arc. They argue on these grounds that the
assimilation of intracrustal sediment of Pacific provenance that
occurred in the suite studlied by Thiriwaill and Graham is unique (at
least no other cases have yet been documented) and cannot account
for the geochemistry of the arc as a whole. A suite from La Soufriere
voicano of St. Lucia studied by White et al. {in prep.) has Sr and Nd
isotope ratios as nearly as extreme as the Martinique suite studied by
Davidson. However. in contrast to Davidson's resuilts, White et ai.
found Sr—-O and Nd- O isotope systematics were not consistent with
assimlilation— [ractional ecrystallization: rather they indicated
contamination of the magma source by subducted sediment.
Furthermore, in their study of sediment from (n front of the are., White
et al. (1985) found that, in addition to becoming more radiogentc
southward. Fb tn the sediment became more radiogenic with depth at
Site 543. Extrapolating these two trends. they pointed out that the
sediment with the most radlogenic Pb should occur in the unsampled
deeper horizons south of Site 543, just north of the South American

These figures fllustrate the extreme range of isotopic *

continental margin. Thus, according to White et al. (1985) and White
and Dupré {1986]. the observation that some Lesser Antllles lavas have
more radlogenie Pb than the sediment cannot be used to argue against
the sediment subduction- source contamination hypothesis.

The question of the origin of the sedimentary signature in Lesser
Antilles Arc lavas is important because of its impiications for island-are
magma genests and crust-mantle recyeling. Island arc magmas are
petrologically and geochemically distinct from magmas generated in
other tectonic regimes. There has been considerabie debate as to
whether slab-dertved compornents, and particuiarly sediment. in {sland
arc magma sources accounts for these distinctions. White and Duprs
(1986} argue that the subducted sedimentary signature in Lesser
Antilles magmas is so obvious not because there is more sediment
being subducted. but because of the unusual geochemistry of the sedi-
ment In the regton. particulariy the extreme {sotoptc compositions. In
their view. the resuits of their study can be applied to other arcs as
well. This conclusion ts obviously invalidated If the sedimentary
signature Is acquired through assimilation: thicker sediment in the
Lesser Antilles arc crust may result In assimilation being more *
important in the Lesser Antlles than in other arcs. :

The larger question invoived is the degree to which the continental
crust can be destroyed through subductlon and recycling to the
mantle. and the degree to which mantie heterogeneity might resuit
from this recycling process. One view of crustal evolution hoids that -
crustai mass has remained constant through much of Earth's history
with addtions of new crust being balanced by destruction and
subduction of old crust {Armstrong. 1968). And White and Hofmann .
(1982} have suggested recyciing of continental crust accounts for
much of the geochemical varfation observed in the mantle. These
questions are of fundamental importance In understanding the|
operation of plate tectonics and evolution of the Earth. In Armsu-ongsi
view, the crust-mantle system Is now in steady state: crust creation
was a more or less one time event which was compiete 3500 to 4000 |
Ma ago. If this view is correct. present piate tectonics processes are !
not responsible for creation of continental crust. Hofmann and White |
(1982) argued that crust-to-mantle recycling produces a
heterogeneous distribution of heat-producing elements in the mantie
which Is responsible for inittating mantle plumes. !

Geochemical, particularly isotopic. studles of Island arcs are)
potentially one of the best ways of assessing the recycling flux of |
sediment. and hence continental crust. to the mantle. Such studies |
can readily assess the contribution of sediment to 2 magma: however,
as tllustrated by the present controversy in the Lesser Antiiles, they do |
not a priort reveal how the sediment finds its way Into the magma °
system. Thus in order to truly assess crust-to-mantle recycling in
subduction zones. the contribution of sediment from assimtiation must _
be determined. ’

Two ODP drilling sites are proposed. The scientific objectives of
the proposed drilling program are to resoive the controversy of Lesser .
Antilles geochemistry and hence constrain the amount of crust-to-
mantle recycling and modeis of tsland are geochemtstry. These
objectives will be achieved by (1) assessing the gcochemistry of
sediment being, or potentlaily being, subducted bencath the southern
Lesser Antilies, and (2) assessing the geochemistry of sediment;
avatiable for asstmilation In the are crust. Additional sctentific resuits |
will be sedimentation history of the Atlantie plate in {ront of the arc
and the volcante history of the Lesser Antilles Are. !

Lesser Antilles Site 1: Southern Deformation Front Site :
The first site proposed is shown in Figure 5. It should be
preferably located just north of an extrapolation of boundary between
the South American Plate and the Caribbean Plate. and near. or just
east of, the deformation front. The primary objective being to .
determine the nature and geochemistry of sediment in the
southernmost part of the Atlantic piate being subducted beneath the
Lesser Antilles Are. Ideally, cores through the entire sedimentary
sequence shouid be obtained (all horizons should be at least parttally
cored. but there nced not be 100% coring downholel: the lowermost
horizons are of particular interest. The thickness of the sediment In
this area (5 km), may dictate shifting the site somewhat to the north’
and/or east. The ability to penetrate the entire sequence {s more
important than the exact location of the site. Some minimal,
penetration of basement {50 m) is also desirable, In order the assess;
the geochemistry of the subducting oceanic crust beneath the
southemn part of the arc. The primary data to be acquired is Pb!
lsctores and other geochemical parameters of the sediment.
Petrologtcal evaluation of the sediment will aiso be important.

- Essentially this site is a test of the postulation of White et al. (1985)
that the most radlogenic Pb being subducted beneath the Lessers
Antilles shouid be found In deep sedimentary horizons at the scuthern
end of the arc. More importantly, it is a test of whether sediment
being subducted beneath the southern part of the arc has sufficiently
radiogenic Pb to account for radiogenic nature of Pb in Lesser Antilles
magmas. The result is cructal to resolving the asstmilation versus
subduction con discussed above.

In addition to the strict geochemical objectives of the site. drilling
may provide some interesting Insights in to sediment history and
accretionary wedge tectonics. These sedimentary segquence thickens
markedly southward along the deformation front. and deformation may
differ from that at the northern drilling sites. White et al. (1985)
concluded from Pb isotopic compositions that the Guiana Highland has!
been an important source of sediment at Site 543 since thei
Cretaceous. It would be tnteresting to test this hypothests by obtaining
and analyzing appropriate samples.
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fsotope rattos of sediment in front of the arc (local sediment) and
sediment from ather regtons (global sediment). Tb tsntope ratlos from |
two other arcs shown for comparison. From White and Dupré (1986). i

Lesser Antilles Site 2: Grenadine Arc Crust Site

The second proposed site would sample the Lesser Antilles Are
crust itseif. The primary objective would be to determine the nature
and geochemistry of sediment in the arc crust. A secondary objective
would be to obtain a record of the volcantc history of the are. A
location in the Grenadines is suggested here. but any suitable site
south of Martinique would be satisiactory. Since the voicanic horizons
making up the are crust would be thinner off axts. the site would be
preferably located to the east or west of the arc axis. Geophysical
studies would be required to determine the exact location of the site,
and whether any such hole wouid have a reasonable chance of fulfllling
the abave objectives.

The oceanic crust upon which the Lesser Antilles arc s built was
presumably formed in the Pactfic. Thus the lowermost sedimentary
borizons should be of Pacific provenance and geochemically distinct
from sediment in front of and potentially betng subducted beneath the
arc. Much of the later sediment in the are crust is likeiy to be
voleanogenic. and assimilation of this matertal wouid not account for
the radlogenic nature of Fb In Lesser Antilles are lavas. Presently,
Oronocs River sediment reaches the Demerara Abyssal Plain via
turbidite currents: Uittle, if any. of this matenal is deposited in the
region of the are itseif. A simpie uniformitarian approach would reach
the conclusion that this geochemicaily unusual sediment does not
exist in the arc crust and hence would not be available for assimilation
by ascending magmas.. This unique geochemical signature could, in
this interpretation. reach the magmas only by subduction to the
magma generation region. However, If South American drainage:
patterns were different in the early Terttary and Late Cretaceous,
matestal derived from the Guiana Highland could have been deposited

in th= region of the present Lesser Andlles are. Analysis of sediment .

coredt from a well located drilling site could resolve this question, and
hence go a long way to resoiving the sediment assimilation versus
sediment subduction debate.

This site would be one where maximum penetration is desirable.
Preferably. it would reach oceanic crust basement. In order to do this,
it would presumably have to be sited well off axts, where the are
voleanic sequence is relatively thin, Nevertheless, much of the are
history might be preserved in volcanogenic sediment Thus questions -

of the arc voicanic history and inttiation of subduction and volcanism
in the Lesser Antilles Arc could be addressed by this site. :
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JAMAICA PASSAGE

T.A. Jackson and M.D. Hendry
Department of Geology
University of the West Indies
Mona, Kingston 7, Jamaica

Bathymetric, seismic,'mAgnetic and gravity surveys along sections of
the Jamaica Passage have been carried out by a number of oceanographic
research vessels including the R.V. Goswold (1968, 1969), R.V. Discoverer
(1972), HMS Hacla (1972), R.V. Eastward (1973) and R.V. Atlantis (1978).
The data show that the area is dominated by a series of structurally con-
trolled NE-SW trending ridges and troughs (Horsfield and Robinson 1974).
The NE-SW structural trends do not extend onto the islands of Jamaica and
Hispaniola which instead display prominent MBASE and E-W lineaments. Case
et al (]984) have shown that the Jamaica Passage comprises several geological
provinces. The Navassa Trough, along which is located the E-W trending
Plantain Garden-Enriquillo fault zone (Mann et al.,1983), divides the southern
Nicaraguan Rise from the Southern Haitian, Massif de la Hotte and Cayman Trans-

form provinces to the north.

We propose‘thgt by drilling on one of the‘prominent NE-SW trending
ridges in the Jamaican Passage located north of the Navassa Trough, prefer-
ably in Case et al's (1984) Massif de 1a Hotte Province,wbu]d provide impor-
tant geological information on the Post-Cretaceous tectonics and sedimentati&ﬁ
history of the region. Sclater and Rosencrantz (1986) postulate that these
NE-SW structures are related to the early rifting of the Cayman Trough.
Therefore an ODP site on the Grappler Horst (Burke et al.,1980) would provide
inter alia more geological daté on the evolution of the Cayman Trough and the
possible onset of E-W displacement between the North American and Car’bbean

Plates.
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28 ODP-Workshop, Jamaica, Nov., 17. - 21., 1987

Martin Meschede & Wol/gan_g Frisch

Proposal to drill in the Caribbean Sea - Scientific Objectives

Two drilling sites in the Caribbean Sea, one in the Lesser Antilles arc with the main
interest in the mechanical behaviour of subduction zones, and the other in the central
Colombian basin with main interest in a probable sedimentary response to the Caribbean
"sill-event” are proposed. ,

The mechanical' behaviour of rocks in subduction zones is still poorly understood.
Mineral deformations and metamorphic alterations within the accretionary prism are
not clear and the distribution of stress and strain is difficult to determine and could
be analyzed directly in cored material. Investigations on crystal defects (e.g. in quartz
orolivine), illite crystallinity, degree of vitrinite reflexivity etc. would be helpful. Obser-
vations on processes like mineral deformation, pressure solution or intracrystalline
deformation would become directly accessible.

The Lesser Antilles arc is an island arc with active accretion in contrast to the Middle
America Trench off Guatemala, where accretion is not observed. A possible drill site
or structural investigations in the Caribbean could be the Lesser Antilles arc east of
uadeloupe Island in continuation to Leg 110. A later drilling site should penetrate
through the Middle America Trench near Leg 84 Sites comparing the structural style
of this convergent plate margin without accretion (Aubouin et al. 1982) with the "nor-
mally” accreting Lesser Antilles Arc.

The "sill-event” occured during Late Cretaceous in the Caribbean Sea. The oceanic crust
was thickened from 8 up to about 15 km during a short time span (Burke et al. 1978).
This event is probably responsible for the accretion of oceanic terranes at the Pacific
coast of Costa Rica and Panama. Main questions on this problem are: Do the sediments
overlying the basaltic layer of the central Caribbean basin (drilled in the Leg 15 Sites,
Donnelly et al. 1973) reflect the time and process of crustal thickening? Is there any
other sedimentological or structural response to this significant event in the Caribbean?
Is the "sill-event" related to the accretion of ophiolite complexes in Middle America?

A possible drilling site for questions related to the "sill-event" could be proposed within

1 the Colombian basin between Sites 153 and 154 (Leg 15) or 502 (Leg 68). An accessory

fa point at this site would be a sedimentological and stratigraphical investigation of the
Magdalena fan north of Colombia.
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INSTITUTO NACIONAL DE INVESTIGACIONES

GEDLOGICO-MINERAS, INGEOMINAS
Diagonal 53 No. 34-53
Bogotd - Colombia S.A.

HERMANN BUQUE-CARO :

would like to address some pcledceonographic problems which have been recognized
in the land stratigraphy of the NW Colombian coastal margins which could help in
justifying future drilling sites, particularly in the Colombian Basin side.

1.- Middle to late Miocene biostratigraphy, - paleoceancgraphy and paleobiogeo-
graphy in the Colombia Basin side.

The middle fo latest Miocene chronostratigraphic interval appears to be critical
to understanding the tectonic and paleoceanographic history of the Caribbean region.
However, the pre-latest Miocene biostratigraphy has not yet been recorded in the
Colombia Basin. In the same fashion, very little is known of the middle to late
Miocene chronostratigraphic interval ( 12.8 to 6.3 Ma) in terms of planktic organisms
in NW South America, particularly along the northwestern margins of NW Colombia,
facing on the Colombia Basin.

The last known data indicate the occurrence of late Miocene rodiolarian assem-
blages both in the Colombia Basin ( Site 502 ) and in the coastal areas of NW
Colombia (Cartagena area ). No radiolarian assembloges as young as late Miocene
are known in the Venezuela Basin side which could suggest the development of a
late Miocene circulation barrier between the Colombia and’ Venezuela basins.

On the other hand, recent biostratigraphic studies in the Pacific cocstal
margins (Atrato Basin) in NW Colombia indicate an abrupt paleoceanographic
change between the Atlantic to Pacific water flow, associated with a partial
emergence of the southern Central American isthmus during the late middle (12.8 Ma)
to late Miocene ( 6.3 Ma ). As a result, a distinctive and homogenous coastal
Pacific benthic foraminiferal assemblages and southem extension of the cool
California Current developed along the Pacific coastal areas of NW South America.
These phenomena which restricted the water circulation between the Pacific
and the Caribbean and apparently within the Caribbean must be reflected in both
in taxonomic and planktic assemblage. differences.

These data are justifying the critical importance a future site in the Colombia

Basin reaching middle_Miocene sedimenis as old as 12.8 Ma. (Zone N. 12) to solve
these problems. @ '
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LESLIE BRARKER-FHILLIP PRAYME o

ERRBADOS MATIOHAL OIL CUs LTUa

"HE IMPORTAMCE OF THE LESSER AMTILLES FOREARC SYSTEM. IM REMERFALLY
HLERSTAMDIME PLATE MOUTION MECHAFISIMEG AHD INTERACTION BETUEEM
"LATES.  PARTICULARSLY AT AREAS OF ACTIVE SUBRDUCTION CAHMOT EE
IWER-EMPHASIZED

JETAILED PROPOSALS FOR DRILLIMNG THE LESSER AMTILLES FURERRL

LAFY HAKVE ALREADY BEEH DOCUMEMTEL IM REFPURTS OF THE CARRPRIBEAM HWORKIN
3 GROUP TO DelwFe IM 1234. HOWEVER. OF PARTICULAR IMFORTAMCE IM THE
LAF IS THE SIGHIFICAMT AMOUMT OF DATA CEBATHYMETRIC. SEISHMIC AMD
MIDSTRATIGRAFHICI ALREADY AMAILABLE: OM THIS PRISM. WHICH CAM ASSIST
‘N ARRIVIMG AT COMCLUSIVE SULUTIQHS FOR SOME MAJOR FROBLEMS WMITH
(ELATIVELY LITTLE MORE DRILLIMS. y THE RESULTS MAY, THEM BE RAFPPLIED

‘D OTHER RRC AMD ACCRETIONARY -PRISH'@YSTEMS WORLDUIDE. {2 T S T

"HE SEDQGRAPHY OF THE FRISH IS LDEAL FOR STUDWIME A RAMGE OF
*ROBLEMZ THIS PRISH STRETCHES FROM |1 DEGe = |2 DESe Me WHERE

T OCCURPIES A BROAD THICK AREA SOUTH OF BRARBADOS ISLAMD TO THE
"HIMHER MARROLER PRISH SECTIOMNS IM THE REGIOM OF IS DEZe — |6 DEGS

1n : .

"HOUEH MUCH DARTA HAS BEEM ALREADY ACRUIRED IM THE HORTHERM RESION

W THIS FRISHM C(DSIP E41. 542, 5432 AHD ODF LEG 11079 MO DRILLIMG

IAS BEEM DOME IM THE MORE IMTERESTIME AMD FRESUMABLY COMPLICATEDR SOUT

IERM SECTIOM. AMD THE THIS ARER REMAINS A PRIME TARGET FOR A TRAMSEC

° OF CRREFULLY ZITED HOLES. C/r I
' 31- ‘

"HE TRAMSECT IM THE S0OUTHERH PARTOF THE LAF SHOULD BE DESIGHMED TO

SOLME THE FOLLOWIMNE FROBLEMS:

ia THE EVDLUTIDHHR? PROCESZSES IM THE DEVELOPHMENT OF THICE
PRISMS FARTICULARLY METHIDS OF SEDIMEMT TRAHSFER:

ia RESEDiNEHTHTIUﬂ“TH“TNTEH—PRISMYBHSIHSE

le STRUCTURAL STYLES ACRO3S THE FRISMH: AND
Ja THE STRATIGRAFHIC RELATIOMNSHIPS BETHEEN THE

HEQSEME TOBAGD TROMEH AMD OTHER SHALLER BASIH
SEDIMEMTS, THE FRALEOGEME SEUIMEMTS OF THE
FRISH. AMHD THE OQLDER BASENMENT ROCHKS SUCH AS
THE RARAYA-TOBAED HETA NORFHICS CHETR SELINENTST)
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PRILLING AT NEAR-TRENCH POSITIONS EAST OF LESSER ABTILLES FOREARC o
|
By J.H. BEHRMANN 16L, Cieasen University, Senckenbergstr. 3, o
D-6300 Giessen, Weat Cermany. \0,“
Backeround and rationale N
The area east of the Lesser Antilles islands is one of the best
explored forearc regions in the wvorld. Ceometry and dynamics of
accretionary wvedge building are known from detailed geophysical
tavestigations, theoretical studies, and previous ODP/DSDP _
tetlling. Hovever, study of the accretionary vedge itself only un <<
srovides a historical and dynamic record of the sediments that e
have evaded subduction into the earth's mantle. ﬁRL‘Q
A major question to be addressed in geotectonics is how much
sediment is subducted into the mantle at convergent margine. In IMRC 1
srinciple the problem can be analysed ueing the following
variables:
* a) duration and rate of accretionary vedge building
5 L -
b) rates and direction of plate convergence D '.74’ J "/\

¢) compactional behavior of sediments (in order to Fig. 3. Approximate location of proposed drillsites.

compare volunes of sediments accreted, and those ——
accretable or subductable per unit time).
d)sedimentation dynamice on the abyesal plain in )
front of the forearc.
MAC 1. Located at approximately 57°¥-long, 13°N-lat.
Varisbles (a), (b) and (¢) can be fairly well constrained fron é}_\ near 5000 m. Sediment thiekno’n .”"‘."2_23.5 .l:c. d‘:a“:l"t:::::
existing geophysical data, plate motion models, and theoretical time. Planned penetration: approx. 1000 m. Continuous or partial
:o-pne:ten ru:otunl. Knowledge on (d) is aritical, and is used coring. Oceanic basement will not be reached, bdut valuabdle
0 estimate how much sediment can be sccumulated on a piece of information can bs gained o
oceanic plate during its travel from the mid-occean ridge to the history. s R younger part of sedimentation
treneh. This wvill be the amount either accretable ané/or .
subductable. Sediment sccumulation vill be variable, depending MAC 2. Located at approximatel °y-long, 14°
——— - N-lat.
mainly on the distance from terrigenous sediment sources, and on $3-3 ) near 5000 n. Sediment ehtcknoo,a ?ppro:. ‘l. a:c tin:lg t::::‘l. ::i:h
the nature of the pelagic eediment source. . Contiuous or partisl coring. Planned penetration: to ocaanic
basement.
Here I propose to study sedinmentation dynamics in near-trench .
locations eaat of the Lesser Antilles forearc. The objective is MAC 3.
to constrain variable (d) 'tor geotectonic modelling etvndsncnt Fg—t% ub::r.es:)%o.:..::::::::o:‘::dif:n.elot:i.el:::zg; %.51-:; ':t.r
eontasination of the earth’'s mantle. travel time. continuous coring. Planned Pcuoeuuom.eo :ecn:::
basenent. A
Proposal f
Sedimentation on the Atlantic abyssal plain sast of the Lesser Duration and technical requiresents
A::t;l;l::d is eo:tnthd‘by e pelagic b.c:c:cunt oe':rc; :nd [ The proposed drilling progui can prodably be accomplished d ein
] 1/ groving terrigenecus coaponen ue to e Orinoco uring
input. In Fig. | a sedimentation rate profile is constructed from ::::n; :.'1'"":‘;’"1“‘ ODP-leg (4 wesks). The project would seek
existing DSDP/ODP borehole data east of the central Lesser in the Lu.u:r A:x‘t?ltl?-“ °°:P"'“°" vith other drilling ventures
Antilles forearc. Fig. 2 shows that s more general parabolic a complets drilling 1 or Western Central Atlantic areas to form
‘fGRetion Tor sediment thickness versus plate age 1A this aFea &A™~ Bg leg or two interconmected half-legs.
be derived from the averaged dats in Pig. |. To average the data . -
has the effect of removing local heterogeneities in the 2:.:{::"“:11:.;?:;:'3':nrun"‘ go8ls can be achieved with
esedimentation pattern. . equip L] Joides Resolution”.
T 1 T ] T T ] LI v s mm———
_\\ ] .'-"q ',’ ) ' Additional scientific benefits
?
. S J I ! Ocean history. Early evolution of the Central Atlantic. Radio-
) \ . :., F; : metric dating and petrology of Cretacecus oceanic crust.
> My, - n
o™ g ———— i [ 8h resolution dlostratigraphy of Cretacecus ¢ -
-i \ — A : ) ment sequences in Caribbean area. ® o present sedi
5 Lo A -
. L Physical Properties. Establishment of gradients in physical
"'"= ) b [ ] properties in suite of logs showing variable tarrigcnuuap t’nyut.
L. 2400 e et} .
L » 1 hd Lo hd 1 ] .
. . . m" [RP———
rig. i rig. 2
Evolution of sediment thickness GCeneralised sediment
versus age esst of central Lesser thickness as function of
Antilles forearc from DSDP/ODP plate age. After data in
data. rig. 1.

As total sediment thicknesses are subject to large variations
along strike of the Lesser Antilles forearc, additional strati-
geaphic information needs to bde collected from near-trench sites
_loser to the South American continent (Sites MAC 1, MAC 2 on
fig. 3), east of the deformation front of the accretionary vedge.
A third site (MAC 3 in Pig. 3) is to be drilled east of the
~etarved” part of the accretionary vedge towards the north.
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jL/' Proposal submitted to the Caribbean Scientific Drilling

Jamaica - November 17 - 21, 1987

André W. Droxler
Dept. of Geology and Geophysics
Rice University
Houston, Texas 77251

Associated withﬁ Albert C. Hine, University of South Florida
Paul- A. Baker, Duke University; Eric Rosencrantz and Richard T.
Buffler, University of Texas at Austin

*"CENOZOIC EVOLUTION OF SMALL DETACHED CARBONATE BANKS AND
THEIR DEEP PERIPLATFORM SURROUNDINGS IN THE TECTONICALLY
ACTLIVE SETTING OF THE NICARAGUA RISE® :

The past decade has seen an explosion in our knowledge and understanding of the
evolution of the shallow carbonate banks as well as their periplatform deep water
surroundings in the Bahamas (reviewed by Schlager and Ginsburg, 1981, and Mullins,
1983. At the heart of this success has been the intergration of high resolution scismic
reflection data with sediment/rock samples (piston cores, rock dredges, submersibles)
and most recently, drill cores, recovered on ODP Leg 101 (Austin, Schlager, Palmer et
al., 1986).

We propose in this preliminary writeup to drill several ODP Sites (APC, XCB as
well as rotary drilling) in the close vicinity of submerged carbonate-producing Pedro,
Rosalind and Serranilla Banks located on the crest of the Nicaragua Rise in the
Caribbean Sea, in order to extend our understanding of the evolution of carbonatc
banks and their periplatform deep surroundings to a new and very different setting.

This carbonate province differs from the Bahamian prototype in several important
aspects: (1) The Nicaragua Rise is a tectonically active area in the vicinity of the
Caribbean-North American plate boundary, whereas the Bahamian platforms arc
currently tectonically quiescent. (2) Pedro, Rosalind and Serranilla Banks are
submerged by much more water (30 meters average depth) than the Bahamas (less than
10 meters average depth) and have thereforc previously been thought to be a drowned,
unproductive platform contrary to our preliminary findings. (3) Pecdro, Rosalind and
Serranilla Banks are somewhat smaller and more isolated from other sources of shallow
carbonate sediments than Great and Little Bahama Banks, hence they should make a
more simply understood carbonate province. Finally, (4) the carbonate province of the
Nicaragua Rise is located within the tropical latitudinal belt, expcricnces stcady
northeasterly trade winds, and is not as influcnced by winter cold fronts as arc the
more northern Bahamas.

In addition the carbonate province of the Nicaragua Risc is unique in many
different aspects: This carbonate system is relatively young. Bascd on well data, we
know that the Banks have evolved since the Eocene, whereas the Banks in the Bahamas
began their buildup already during the Triassic. The carbonate province of the
Nicaragua Rise may represent an carly phasc of carbonate platform development where
the initiation of platform segmentation is perhaps the typical devclopment of a
carbonate system along a tectonically active basin (Caribbean, western Pacific Ocean),
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with possible lateral expansion, or on the contrary undergoing important erosion along
their margins and thus becoming more dissected and segmented, by tectonically induced
faulting, by marginal collapse, or by physical, biological and chemical erosion. Small,
detached carbonate platforms controlled by underlying tectonically-derived structural
features have been more common in the geologic past than the Bahama type, where
banks occupying a passive tectonic setting, (1) have persisted for a very long period of
time, (2) are enormous in size (width and thickness) and (3) are shallow, rimmed
platforms. The carbonate province of the Nicaragua Rise would be therefore a better
analog for fossil carbonate provinces as i.e., the small Ladinian platform in the
Venetian Alps, the small detached platforms of the Upper Devonian in Alberta,
Canada, or as the Triassic and Jurassic evolution of the carbonate systems along the
northern Tethyan continental margin.

Finally, the carbonate platforms of the Nicaragua Rise are located in a key position
during the entire paleoceanographic evolution of the western Caribbean, Yucatan Basin,
eastern Gulf of Mexico and Straits of Florida. The Niearagua Rise was the close
witness of the closure of the Isthmus of Panama tentatively dated as early as middle
Miocene (~ 16 m.y.) by Mullins et al.,, 1987 or as late as early Pliocene (3.1 m.y.) by
Keigwin, 1978. The Rise itself was perhaps a fully developed shallow carbonate barrier
at some point during the Paleogene, preventing any northwestward surface water flow
as the present Caribbean Current. These successive Cenozoic paleoceanographic events
should be well recorded in the sedimentary sequences deposited in the deep
surroundings of the shallow banks.

The existing seismic coverage of the carbonate province of the Nicaragua Rise is
quite extensive. U.T. (Austin) has several multichannel seismic surveys of the area, as
well as LF.P. (Institut Francais du Pétrole, Paris) has numerous high resolution seismic
profiles (1980 and 1982). There are currently two NSF funded research programs
studying the carbonate province of the Nicaragua Rise: (1) Albert Hine and Pamela
Hallock-Muller are working on the bank top as well as the upper slopes (0-200 m) of
Pedro, Rosalind, Serranilla, and MisKito Banks, (2) Paul Baker and I just were awarded
an NSF grant to study the deep periplatform surroundings of the Nicaragua Rise, by
high resolution watergun seismic, coring, dredging and chemistry of the water column.
This drilling proposal could well be combined with Donelly’s proposal and the location
of his proposed drilling Sites A, 20, 21, B and 21 would need to be .adjusted based on
the results of the different seagoing operations in 1988 and the study of the seismic
profiles of U.T. (Austin) and IFP-CEPM (Paris); both sets are currently proprietary
data. : '

184



3 5‘ Drilling Site Proposal for the Caribbean Region
Ocean Drilling Program Workshop November 1987

Gerta Keller, Department of Geological and Geophysical Sciences
Princeton University, Princeton, NJ 08540

PALEOCEANOGRAPHIC EVOLUTION OF THE
CARIBBEAN: MESOZOIC - TERTIARY

The Caribbean is one of the most comploex regions structurally, tectonically and
paleoceanographically. Many questions still remain regarding its evolution, origin and
migration of plates, formation of basins and ridges, paleoclimate and paleocirculation
- histories. A few strategically placed drill holes in regions yielding the best possible
stratigraphic record could answer many of these questions and lead to a better
understanding of global tectonics, paleoclimate and paleocirculation. The following drilling
objectives are proposed.

OBJECTIVES: 1. Origin of Caribbean Plate

: 2. Atlantic-Pacific Paleocirculation
3. Basement age of Basins
4. Subsidence and uplift histories of basins and ridges

Each of these objectives can be achieved more successfully using a multi-
disciplinary approach integrating structural, tectonic and sedimentologic studies with
stratigraphic, paleoclimatic and paleoceanographic studies. There appears to be sufficient
interest for such an approach as the earlier Caribbean Working Group (1984) has expressed
similar objectives and at least 12 of the 27 proposals in the present Working Group address
these objectives from different disciplines. (Proposals by Buffer et al. (2), Burkart (3),
Donnelly (4), Draper (5), Hall (8), Mascle (12), Pindell (15), Saunders (17), Schlanger
(18), Speed (21), Klitgord (24), Mauffret (27).

To obtain maximum paleoceanographic information drill holes must be located
where relatively continuous sedimentation above the CCD is available and microfossils are
well preserved. If such sections are made available the following information can be

gained.

: based on planktic foraminifers and nannoplankton age control on
the order of a few 100,000 years for Cretaceous to Eocene sediments and about
100,000 to 150,000 years for Oligocene to Pliocene sediments can be obtained.:
Paleodepth: Subsidence and uplift histories can be determined from benthic
foraminifera. ‘
Paleoclimate; oxygen isotope data of foraminifers and faunal assemblage data
(planktic foraminifers, nannoplankton and siliceous microfossils) can yield a
detailed paleoclimatic history for Cretaceous and Tertiary sediments.
Paleocirculation: This type of information can be gained from Atlantic and
Pacific faunal affinities, the carbon-13 record, and fror hiatus patterns throughout
the Atlantic, Caribbean and Pacific.

SUGGESTED DRILLING LOCATIONS (ODP Sites) @
1. Cayman Trough origin of Caribbean plate 21-1
2. Yucatan Basin Cretaceous to Tertiary record 11-1, 15-1, 24-1
3. Colombia Basin ] origin and history of 14-2,24-5%45-3

4. Venezuela Basin | basins, paleocirculation,
Atlantic/Pacific faunal affinities 12-3, 18-1, 24-4 @
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36 Tectonics Panel: Proposal
for further seismic surveys of the

Colombian and Venezuelan BRasins

In order to select the optimum drill site location to
achieve our objectives, and develop adequate background data, it
is recommended that studies and surveys in certain areas be
conducted prior to drilling. In a few areas surrounding the
Caribbean Sea workers have reported sedimentary and igneous
sections that are strikingly similar to that of horizon B". We
recommend that each of these outcrops (Haiti, Curacao, Costa
Rica, and Ecuador-Colombia) undergo a systematic study to be
compared with drilling results in the basin. The age and
chemistry and overall character of the units above and below B"
should be the primary characteristics to be sought for
comparison. Particular emphasis should be placed on the "rough
basement" that apparently underlies horizon B" in the Colombian
and Venezuelan basins.

Multichannel seismic data in the central region of the
Colombian Basin has revealed a window in the horizon B" where the
"rough basement" is observed to plunge beneath B". Additional
MCS surveys should be conducted in this area to define with much
greater precision the extent of the window and the nature of the
termination of B". It has been suggested that the "rough
basement" may extend on the lower reaches of the Nicaragua Rise
in much the same way as do A" and B" to the north (Site 152). If
this is the case then ancient (Early Cretaceous or even Jurassic
sediments) may be cored at much shallower depths below the
seafloor and without the added obstacle of thick turbidite.
Surveys would also be directed toward investigating this
possibility.
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VII. TECHNOLOGICAL RECOMMENDATIONS

Oriented Cores

An urgent need exists in ODP drilling for taking oriented cores. The applications are to many

fields of investigation. Quite possibly the usefulness for large oceanic coastal plates is less than for

smaller, more variable, and complex plates such as the Philippine, Caribbean, etc. The following are

the main uses we foresee for oriented cores:

Paleomagnetism

Oriented cores providing well-oriented paleomagnetic vectors will help to solve the following tec-

tonic and paleogeographic problems.

1.

To demonstrate latitude of origin and azimuthal orientation of tectonic plate segments

of sectors.

To distinguish equatorial approach - retreat from equatorial crossing for low latitude

‘mobile plates such as Caribbean; this cannot be done using inclinations alone.

To identify major unrecognized plate boundaries in oceanic plates. For example
inclination data alone (unoriented cores) may not be useful in recognizing such boun-
daries whereas declination divergence may be the single important clue. Particular

plate boundaries to evaluate could be Hess Escarpment and Beata Ridge.

To compare on-shore paleomagnetic information, to correlate directions of plate

motion relative to island arcs, to verify island arc polarity, etc.

To evaluate specific paleogeographic hypotheses, e.g., was the Caribbean part of the

Pacific? Did it evolve in situ, etc.?
To aid in proper interpretation of marine magnetic anomalies by establishing calibra-

tion points where direction, intensity, and susceptibility of magnetization are meas-
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ured (e.g. to interpret magnetic anomalies of the Yucatan, Cayman, Colombian, and

Venezuelan Basins).

Application of Oriented Cores to Other Specialities

1.  Structural petrofabric studies: fractures, slickensides, and microfabric elements for
strain analysis and strain history, and for relating dynamics/kinematics to time and

place in the larger regional tectonic semng

2. Sedimentological/paléoceanographic studies: current flow directions may reveal
appearance/disappearance of major water mass circulation barriers by influencing

directions of flow in bottom waters.

3. Igneous petrology: source directions of magma may be deduced from anisotopy of
magnetic susceptibility (AMS). This is useful for determining source of flows, dikes
(and dike orientations, e.g. sheeted dikes), and sills, and possibly for determining

source direction towards plumes/hot spots passed over by the site, etc.

4.  Magnetostratigraphic and correlation studies: at low latitudes, paleomagnetic inclina-
tions (i.e. from vertical cores) are useless for magnetostratigraphy; only paleomag-
netic declinations (requiﬁng oriented cores) can be used to establish magnetic stratig-

raphy in low latitudes, as in the Caribbean.

The basic technology is available from oil drilling technology, with minor adaptation to ODP
requirements. Especially, we urge the use of gyrocompass or other non-magnetic method for determin-
ing sampler orientation, in conjunction with sidewall core drills of one inch core capacity. This is
important to avoid orientation by, for example, spurious magnetic fields as can be encountered in
basalt. The shock of explosive-driven explosive cores should be avoided, as it is likely to have
adverse impact on AMS and possibly also on remanent magnetization and structure '(by including new

fractures for example).
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~The entire main core at an ODP site can be effectively oriented by having orientation calibration
cores along its length. This greatly increases the amount of material available to all scientists requiring

oriented materials.

Summary

Taking oriented cores can be applied globally. The technique is essential for the study of small,

mobile, polysegment plates, especially for low latitude plates like the Caribbean.

Stress Measurements of the Caribbean Plate

The Caribbean Plate is bounded on the North and South by two continents. Seismic evidence
indicates that the present motion of the Caribbean Plate is eastward with respect to both North and
South America. Onland structural studies indicate that this has been active through the Neogene. The
presence of submarine accretionary structures on both the north and south margins, in addition to
analysis of Neogene structures, suggest that the plate is also subject to some degree of north-south
compression. As the Caribbean is anomalously thick and less subject to subduction it is more likely to
be under stress. It is suggested that as such, bore hole stress measurements should be made on all
holes in the Caribbean interior. Such measurements will lead to a greater understanding of the defor-
mation of a small buoyant plate sandwiched between the two contents. Moreover, they will tie in with
Global Positioning System (GPS) experiments presently being conducted in the Caribbean and to
onland neotectonic and seismic studies. The results will also help resolve the problem of the plate
driving of the Caribbean. As the Caribbean plate is not connected to a subducting slab or major
"spreading center, its movement must be due to either different mechanical coupling at the Central
American and Lesser Antilles trenches, or by drag and the base of the plate. The expected stress fields
for each of these alternatives are sufficiently different that they can be distinguished by the proposed in

situ stress studies, and hence can provide important insights into the dynamic aspects of plate motion.
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Turbidite Drilling

To achieve the drilling objectives outlined in this document, holes will have to be drilled through.
about 2000 meters of sediment (oldest crust in the Venezuelan Basin and Yucatan Basin). A large part
of the section to be drilled in the Yucatan Basin is likely to be turbiditic, but the courseness of the
sand or silt or thickness of the beds is not know. However, we need to be prepared for poor drilling
conditions since the totalidistaﬁce from the source (south-west) suggests that the turbidites at the site

will be closer than distal.
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IX: RECOMMENDATIONS: PRIORITY SCIENTIFIC PROBLEMS OF THE CARIBBEAN
AND AN OCEAN DRILLING STRATEGY

Introduction

From individual proposals (section VII), panel deliberations (sections III-VI), and discussion in
plenary session, the Workshop concluded with an appraisal of the most important geoscientific prob-
lems of the Caribbean fof whiéh ocean drilling is a necessary approach. The basis for assignment of
problemé as priority is their dual scope: thematic in the sense of forefront topics in earth processes and
history, and at the same time, addressing major knowledge gaps in Caribbean geologic evolution. The
thematic content of such problems is in line with that specified by COSOD, TECP, LITH, and SOHP
white papers.

Eight leading problems are presented below without ranking together with recommended sites for
ODP drilling. The sites (Fig. IX-1) are then placed in a drilling strategy with objectives and approxi-
mate durations. It is estimated that 9 drilling legs (2 month/leg) are needed to address adequately the
eight problems. The drilling strategy is highly generalized; it does not include exact positions, hole
specifications, or geophysical documentation. Such information is left to individual proposals for ODP

legs which this report is intended to spawn.

Priority Problems of the Caribbean

* Paleogateways of the Caribbean: Paleogateways addresses the tectonics and history of develop-
ment of deep and shallow seaways between the Atlantic and Pacific that record the breakup of Pangea
and early drifting apart of North and South America. Questions are 1) the age range and degree of
breakup vs. position, and 2) the kinematics of breakup — how much extension was accommodated and

whether motions were streamline or locally rotational.

The objectives are the oldest Mesozoic strata, Jurassic or Early Cretaceous, that are probably

native to the Caribbean region — that is, not exotic and a product of large tectonic transport, and shal-
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low sampling of subjacent basement. Information sought is subsidence and sediment provenance his-

tories, seismic horizon identification, basement affiliation, and paleomagnetic directions.

Primary sites, discussed in section III, are southeastern Venezuelan Basin (Fig. IX-1-1),

southeastern Gulf of Mexico (Fix IX-1-2), and Demerara Rise (Fig IX-1-3).

¢ Paleoceanography of the Caribbean: 'I"his 'problem embraces the Jurassic and Cretaceous histories
of Atlantic-Pacific interexchanges across the Caribbean region and their influence on global oceano-
graphic and climatic histories, diagenesis, and biotic evolution. Questions are the position and ages of
first shallow and deep water seaways and the durations and watermass history (flow direction, chemis-

try, temperature) of such seaways.

The objectives are, as with paleogateways, the oldest Mesozoic strata as well as succeeding full
Cretaceous sections that are probably or potentially native to the Caribbean. Information sought is a

complete sediment and pore fluid record, to be obtained with maximum recovery possible.

Primary sites, discussed in section IV, are 1) southeastern Gulf of Mexico (Fig. IX-1-2), 2) Dem-
erara Rise (Fig. IX-1-3), 3) southeastern Venezuelan Basin (Fig. IX-1-1), and 4)4 Colombian (Fig. IX-

1-4) and northwestern Venezuelan (Fig. IX-1-5) Basins.

e Origin of the Caribbean Plate: The question is whether the principal oceanic lithospheres of the
Caribbean plate, those of the Venezuelan and Colombian Basins, are native or exotic to the Caribbean
region. If exotic, a further question is the history of large transport, whether principally mid- and late
Cenozoic and at the modem Caribbean-North American plate boundary or principally Late Cretaceous
and early Cenozoic. An exotic origin of the Caribbean plate includes important thematic problems: 1)
the mechanisms and causes of insertion wmﬁm wherein a small plate (Ca) is driven into a gap

between large plates (NA and SA), and 2) the only preserved fragment of Mesozoic Farallon plate.

Primary sites, discussed in section III, are: 1) Cayman Trough (Fig. IX-6), 2) southeastemn
Venezuelan Basin (Fig IX-1), 3) westerm Colombian Basin (Fig. IX-4), and 4) Beata Ridge or eastern

Venezuelan Basin (Fig. IX-7). Each of these sites includes investigations for one or more of the other
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seven major problems.

e Cayman Trough: The Cayman Trough includes four thematic problems, as follows: 1) mechanics
of formation and deformation (ridge jumping, rotations, faulting) of oceanic lithosphere under very
highly oblique spreading; 2) test of theory of thermal subsidence of oceanic lithosphere with wall
(lateral) -cooling effects; 3) baéaltic magma compositi;m as function of progressive development of a
pullapart basin; and 4) Cenozoic history of the Caribbean-North America plate boundary with

emphases on duration and total slip.

The objectives are to drill basement at varied positions from the modem ridge east to the oldest
Basalt of spreading origin in the Cayman Trough and farther, to basalt on presumably rifted crust.
Information sought is the age, depth, composition, and magnetization direction at each hole. It is also

a goal to drill through a presumably thin layer 2 into gabbroic crust at one hole.

Prime sites, discussed in section III and VI, are (Fig. IX-6) in the eastern half of the Cayman

Trough.

o Caribbean Oceanic Plateaus: This problem concerns the nature and origin of widespread Late
Cretaceous basaltic volcanism in the Venezuelan and Colombian basins that was plateau-forming and
probably of midplate generation. Questions are the processes and duration of formation, tectonic
environment, and geographic origin (exotic or native) of the plateau basalts, and whether they are pri-

mary crust or lie above older sediments and oceanic crust.

The objectives are to establish the character of the plateau basalt by distributed shallow drilling
and a single deep hole. The data to be determined are the ages, chemical and isotopic compositions,
proportions of intrusion to extrusion, magnetization directions, and sediment provenance through the
upper 200 m of basalt in the shallow holes and through the entire plateau basalt section (between 0.8
and 2 km) in the deep hole. A correlative objective is the Cretaceous sediment column at a site of

normal oceanic crust adjacent to oceanic plateaus. Here, the data sought are the sedimentation history
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from the plateaus and its record of duration and composition of plateau magmas and proportion of

extrusion.

Primary sites are in the southwestern Colombian Basin (Fig. 1X-1-4) and south of the Dominican
Republic (Fig. IX-1-5) for the shallow holes; 2) in the eastern Venezuelan Basin (Fig. IX-1-7) for the
deep hole; and 3) in the southeastern Venezuelan Basin (Fig. IX-1-1) for the sediment column above

normal crust.

e Sediment Subduction and Arc Magmatism: The problem is whether or not sediments and(or)
surficial fluids continue with downgoing oceanic slabs to magma generation depths below arcs and, if
so, whether or not such sediments and fluids are a significant component of arc magmas. Spatially
correlated compositional gradients in Atlantic sediments and Quaternary magmatic rocks of the Lesser
Antilles arc suggest sediments and(or) fluids substantially affect magmas, and the nature of this possi-
ble relation needs amplification. More information is needed on magma compositions, along the arc

(along the gradient) and with age over the Quaternary-Neogene eruptive phase of the arc.

The objectives are to drill a succession of tephra layers that will record the ei'uptive history at
each of three sites along the eastern arc flank that record proximal, intermediate, and distal positions of
the Atantic slab with respect to the outflow of South American continental sediment. The data to be

determined are chemical and isotopic compositions and ages of the tephra.

Prime sites are east of Grenada (proximal) (Fig. IX-1-8), east of St. Lucia (intermediate) (Fig.

IX-1-9), and east of Guadeloupe (distal) (Fig. IX-1-10).

e Mechanics of Accretionary Forearc Development: The kinematics and dynamics of accretionary
forearcs, widely recognized to be fundamental among tectonic processes and to bear on the develop-
ment of mountain belts globally, have a fair theoretical foundation. There are, however, major gaps in
understanding which are crucial to a comprehensive theory. These are mechanisms of accretionary
wedge thickening between the outer deformation front and the structural high; deformation arcward of

the structural high and forearc basin-wedge interactions; and nature and causes of episodicity of
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accretion. Each of these can be investigated probably as well as anywhere in the world in the Lesser

Antilles forearc.

The objectives of wedge thickening investigations are to test for the existence and the geometry,
motion, and other characteristics of various mechanisms (section V). underplating, out-of-sequence
thrusts, and folding plus incorporation of slope cover, all of which have been interpreted from seismic
studies on the Barbados'Ridg'e. The sites for examining sediment thickening include a hole into
undermfust sediments 15 km upslope from Leg 110 to test for underplating (Fig. IX-1-11) and a tran-
sect up the prism slope at 12°20°N (Fig. IX-1-12).

The objectives of the forearc basin-wedge deformation investigation are to lean the timing and
kinematics (distribution of basin strata vs. early wedge elements) in the major deformation belt arcward
of the structural high. The sites for this investigation are in a transect across the structural high to the
forearc basin (Fig. IX-1-13).

The objectives of the episodicity investigation are to see if there have been periods of rapid and
slow growth and if these correlate with other geologic variables such as plate motioh changes. Such
information can be learned by drilling to the base of slope cover in a number of shallow holes on the
first transect (Fig. IX-1-12).

e Fluids Evolution in Accretionary Wedges: The hydrologic system of accretionary wedges is a
forefront topic among today’s major scientific questions. The Barbados accretionary wedge has pro-
vided more insight and data to the burgeoning theory of how such systems work than any other
forearc, and it is evident that further investigations of this type will accelerate our understanding of
them. The principal questions are the actual rates and transience of fluid and heat flows, the nature of
fluid sources, conduits, and principal transfer mechanisms, and differences between low and high per-

meability wedges (mud and sand-rich, respectively).

The objectives are to measure fluid flow, pressure, and composition as a function of depth

through the lower wedge slope and through the underthrust strata as deep as top oceanic crust. The
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objective should also include analysis of rock structures and sediment diagenesis. The sites should
also include reference sections outboard of the deformation front and cut a major out-of-sequence

thrust and mud diapir within the wedge.

Prime sites for such activities should include 1) a hole near ODP 671 for full penetration of the
underthrust section (Fig. IX-1-14); 2) holes just upslope from 671 for flow at an out-of-sequence thrust
(Fig. IX-1-11); and 3) a set of holes across the outer deformation front near about 15° N (Fig. IX-1-

15) where incoming sediment is probably much sandier than at the Leg 110 latitude.

Drilling Summary

Numbers attached to sites are their locators on Figure IX-1; they are not rankings. Estimated
drilling legs are 2 months.
Southeastern Venezuela Basin (1):
problems: paleogateways, paleoceanography, plateaus, Ca plate.
specifications: core full 2 km sediment and penetrate oceanic basement through weathering zone
(Fig. III-6).
objectives: age, tectonics, and exotic vs. native origin of normal oceanic basement; bathynietric,
sediment and biotic provenance; and paleoceanographic histories of succeeding Jurassic(?), Creta-
ceous, and Cenozoic strata; particular emphasis on Late Cretaceous volcanogenic sediment succes-
sion related to formation of then-adjacent(?) oceanic basaltic plateaus.

duration: 1 leg.

Southeastern Gulf of Mexico (2):
probiems: paleogateways, paleoceanography.
specifications: drill at sites with shallow penetration to Lower Cretaceous level of Leg 77 and into
layered rocks above basement (Fig. I1I-4).

objectives: age range, tectonic, and bathymetric history and kinematics of rifting in transitional
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crust between Cuba and Gulf of Mexico.

duration: 1/2 leg.

Demerara Rise (3):
problems: paleogateways, paleoceanography.
specifications: drill outboaﬁ of shelf-slopé break . for shallow penetration through known Valan-
ginian horizon and to subjacent strata and as far as basement (Fig. III-5); second shallow hole out-
board of slépe to oceanic basement.
objectives: age range, tectonics, and bathymetric history of rifting at northemn passive margin of
South America; time of onset of drifting.

duration: 1/2 leg.

Southwest Colombian Basin (4)
problems: paleoceanography, plateaus, Ca plate.
specifications: drill 1000 m sediment section and 200 m into igneous and sedinientary rock of oce-
anic plateau.
objectives: Cenozoic and Late Cretaceous bathymetric history; sediment provenance history; water
mass character; biotic provinciality; age,‘composition, and magnetic directions of plateau igneous
rocks.

duration: 1/4 leg.

Northwest Venezuelan Basin (5)
problems: paleoceanograbhy, plateaus, Ca plate.
specifications; objectives: same as (4); to obtain distributed data on age and composition of pla-
teau magmatism.

duration: 1/4 leg.
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Cayman Trough (6)
problems: 1) crustal formation and development of spreading in pullapart basin of a major
transform fault; 2) thermal subsidence with lateral transfer; 3) basalt eyolution; 4) Ca plate and
duration and total displacement on present Ca-NA plate boundary.
specifications: s_eries of 5-6 holes in eastern Cayman Trough (Fig. III-8) between modern ridge and
rifted terrane -east of 6ceaﬁic lithosphere through thm pelagic sediments; core basal sediment and
top of basement; in one hole, drill thm (200 m) layer 2 into gabbroic crust.
objectives: histories of spreading, deformation, rotation, ridge jumps, and subsidence; basalt com-
positions and ages.

duration: 1 leg.

Northeast Venezuelan Basin (7)
problems: paleoceanography, plateaus, Ca plate.
specifications: drill through full section of oceanic plateau igneous rock (between 0.8 and 2.0 km
thick). |
objectives: age range and compositional evolution of basaltic inagmatism; proportion of intrusive
and extrusive igneous rock; proportion of sediment in plateau; magnetic directions; Late Cretaceous
and Cenozoic paleoceanography of strata succeeding plateau and detection of existence, type, and
age of sediments just below, Ca plate.

duration: 1 leg.

Lesser Antilles Arc Platform Flank East of Grenada (8)
problem: sediment subduction in arc magmatism.
specifications: core about 1 km of sediment on eastern flank of arc platform or western forearc
basin about 50-100 km east of the active volcano (Fig. IV-10). |

objectives: compositions and ages of tephra layers for arc magmatic history in Quaternary and
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Neogene times at a site where sediments of mainly cratonic provenance -are probably being sub-
ducted.

duration: 1/3 leg.

Lesser Antilles Arc Platform Flank East of St. Lucia (9)
problems: sediment subducﬁbn. o
specifications; objectives: same as (8); site east of volcano above slab with intermediate propor-
tions of mﬁﬁnental and pelagic sediments.

duration: 1/3 leg.

Lesser Antilles Arc Platform Flank East of Guadeloupe (10)
problem: sediment subduction.
specifications; objectives: same as (8,9); site east of volcano above slab with minimal proportion
of continental sediments.

duration: 1/3 leg.

Barbados Wedge: Upslope from Leg 110 (11)
problem: mechanics of accretionary wedges.
specifications: kdeep hole through accretionary wedge 15 km inboard of outer deformation front
drilled to basal detachment.
objectives: test whether underriding sediments have accreted to wedge base (underplating, duplex-
ing) as a major upslope wedge thickening mechanism.

duration: 1/2 leg.

Barbados Wedge: Lower-Upper Slope Transect (12)
problem: mechanics of accretionary wedges.

specifications: series of shallow holes through seismically identified structural features on the lower

200



and upper wedge slope: out-of-sequence thrusts (12a), uplifted slope cover (12b), and deformed
slope basins (12b) between latitudes 12° and 15°N.

objectives: mechanisms of upslope thickening of accretionary wedge; bathymetric history of wedge
surface; timing of deformation of slope cover vs. position upslope to test episodicity of accretion.

duration: 1/2 leg.

Barbados Wedge: Inner Forearc Transect (13)
problem: mechanics of accretionary wedges
specifications: one km-deep and two shallow holes in inner forearc deformation belt through
seismically identified structural features.
objectives: test timing of major structures in belt, whether layered rocks in belt are of forearc basin
or other origin, and sense of key faults (repetitive or omissional).

duration: 1/2 leg.

Barbados Wedge: Outer Deformation Front and Atlantic Plain (14, 15)
problem: fluids evolution in accretionary wedges.
specifications: two sets of deep holes to penetrate toe of wedge through detachment and
underthrust strata to oceanic crust; each sét includes reference hole seaward of wedge toe; holes 14
in low permeability (muddy) wedge; holes 15 in higher permeability (sandy) wedge; deep holes
need pressure, flow velocity, and water chemistry measurements with depth.
objectives: accufate measurements of hydrologic system within and below wedge toe and between
wedge and undeformed strata seaward of deformation front.

duration: 2 legs.
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