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INTRODUCTION 

THE FLOOR of the Caribbean Sea (Figs 3.1,3.2) is essen-
tially oceanic. It consists of several basinal areas (from west 
to east, the Yucatan, Colombian and Venezuelan Basins), 
separated by shallower areas (the Nicaraguan Rise and 
Beata Ridge). The Cayman Trough is a narrow, very deep 
linear basin immediately north of the Nicaraguan Rise and 
is notable for being the site of contemporary sea-floor 
spreading. The Caribbean sea floor has been extensively 
described in the recent "Caribbean Region" volume of the 
Geological Society of America's  Decade of North American 
Geology series 9. Papers in that volume which are especially 
pertinent to the present discussion include chapters 27, 932 , 
1041 and 1316. Extensive reference is also made here to the 
results of the Deep Sea Drilling Project (DSDP), notably 
Leg 15 (1970-197120). 

The floor of the main part of the Caribbean—that is, the 
Venezuelan and Colombian Basins—is underlain by a vast 
plateau basalt which is not typical of oceanic crust, but 
which has close analogues elsewhere in the world ocean. 
The origin and evolution of this basalt is central to the 
history of the Caribbean region and will be the main focus 
of this chapter. 

   MORPHOLOGY OF THE CARIBBEAN BASINS 

The following passage briefly describes the morphological  
units of the Caribbean from east to west. Figures 3.1 and 3.2 
locate these features. 

Aves Ridge 
The Aves Ridge is a complex elevated submarine area  

with a virtually straight north-south western margin and an 
eastern  margin  that  merges  with  the  curved  volcanic  inner 

arc of the Lesser Antilles. The depth of water on the western 
margin ranges from zero (Aves Island) to a more repre-
sentative 1-2 km. In the southern half of the ridge the 
Grenada Basin is a basinal area with a water depth of nearly 
3km. 

The origin of the Aves Ridge is obscure, but rocks of 
island-arc affinity have been dredged and drilled at several 
places. Donnelly13 speculated that the ridge represents two 
extinct island arcs of late Cretaceous to Paleogene age, one   
on the western margin facing west and one on the eastern 
margin facing east These arcs have been sundered by late 
Cretaceous to Paleogene eastward movement of the Carib-
bean plate. The Neogene Lesser Antilles island arc is built 
upon diverse sundered fragments of these older arcs. 

Venezuelan Basin 
The Venezuelan Basin is the easternmost, the most 

thoroughly studied, and the simplest of the basinal areas of 
the Caribbean. Because it has been studied more completely 
than the other basins, and also because it was drilled in 
several places during DSDP Legs 4 and 15, it will be useful 
to consider it in some detail before proceeding to the remain-
ing areas of the Caribbean. 

The Venezuelan Basin is mainly between 4 and 5 km 
deep. It is slightly shallower in the centre than on the 
northern and southern margins, where it is bounded by 
narrow troughs with turbidite plains. The trough on the north 
is called the Muertos Trough; the one on the south is less 
well defined and has no commonly accepted name. The 
northern and southern boundaries show clear evidence of 
young subduction41 of the crust of the basin beneath the 
adjacent land areas. 

On the east the Venezuelan Basin is bounded by the 
Aves Ridge. The tectonic nature of this boundary has not 
been clarified, because the nature and history of the Aves
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Figure 3.1. (A) Map of the Caribbean showing major named features within the basinal portion. Filled circles 
with numbers are drilling sites (DSDP Leg 15) that reached the basaltic crust; open circles are DSDP sites not 
reaching basement. Line shows crustal cross section of (B). (B) East-west crustal cross-section at 15° latitude, 
bent to cross Central America at about S45°W. The 'Caribbean basalt/sediment layer' is the upper part of the 
thickened Caribbean crust; the sediment portion of this layer is conjectured. This figure has been adapted, with 
minor interpretive revisions, from Case et al7. 
 
 

Ridge is not fully clear. Near the boundary there is a pattern 
of magnetic anomalies which are fairly shallow and are 
parallel to the boundary. These probably represent the mag-
netic expression of high-angle faults which are parallel to 
the boundary. The supra-crust sediment thickens dramati-
cally approaching the ridge51. For these reasons, and be-
cause there are Cretaceous-Paleogene  rocks  of apparent 

island-arc affinity from the western margin of the ridge, 
Donnelly13 suggested that the eastern margin of the Vene-
zuelan Basin is a zone at which basinal crust had been 
subducted beneath the Aves Ridge during the Cretaceous 
and Paleogene. 

One of the most important attributes of the Venezuelan 
Basin is the presence of a widespread seismic reflector 
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called horizon B". This reflector occurs between 0.5 to 1.5 
km depth, which is appropriate for normal ocean crust. The 
horizon is also a very efficient acoustic reflector, which is 
typical for basalt beneath sediment. However, the reflector 
appears to be far smoother in profile than typical oceanic 
crust. Horizon B" was found during deep-sea drilling (Leg 
15) to correspond with the upper surface of what was 
subsequently identified as a plateau basalt. 

The Venezuelan Basin shallows to the west; its western 
boundary is called the Beata Ridge, which is a highly 
asymmetric topographic feature with a steep western face 
and a very shallow eastern face. The western boundary is 
not a simple submerged cliff edge. Instead, there are several 
horsts and grabens parallel to the western edge, but located 
within 100 km of the ridge itself. 

Beata Ridge 
The Beata Ridge represents the western edge of the 

uptilted Venezuelan Basin and is somewhat accentuated by 
horsts and grabens running parallel to the western escarp-
ment. The ridge is the western boundary of a basalt escarp-
ment which shallows gradually to the faulted edge. The face 
of the ridge must contain the outcrop of horizon B", but this 
has not been directly observed. Fox and Heezen27 reported 
the dredging of basaltic rock at depths of 2500 to 3200 m on 
the western wall of the ridge; this must represent sub-B" 
basalt. This discovery parallels the recovery of basalt at 
DSDP Site 15120, on the crest of the ridge, at a depth of 2400 
m below sea level. The western face has slopes of 8° to 15°. 

Colombian Basin 
The Colombian Basin is narrower and topographically 

more complex than the Venezuelan Basin. On the east its 
boundary with the Beata Ridge is sharp and has the appear-
ance of a normal-faulted escarpment. On the west it is 
separated from the lower Nicaraguan Rise by the low Hess 
Escarpment. There is no apparent difference in crustal type 
between the Colombian Basin and the Nicaraguan Rise 
based on seismic information, and the reason for the fault 
boundary separating the two domains is not understood. 

The Colombian Basin is occupied in the centre and 
northern part by a wide and evidently thick turbidite plain 
which has hampered geophysical techniques and which 
would prevent drilling. On the southwestern end the basin 
terminates against a somewhat shallower (water depths shal-
lower than 3 km) deformed belt on the Caribbean side of 
Panama and Costa Rica. 

Nicaraguan Rise 
The shallow portions of the Nicaraguan Rise appear to 

be the offshore extensions of the continental structure of the 
Chortis Block (Honduras, southeastern Guatemala,  El Sal- 

vador, northern Nicaragua; see Burkart, chapter 15, this 
volume), which have a presumed Precambrian/Palaeozoic 
basement overlain by more or less thick Cretaceous and 
early Cenozoic sedimentary rocks. This crustal material is 
submerged over much of the northern part of the Nicaraguan 
Rise. The dominant topographic features of the northern 
Nicaraguan Rise are vast, shallow banks of young carbonate 
sediment evidently lying on continental crust. These banks 
are essentially unexplored, except for some exploratory, 
petroleum holes on the western margin that have encoun-
tered Eocene conglomerates and sandstones32. The nature 
of the buried boundary zone between the Nicaraguan Rise 
and the island of Jamaica remains totally enigmatic. 

The deeper portion of the Nicaraguan Rise is an up-
stepped extension of the Colombian Basin across the Hess 
Escarpment. A continuation of the B" horizon (defined for 
the Venezuelan Basin) west of this scarp was demonstrated 
by drilling at DSDP Site 152, in the eastern portion of the 
rise. The nature of the boundary between the clearly oceanic 
and plausibly continental portions of the rise is completely 
unknown. 

Cayman Trough  
The Cayman Trough is the deepest (at least two regions 

are deeper than 6 km) part of the entire Caribbean. It is 
bounded on the north and south sides by steep walls, which 
have the morphology of steep fault scarps, with a strong 
overall resemblance to a transform fault. However, all other 
known transform faults are interruptions of the mid-ocean 
ridge system, and no traces of such a ridge can be found on 
either side of the Cayman Trough. However, the pattern of 
earthquake distribution and the first motions of the stronger 
earthquakes reinforce the view that this trough does indeed 
have a transform origin. The seismicity extends along the 
northern wall westward from Cuba to the middle of the 
trough, then steps across the trough along anorth-south axial 
zone, and then continues westward on the south side of the 
trough. The first motions of the quakes along the northern 
and southern walls are right lateral, which is appropriate for 
a transform origin for this narrow basin. 

The bathymetry within the deep Cayman Trough is 
chaotic, apparently consisting of poorly defined north-south 
ridges, which are most conspicuous in the central (axial) part 
of the trough. The seismic axial zone corresponds with the 
shallowest (about 3.5 km) depths in the trough, deepening 

Figure 3.2. (Next page) Map of the Caribbean 
showing depth contours in km. The lowest con-
tours of closed basins are hachured. Turbidite 
plains are shown by a stipple pattern. 
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towards the flanks of the axial high. There are also some 
ridges and secondary troughs more or less parallel to the 
north and south walls of the Cayman Trough; these evi-
dently represent fault slices parallel to the major bounding 
strike-slip faults of the trough margin. 

Yucatan Basin 
The Yucatan Basin is smaller than the Venezuelan or 

Colombian Basins. It is slightly shallower in the southern 
half, where it merges with a poorly defined ridge on the 
north side of the Cayman Trough (Cayman Ridge). In the 
northern half of the basin, and mainly in the western part, it 
is floored with a large turbidite plain. The northern margin 
with Cuba is of indeterminate origin in most places, but is 
probably convergent in the northeast55. The margin on the 
western side, against Belize and Mexico, is steep and highly 
faulted. It has the appearance of a transform margin, possi-
bly related to the opening of the basin in a northnortheast-
southsouthwest direction and the northern movement of 
Cuba during the early Cenozoic. 

GEOPHYSICAL INVESTIGATIONS OF THE 
CARIBBEAN CRUST 

Introduction 
Water-covered portions of the Earth are not accessible 

to the sort of observations with which ‘classical’ geologists 
are familiar. The difficulty of making observations on an 
ocean floor itself (which averages nearly 4 km in depth) is 
actually the smallest part of the problem. The more serious 
part of the predicament is that the oceans are the site of 
continual sedimentation almost entirely unrelieved by epi-
sodes of erosion. Whereas continental and island areas are 
being continually subjected to erosive processes which strip 
off the younger cover and exposes older rocks from which 
geological deductions can be made, the ocean floor exposes 
virtually no rock or sediment which is not Holocene in age. 

Our understanding of oceanic geology only began in 
very recent years, when 'remote sensing' techniques be-
came available for detecting and defining the physical prop-
erties of these doubly hidden older rocks and sediments. 
These techniques, which mainly use acoustic sensing, are 
referred to as ‘geophysical surveying’. So successful have 
they been that they have virtually created a new field of 
geology in the last few decades: marine geology. The infor-
mation that they provided and the questions that they raised 
were followed in 1968 by deep-sea drilling, which has 
enabled geologists to obtain cores of sediment and igneous 
rock beneath the ocean floor, and thus to provide tangible 
proof of geophysical inferences. 

Because of its location and calm waters, the Caribbean  
 

 
was the site for the development and testing of many geo-
physical techniques. Thus, many of the geophysical surveys 
within the Caribbean were carried out at very early stages    
of their technical development, and the history of Caribbean 
marine geophysics is very nearly a history of marine geo-
physics itself. These early studies had the advantage of 
bringing to the geological world knowledge of the Carib-
bean crust at a very early time. The attendant disadvantages 
were that this information could not be placed in a world-              
wide context until surveys of other areas were made, and  
that techniques were commonly improved after their early 
Caribbean trials, but the improved techniques were infre-
quently applied at a later time to the Caribbean itself 

Bathymetry 
The earliest, and in many ways the most important, 

technique was simply the exercise of surveying the depths 
of water of the oceans ('bathymetry'). On land this is a 
simple exercise, and surveyors began producing numerous 
detailed topographic maps of the land surface in the mid 
1800s. The same exercise is very difficult in the oceans, 
where man cannot venture far beneath the surface, and 
where light cannot penetrate more than about 100 m in any 
case. The invention of the sonic depth finder in the 1920s 
introduced a method which was not immediately used for 
general surveys, but which produced detailed depth profiles 
along the tracks followed by ships, which tend to follow the 
same shortest-distance tracks between ports. It was not until 
the late 1930s that general surveys were attempted. The 
Caribbean was the site of one of the first surveys, and the 
contour map which was published in 1939 (U.S. Naval 
Oceanographic Chart of the Caribbean) was one of the first 
such maps in the entire world. The difficulties of persuading 
ship's captains to follow circuitous paths for surveying 
purposes were overcome in the Caribbean in part by Franklin 
Roosevelt's love of deep sea fishing. It is said that several of 
his fishing trips were used also for surveying, because the fish 
were as good in one place as another , and he didn't care 
where the ship went! 

Gravity 
Other early geophysical efforts in the Caribbean in-

cluded submarine gravity surveys using a technique devised 
by F.A. Vening Meinesz of the Netherlands. Until the late 
1950s, submarines had to be used for marine gravity surveys 
because the motion of the waves made surface ships unsuit-
able for a technique that requires a very quiet platform for 
the gravity meter. The major result of the surveys in the 
vicinity of the Caribbean was to show that the east-west 
trending gravity minimum of the Puerto Rico Trench, which 
has a large mass deficiency because the great depth of sea 
water  (which  is  less than half the density of oceanic sedi- 
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Figure 3.3. Map of the Caribbean crust showing thickness of the solid crust Contour interval 5 km. This is 
based mainly on the results of seismic refraction surveying. Redrawn from Case et al.7. 
 

ment and about a third that of crust), bends south and 
parallels the Lesser Antilles island arc. This mass deficiency 
is now explained as resulting from subduction of the Atlan-
tic crust beneath the Lesser Antilles. The subduction process 
drags (at the rate of only a few cm per year) a mass of 
sediment westward and downward beneath the Lesser An-
tilles. Compression of this sediment thickens and deforms 
the sediment mass, and part of the deformed sediment pile 
has been raised above the ocean as the island of Barbados. 
The surveyed axis of maximum mass deficiency passes very 
close to this island. 

Seismic Refraction 
The earliest geophysical technique which yielded 

geologically useful information within the Caribbean itself 
was two-ship seismic refraction. Following the develop-
ment of the seismic refraction technique in the western 
Atlantic in the later 1940s, mar ine geophysicists at Lament 
Geological Observatory and Woods Hole Oceanographic 
Institution turned their attention to the Caribbean and Gulf 
of Mexico. In the two-ship technique one ship remained 
stationary in the water with a sensitive hydrophone deployed 
and recorded the arrivals of sound pulses generated by the 
other as it steamed away (over distances of several hundred 
km) setting off large explosions of TNT in the water. At the 
end of its run the 'shooting' ship stopped dead in the water 
and deployed a similar hydrophone, becoming the recording 
ship as the first ship steamed towards the first, and became 
the shooting ship.  For each shot the time of explosion  is 

transmitted by radio and recorded on the same record on 
which the water transmitted pulses  are recorded. Thus the 
records show travel times of sonic phases, each of which has 
travelled through a different stratified acoustic medium (the 
shallowest layer is the ocean itself). If the media are of 
constant acoustic velocity and stratified such that velocity 
increases step-wise in a downward direction, a successful 
survey will enable geophysicists to calculate the depth of the 
top of each sediment or rock layer at the ends of the profile, 
as well as its seismic velocity. The two-ship seismic refrac-
tion technique was highly useful in obtaining gross crustal 
velocities and finding the depth to the MOHO (the acoustic 
horizon which separates the earth's crust from the mantle). 
The technique is much less useful for obtaining variations 
in velocity within  individual layers, and it is only marginally 
useful in obtaining velocities of the shallow pelagic sedi-
ment cover. 

This method was widely used from the late 1940s 
(when large quantities of surplus World War II explosives 
were available at no cost) until the 1960s. The improvement 
of acoustic systems which could detect much smaller signals 
(an air-gun using a large air compressor is used presently), 
plus geometrically elaborate hydrophone arrays which 
could be deployed from a single ship, have made the two-
ship method obsolete, but its results had a profound effect 
on the course of study of the ocean basins in general and in 
the Caribbean in particular. 
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 Seismic Reflection 
Another technique, which has become the most com-

monly employed, is seismic reflection. This technique is 
similar to refraction except that the shot point and sound 
detector are located nearly side by side. Thus, any sound 
received is reflected and not refracted. The reflection tech-
nique was developed mainly during the 1950s, although the 
first sub-bottom acoustic reflections had been recorded be-
fore World War II. The earlier applications were mainly in 
shallow water and used a variety of sound sources31. The 
application of the seismic profiling method to deep water26 
can be said to have been born in the Caribbean: the earliest 
published deep-sea seismic reflection profiles in the world 
are in the Yucatan Basin and Gulf of Mexico. 

The seismic -reflection technique became possible 
when repetitive sound sources with sufficient energy to 
penetrate the sea floor became available in the 1960s. The 
earliest sound sources were electrical sparks (which have 
low energy) and half-pound blocks of TNT, which are 
hazardous. The present sound source of choice is the air gun, 
which emits a pulse of sound every ten seconds or so while 
profiling. The returned sound reflections are sensed by a 
linear array (called a 'string') of receivers (hydrophones) 
whose relative position strengthens the sound signal coming 
from directly beneath the array and minimizes sound trav-
elling from other directions (such as the ship itself). The 
received sound is filtered to remove unwanted frequencies, 
particularly those resulting from the noise of the ship mov-
ing through the water. Recent applications of computer 
processing have resulted in the acquisition of seismic profile 
records of exceptional detail, and the rate of improvement 
of the technique is still rising. Modern computing tech-
niques are capable of displaying not only an image of the 
acoustically distinguishable layers beneath the sea floor, but 
can also provide seismic velocity and other sorts of acoustic 
information about individual layers. 

Whereas the objective of seismic refraction is determin-
ing the acoustic velocities and thicknesses of the relatively 
deep crustal layers, the seismic -reflection technique is most 
useful in depicting intricacies of the layering of the overly-
ing pelagic sediment cover. The earliest seismic profiling 
had as its objective only the imaging of sedimentary layer-
ing. However, the technique quickly evolved into a hybrid 
refraction/reflection method capable of measuring acoustic 
velocities, especially of the shallower layers. In this later 
version of the technique, a hydrophone and radio for trans -
mission of the received sound was attached to a float and 
left stationary in the water as the ship steamed away and 
continuing to emit sound pulses with an air gun. When the 
float was close to the sound source (that is, at the beginning 
of the run), the received sound was purely reflected. As the 
distance between the sound source  and  receiver  increased, 

 
 
the reflected sound took longer to arrive. The sound re-
flected from the sea floor and sub-bottom reflecting hori-
zons took increasingly longer to reach the hydrophone, and 
the trace of the reflectors on the recorder resembled hyper-
bolas. As the distance increased beyond a certain point, 
reflected sound was no longer detected, because of critical 
reflection (which is analogous with a familiar optical phe-
nomenon), and the received sound was entirely refracted. 
The utility of this technique is that it yields sediment layer 
velocities during a normal reflection profile. This technique 
was first known under the name 'sonobuoy' (which is the 
name for a disposable floating hydrophone-radio combina-
tion). The sonobuoy technique is especially valuable for 
obtaining acoustic velocities of the supra-crustal sediment, 
but it often reveals the acoustic velocity of the uppermost 
basement layers. 

The sonobuoy method has evolved more recently into 
a number of specialized techniques using arrays of hydro-
phones towed by the ship at varying distances from the 
sound source. The results of these new techniques are often 
described under the general and not highly descriptive term 
of 'seismic stratigraphy'. As detection devices (mainly to 
sort out faint sound signals from a high ambient noise level) 
and computational techniques have improved, the new tech-
niques now yield more information than was obtained dec -
ades ago with expensive and dangerous two-ship seismic 
refraction. 

The interpretation of sedimentary layering from seis-
mic reflection is a relatively new and rapidly evolving 
geological exercise. Sound reflections in layered sediments 
(or igneous rocks) result from contrasts in acoustic imped-
ance of the layers. Basically, acoustic impedance is the 
product of the density and acoustic velocity of the materials. 
In most cases acoustic impedance contrasts results from 
lithologic changes and thus record the stratigraphic layering 
directly. These changes may be dramatic (a basalt layer 
beneath pelagic ooze; a turbidite layer within pelagic ooze) 
or they may be more subtle (varying carbonate content in a 
pelagic ooze). The earlier surveys gave relatively crude 
results and identified only a few 'horizons', as the reflecting 
interfaces were known. More recent surveys display com-
plex layering with detailed velocity information. 

Magnetic Surveying 
The method of magnetic surveying is an additional 

technique which was pivotal in oceanic research in unrav-
eling the complexities of sea-floor spreading, but which has 
yielded very little useful information on the Caribbean crust. 
This technique employs a sensor which detects differing 
intensities of the ambient magnetic field ('magnetometer'). 
This sensor has to be towed far behind a ship, because the 
magnetic  field  of  the  ship  would  interfere with the survey. 
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Figure 3.4. Map of the Caribbean showing small topographic lineaments (solid lines) and small scarps (solid        
lines with hachure marks on the downthrown side) mapped on the sea floor. This map is adapted from Case and 
Holcombe6. The location of the earthquake studied by Kafka and Weidener37 is shown by the letter 'E'. The line-   
aments are interpreted as neotectonic responses to the continuing internal deformation of the Caribbean plate. In      
the Venezuelan Basin they parallel the magnetic anomaly pattern (not shown), and the isopachs of sediments of       
the B"-A" interval as well as the post-A" interval19. The existence of recognizable lineaments on the turbidite          
plains emphasizes the young age of these small tectonic features. 

 
 
Alternatively, the sensor can be mounted in or behind an 
airplane. (Few people remember that the famous Reykjanes 
Ridge survey in the early 1960s was made with an air-borne 
magnetometer flown a few hundred feet above the ocean 
surface). The magnetic intensity in the main ocean was 
found to consist of the ambient Earth's field with either a 
small addition or subtraction caused by oceanic crust per-
manently magnetized either parallel or anti-parallel to the 
earth's field axis (a so-called reversal). The spatial pattern 
of these reversals was found to correlate with the temporal 
history of reversals of the Earth's field, which was the major 
conceptual hurdle to deciphering the story of sea-floor 
spreading. 

REGIONAL GEOPHYSICAL CHARACTER OF 
THE CARIBBEAN 

The following account summarizes knowledge of the Car -
ibbean crust and pelagic sediment cover made initially 
through seismic refraction and reflection techniques, which 
was later refined with the results of deep-sea drilling. Be-
cause I will concentrate on the Caribbean crust itself, I will 
omit several excellent papers covering the borderlands40,60, as 
well as most of the material in Biju Duval et al.2 ,Ladd et 
al.44 and  Ladd and Watkins42. 

 
Venezuelan, Colombian and Yucatan Basins  
The Early Years 

Refraction surveys in the Caribbean have provided the 
most important geophysical evidence bearing on the prob-  
lem of the origin and nature of the Caribbean crust. It is 
difficult to realize that all of the published surveys were 
undertaken in the interval of only a few years. (Two earlier 
refraction lines by Sutton in the Venezuelan Basin have 
evidently not been published, in spite of references suggesting 
the contrary.) Ironically, the first published Caribbean 
seismic refraction line (executed in 1953), which was in the 
Yucatan Basin, remains the only line in this basin to the 
present date! In 1955 there were separate surveys in the 
Venezuelan50 and Colombian Basins, Nicaraguan Rise, and 
Cayman Trough23,24. In 1956 there was a further survey in   
the Venezuelan Basin51, and in 1957 another survey along  
the South American borderland and across the Beata Ridge     
and eastern Colombian Basin18. These were the last two-ship 
seismic refraction profiles obtained in this area, but the density 
of refraction information remains one of the highest for the 
entire world ocean. 

Edgar et a/.18 presented the final results of this tech-
nique and summarized the state of knowledge (mainly thick-
ness of crust) obtained from these methods. The most 
startling revelation is that the crust of the Caribbean is 
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oceanic  in character, but much thicker than 'normal' oceanic 
crust (Fig. 3.3). Whereas normal oceanic crust has a thick-
ness of about 5-6 km (which, along with 0.5 to 1 km of 
sediment cover, means a depth to the MOHO (lower bound-
ary of the crust) of about 6-7 km), in the Caribbean this depth 
was commonly greater than 10 km and in the Beata Ridge 
areaabout20kmdeep. Officer et a/.50 speculated that "...the 
entire Caribbean area may have been extensively intruded 
by large bodies of primary basalt magma...". This was one 
of the most prescient and significant discoveries in the 
history of Caribbean geology. 

Ewing et a/.25 summarized several years of early seis-
mic reflection profiling in the Caribbean and recognized two 
prominent reflection horizons. They named these the A" and 
B" horizons; the identification and elucidation of these have 
subsequently been pivotal in Caribbean marine geological 
and geophysical research. The A" horizon was a persistent 
and widespread acoustic reflector which was located at 
about half the total thickness of the sediment layer, and the 
B" horizon was the acoustic basement. After the initial 
description of these reflectors, their explanation became a 
major problem of Caribbean marine geology. The A" reflec-
tor obviously represented an important lithological break 
between two contrasting sediment types, but several plausi-
ble sedimentary contrasts might yield similar reflectors, and 
the acoustic record could not choose among the possibilities. 
The B" horizon resembled 'normal' oceanic crust in that it 
is several hundred metres below the sea floor and is a highly 
efficient reflector, letting very little sound through. How-
ever, it was far smoother in profile than normal oceanic 
crust, which has a characteristic hummocky appearance. 
Almost from its first appearance on seismic profiles it was 
considered to be something other than normal oceanic crust.  

 
Deep Sea Drilling Project 

The development of the seismic profiling technique 
came fortunately only a few years before the initiation of the 
Deep Sea Drilling Project, which is arguably the single most 
important geological research project in this century. One 
of the first aims of the project was the identification through 
recovery by drilling of the lithologies which corresponded 
to the reflection horizons found in seismic reflection profil-
ing. In the Caribbean there were two drilling legs (Leg 4, 
February-March, 1969; Leg 15, November 1970-January 
1971) devoted in part (Leg 4) and completely (Leg 15) to 
the Caribbean (Fig. 3.la). A later site (DSDP Site 502, Leg 
68, August 1979), in the Colombian Basin, was drilled in 
part as a follow-up of a hole drilled during Leg 15 and also 
as the refinement of a new drilling technique. I will discuss 
only the five holes (all on Leg 15) that penetrated the 
sediment cover and reached the basement of the Caribbean 
crust. 
     One of the first discoveries of drilling on Leg 4 was that 

Ewing's horizon A" was found to be Middle Eocene cherts 
at the top of a sedimentary sequence rich in radiolaria. 
Horizon B" was identified on Leg 15 as the top of a wide-
spread basalt sequence of late Turonian (in the east) to early 
Campanian (west) age. The main aim of Caribbean marine 
geophysical investigations since Leg 15 has been to inves-
tigate the implications of the B" horizon, which was recog-
nized immediately as not representing normal oceanic crust.  
 
Modern Geophysical Surveying 

Subsequent marine geophysical investigations have re-
flected changing techniques in seismic surveying. There 
have been three notable sonobuoy studies in the Caribbean. 
Ludwig et al.46 presented the results of a 1970 cruise in the 
Colombian and Venezuelan Basins, showing that the sedi-
ment and crustal acoustic velocities along this east-west line 
matched the velocities of the drilled materials recovered at 
DSDP Sites 146 and 151 (Leg 15). Later cruises in the 
Colombian Basin36 and southern Venezuelan Basin62 em-
phasized seismic reflection, but included extensive 
sonobuoy observations. These cruises showed that the 
acoustic velocities of the Caribbean crust and supra-crustal 
sediments were more variable than suggested by the results 
of Ludwig et al.46 

There also exists an extensive body of recent studies 
which have employed seismic reflection profiling to image 
the sediment layering, and from which important geological 
inferences could be drawn through construction of isopach 
maps and similar techniques. Edgar et al19 presented a 
profiler study of the Venezuelan Basin, for which a more 
complete data set was published by Matthews and Hoi-
combe47. Recognition of the A" and B" horizons enabled 
the thicknesses of the post-A" and A"-B" intervals to be 
determined rapidly, so that they could be plotted along the 
lines of the seismic profiles. These profile records showed 
that the thickness of these two sediment layers changed 
abruptly along the survey lines. 

Variable thicknesses of these layers can be interpreted 
in several ways. First, there might have been an original 
difference in sedimentation rate (rate of production of bio-
logical sediment; rate of accumulation of fine-grained clas-
tic sediment from the land areas). However , these 
differences are not expected to be abrupt along a given line. 
A second possibility is that the differences in sediment layer 
thickness record subsequent erosion in response to bottom 
currents. These are referred to as hiatuses in sedimentation. 
Evidence that this has been the case is found in drilled 
sediment sections in the southern Venezuelan Basin (espe-
cially site 150, Leg 15, which found several stratigraphic 
hiatuses). These, however, are not expected to be abrupt 
along a line. Third, vertical faulting during sedimentation 
might result in erosion of the sediment cover over the up-
thrown fault block, as  a  result  of  sediment  erosion  caused 
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Figure 3.5. Cartoon sketch of east-west cross section of the Caribbean showing the inferred cross-section of the  
Caribbean Cretaceous basalt province, based largely on the information of Figure 3.3. The lower boundary of this      
plateau basalt merges imperceptibly with the normal oceanic crust. The change of thickness in an east-west direc-            
tion is inferred from seismic refraction measurements of the depth to the MOHO (mantle). The small triangular        
features on the surface of the basalt plateau in the east are volcano-like mounds. 

 
by increased bottom-water velocities over the up-thrown 
block. The change of thickness in a sediment layer might be 
quite abrupt across the line of the fault. Evidence that this 
had been the case was shown by Edgar et al19 , who dem-
onstrated that sediment thicknesses (represented as 
isopachs, that is, contours of equal thickness for a given 
acoustically-defined sediment layer) thinned abruptly in 
either a northeast-southwest or a northwest-southeast direc-
tion. Minor topographic lineaments of these orientation can 
be seen in the present sea floor (Fig. 3.4), which evidently 
indicates that this faulting continues to the present time.  

More recent sedimentary profiling observations have 
focused mainly on seismic stratigraphy techniques, and 
include the results of Ladd and Watkins43 in the Venezuelan 
Basin; Diebold et al.10 in the southeastern Venezuelan Basin 
(which employed an elaborate two-ship 'expanded profile’ 
method somewhat similar to the old two-ship refraction 
technique, but in which the ships cruise exactly away from 
each other simultaneously); Stoffa et al.61 in the western 
Venezuelan Basin; and Lu and McMillen45 in the southern 
Colombian Basin. Diebold et a/.10 resurveyed  sites  of  four 

of the sonobuoy stations of Talwani et al.62, thus allowing 
a useful comparison between techniques. Ladd and Wat-
kins43 presented some velocities obtained by seismic strati-
graphic techniques. Lu and McMillen45 added some 
velocities in the western Colombian Basin. The implication 
of these most recent surveys is that the lithologies of the 
sediments are more heterogeneous geographically (as well 
as stratigraphically) than had been presumed. Until further 
deep-sea drilling is undertaken we will not understand the 
meaning of these heterogeneities. 

Ladd et al.44 and Ladd and Watkins42 presented pro-
files of the northern and southern boundaries of the Vene-
zuelan Basin which showed that the floor was being 
subducted beneath the Greater Antilles and South America, 
respectively, a conclusion also reached by Talwani et al62. 
Biju Duval et al2 presented profiles of the Venezuelan 
Basin, as well as the Aves Ridge and Grenada Basin. Al-
though one could conclude that there has been eastward-dip-
ping subduction of the Venezuelan Basin floor beneath the 
Aves Ridge, the seismic evidence for this is not clear. The 
Grenada Basin, which is a deep basin between the Lesser  
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Antilles and the Aves Ridge in the southeast comer of the 
Caribbean, remains enigmatic and in need of modern sur-
veying techniques. It may be a 'pull apart' basin, as sug-
gested by its thick sediment fill. 

Bowland and Rosencrantz4 presented profiles of the 
western Colombian Basin with rock units identified, but, in 
the absence of velocity or similar information, the identifi-
cations are problematic. Similarly, Rosencrantz55 presented 
detailed profiles of the Yucatan Basin, again lacking velocity 
information. Because these latter areas have not been 
drilled, even the approximate ages and lithologies of the 
layers are unknown, and the age and nature of the basement 
is elusive. The thickness of supra-basement sediment is 
much thicker in the Colombian Basin than in the Venezuelan 
Basin. Part of the explanation probably lies in greater depo-
sition of pelagic carbonate-rich sediment during the late 
Cretaceous and early Tertiary, but an additional part of this 
thickness might be clastic debris shed from Central Ameri-
can as it rose during the late Miocene to Recent. 

 
Cayman Trough 

The Cayman Trough is a special portion of the Carib-
bean crust which has been the focus of studies aimed at an 
understanding of this very deep, linear trough. Bowin3  

summarized the results of his gravity observations with the 
earlier seismic refraction results of Ewing et al.23 to produce 
a structural model of the trough, finding, among other 
things, that a thin crust and correspondingly shallow MOHO 
required by isostatic compensation is indeed found in the 
axis of this trough. Heat flow values22 were found to be high 
compared with average world-wide oceanic values (which 
average 1.6 x 10-6 cal cm-2 s-1), suggesting young oceanic  
crust. A major breakthrough came with a paper by Hol-         
combe et al.34, who showed that the axial topography, and 
especially the exponential deepening away from a shallow 
axial zone, led to the conclusion that this trough was the site  
of modem sea-floor spreading. Holcombe and Sharman33  

and Rosencrantz and Sclater57 refined these observations 
and showed a complex spreading pattern. 

There is little doubt that the Cayman Trough represents 
more or less normal, but very thin, oceanic crust formed at 
an abnormally great water depth in a narrow basin. Dredged 
rocks 8 include a disproportionate fraction  of  gabbros,  sug- 

gesting either a somewhat abnormal crustal section or the 
vagaries of dredging in a topographically restricted and 
complex place. If the crustal layers were horizontal and 
uncomplicated, it would be concluded that the diving results 
show a very thin basalt layer above gabbro. However, the 
recovered rocks probably are from faulted slivers and do not 
represent simple horizontal layering. While the Holocene 
age and Neogene opening of the trough has not been in 
serious doubt since the original exposition by Holcombe et 
a/.34, the total history of opening remains undetermined. 

The central zone, extending about 150 km either side of 
an axial high (for a total width of about a third of the entire 
trough) deepens exponentially on either side of the axial 
high. Holcombe et al.34 fitted thermal subsidence models to 
the bathymetry and concluded that the best fit of these two 
curves implies a total spreading rate of 2.2 cm yr-1. A 
problem is that the depth at the mid-trough ridge is about  
3.5 km, which is about 1 km deeper than normal mid-ocean 
ridges. The narrowness of the Cayman Trough implies that 
the heat loss must be accommodated in lateral as well as 
vertical dissipation, allowing a probably higher loss rate and 
higher subsidence (that is, greater water depth over the ridge 
axis). However, the applicability of a modified mid-ocean 
model is necessarily somewhat in doubt under these extreme 
conditions. 

Rosencrantz et al.56 have presented the most refined 
model for the opening of the Cayman Trough to date. They 
propose four ridge positions since marine magnetic anomaly  
20 (middle Eocene) and three ridge jumps to the present 
position. The magnetic data is much less convincing than for 
most other ridge systems, including several large anoma-        
lies that are disregarded in their analysis. Heat flow values 
along the trough do not show the expected exponential 
decay trends. While the overall conclusion of Neogene 
spreading transverse to a spreading axis is convincing, 
largely on purely bathymetric grounds, further inferences 
about earlier spreading histories, with several ridge jumps, 
are not so convincing. The age of opening of the trough and 
the history of opening rates remains enigmatic. Geological 
problems with a 1000 km opening during the Eocene and 
extending westward to Guatemala have been discussed by 
Donnelly13,15, who suggested that much of the opening 
might have taken  place  concomitant  with  internal  spreading 

Figure 3.6. (Next page) Magnetic total intensity profiles across features of the Caribbean. (A) DSDP Site 145, 
northern Venezuelan Basin (from Raff54). (B) Air-borne magnetic profile of the southern peninsula of Haiti 
showing magnetic signature of the Dumisseau Formation. Computed and plotted from original project MAGNET 
records. Both profiles show the distinctive pattern of remnant magnetization with a nearly horizontal vector, 
which is characteristic of the mid-late Cretaceous magmatic bodies in the Caribbean. 
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of the Chortis block. 

 
CHARACTER OF THE CARIBBEAN CRUST 

 
As recently as 1954, the Caribbean was considered by some to 
be continental crust converted to oceanic in relatively 
young geological time65. Ironically the first seismic refract-
tion observations in the Caribbean had already been made; 
these showed definitively that the crust of the Caribbean was 
undoubtedly oceanic 23,30,51.  However, these same surveys 
also showed that the oceanic crust was abnormally thick for 
much of the Caribbean, an observation that was not fully 
appreciated until later drilling. 

One of the most important results of DSDP Leg 15 was 
the discovery of late Cretaceous basalt in five drill holes in 
the central Caribbean20. This material was quickly identified 
to be of the same age and character as numerous basalt 
occurrences on land areas surrounding the Caribbean, and 
the Caribbean was identified as the site of widespread 
‘flood’ basalt eruptions11,17. 
 
Geophysical character of the Caribbean crust 

Ewing et al25 designated the deeper of two seismic 
reflection horizons in the Venezuelan Basin as B", which 
they compared to the previously-named horizons B in the 
Atlantic and B' in the Pacific. Horizon B" appeared to be far 
smoother than oceanic crust and it was not interpreted as this 
material. The material underlying this horizon was the crus- 
tal material found in earlier seismic refraction sur-
veys23,50,51. The occurrence of the basalt drilled during Leg      
15 matched seismic refraction survey results18, in which a 
crustal or quasi-crustal material with velocities greater than   
5 km s-1 occurred at this level. Thus, the top of the abnor-
mally thick Caribbean crust was identified. 

During DSDP Leg 15, horizon B" was penetrated in five 
drillholes (the deepest only 16 m into the basement) and the 
material which provided the large acoustic impedance con-
trast for the seismic horizon was found to be basalt and 
dolerite20. Unlike the normal basalt of the sea floor, this was 
somewhat coarse-grained and not pillowed. Furthermore, 
there was no iron-enriched sediment above the basalt, an 
observation not fully appreciated at the time because so few 
penetrations to the crust had been made by the end of 1970.  
In two sites the basalt included limestone inclusions, and the 
interpretation made on board the ship was that the basalt had 
been emplaced as shallow sills in pelagic sediment. The age  
of the sediment immediately above the basalt was latest 
Turonian in three localities (DSDP Sites 146,150,153), that 
age or slightly younger at DSDP Site 151, at which recovery 
had been poor, and early Campanian in the westernmost 
DSDP Site (152).  Thus,  there  was  a  suggestion  that magma- 

tism at the eastern sites ended contemporaneously, but con-
tinued for an additional few million years in the west. 

Ludwig et al.46, whose sonobuoy survey line passed   
close to drilled site 146 (coincidentally their sonobuoy 
station 146 was closest to this drill site), found that the total 
crustal thickness was shallower in the east and not very 
different from normal ocean crust. Conversely, workers in the 
western Venezuelan Basin and Colombian Basin36,61 have 
continued to point out the great thickness of the crust there. It 
is now appreciated (Fig. 3.5) from a variety of observations 
that the excessive thickness of the Caribbean crust diminishes 
to the east. 

The smoothness of the B" horizon in profile had been 
emphasized in the earlier papers. Later refinements (higher 
source energy, improved signal to noise ratio) in the seismic 
profiling technique have revealed a rougher texture than was 
formerly apparent. Relatively modern surveys have found 
small reflection hyperbolas on B", showing some topography 
on the layer. (Unfortunately, Talwani et al.62 penned these in 
heavily on their profiles, thus robbing their readers of the 
opportunity of making this judgment for themselves.) 
Nevertheless, the contrast between fairly smooth B" and 
typical, rough, oceanic crust remains apparent throughout the 
surveyed areas. From this it is concluded that the basalt was 
erupted either in sheets which spread great distances ('flood 
basalts') or which intruded the shallow pelagic sediments 
which covered the basin floor. The density of liquid basalt 
(around 2.9 g cm-3) is much higher than water -rich pelagic 
sediment (density about 1.5 g cm-3, but variable). It would be 
physically impossible for a dense liquid to rise through a 
low-density, strengthless sediment layer. Thus, erupting 
basalt in a basin floored with pelagic sediment would have to 
be intrusive. 

One interesting feature of the B" horizon is the occur-
rence of a few buried sea mounts in the northern Venezuelan 
Basin. One of these was to have been drilled by the DSDP 
(site 145), but the drilling was aborted because of mechanical 
problems. This site has the magnetic signature of basalt of the 
age of the recovered B" material; that is, it shows a strong 
permanent magnetization with a low-inclination 
(Cretaceous) vector54 (Fig. 3.6a). The magnetization profile is 
similar to that seen in the on-land Dumisseau basalt of Haiti 
(Fig. 3.6b), which has been interpreted as an obducted fragment 
of the Caribbean crust49. Similar sea mounts are shown as 
circular low-thickness isopachs of the sediment layer between 
B" and A" in the maps of Edgar et al.19 and Matthews and 
Holcombe47. The clearest seismic reflection record of one of 
these sea mounts is shown by Ladd and Watkins43 (their 
figure 4, line VB-3-NB). The size (about 15 km across) of 
this mound and its morphology (height about 750 m, slopes 
about 5°) agree well with a volcano. The failure to drill 
DSDP Site 145 remains a sad memory. 
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Figure 3.7. Graphs relating the carbonate content of drilled sediments in the B"-A" interval of three Caribbean  
DSDP Leg 15 sites 20. (A) (top) Site 146, showing a decline of carbonate upwards in the late Cretaceous, reaching 
zero at the lower boundary of the Cenozoic. (B) (bottom) Site 152, showing high carbonate contents throughout.    
(C) (opposite, top) Site 153, showing a thinned Cenozoic section with scattered high and low carbonate contents. 
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In the Colombian Basin the identification of B", or 

acoustic basement, has been more difficult. Instead of a very 
smooth reflector, commonly the reflecting horizon is rough, 
or highly faulted, or too deeply buried to register clearly on 
reflection profiles. One of the drill sites (DSDP Site 152) 
penetrated the B" horizon in the foot of the eastern Nicara-
guan Rise close to its boundary with the Colombian abyssal 
plain. Unfortunately, this leaves virtually all of the remain-
ing Colombian Basin and lower Nicaraguan Rise with no 
proof that the basement reflector represents the same basalt 
horizon as was found in the Venezuelan Basin. However, 
Bowland and Rosencrantz4 extended the designation of this 
horizon throughout the western Colombian Basin. 

Seismic refraction results show that the entire crustal 
section is thicker in the Colombian Basin than in the Vene-
zuelan Basin. Figure 3.5 shows that the crust of the entire 
Colombian Basin-Beata Ridge area (including the plateau 
basalt) exceeds 15 km, and in the western Colombian Basin 
thickens to beyond 25 km at about the point where the 
superincumbent sediment begins to thicken sharply (see Lu 
and McMillen45, Fig. 7, for sediment thickness). 

The crust of the Yucatan Basin has   not  been  identified. 
Ewing et al.23 showed, in an end-to-end seismic refraction 
profile, that it has the velocities of and a thickness only 
slightly greater than typical oceanic crust. Rosencrantz55 

stated that the basement seismic reflection is smoother than 
that of typical ocean floor and suggested that it might be 
similar to B" of the Venezuelan and Colombian Basins. Hall 
and Yeung29 interpreted heat flow values21,22 as consistent 
with a late Cretaceous crust.  They  also  presented an inter- 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
pretation of magnetic anomalies consistent with this age and 
suggested an age of opening as late Cretaceous to Paleogene. 
Rosencrantz55 presented a tectonic model which would 
have produced magnetic anomalies at approximately right 
angles to those of Ha ll and Yeung, which emphasizes the 
difficulty of mapping the faint magnetic lineations in this 
basin. 

Magnetic anomalies and structural lineaments in the 
Venezuelan Basin 

The discovery of magnetic anomalies in the Venezue-
lan Basin12 led several workers to interpret these as sea-floor 
spreading anomalies. Ghosh et al.28 found a symmetry in 
the anomaly pattern and fitted them to a sea-floor spreading 
sequence of Jurassic to early Cretaceous age. The symmetry 
of the anomaly lines and the excellence of the fit is not as 
apparent to many workers as it evidently is to these authors. 
Also, there are serious problems with their interpretation. 
The inferred spreading rate (about 1 cm yr -1) is about half 
the inter-American divergence rate for this period and an 
addit ional spreading centre to make up this deficit has not 
been identified. Also, at least one of the original anomalies 
was inferred, on the basis of its similar magnitude at differ-
ent elevations (3 km elevation (air-borne) and sea surface) 
to come from a source too deep to correspond to the Carib-
bean crust12. For example, the sea-floor spreading anoma-
lies across the mid-Atlantic Ridge are rarely visible in 3 km 
air-borne surveys of the same project, except for the strong 
axial anomaly. 

An additional observation which causes difficulty for a 
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simple sea-floor spreading explanation for the magnetic 
anomalies is the parallelism between the anomalies and the 
conjugate northeast-southwest and northwest-southeast 
structural pattern seen in the topographic lineaments (Fig. 
3.4) as well as the isopach maps mentioned above. This 
pattern is aneotectonic record of modern deformation of the 
plate. Burke et al.5 likened this pattern to a 'Prandtl cell'; 
that is, a plastic body deformed by being squeezed on three 
sides and being allowed to extrude in the direction of the 
fourth side. Thus, the lineaments are a conjugate set of small 
strike-slip faults within the deforming body. They suggested 
that the lineament pattern resulted from the Caribbean crust 
spreading eastward. Kafka and Weidner37 studied an earth-
quake (MB 4.7, depth 18 km, 14th August, 1972) within the 
plate and found a first motion corresponding to sinistral 
movement on a northwest-southeast lineament. They said 
that this contradicted the sense of motion postulated by 
Burke et al5, but stated that perhaps an earlier fault had been 
reactivated by modern east-west compression and is now 
undergoing a re verse sense of motion. Figure 3.4 shows the 
proximity of the earthquake to an appropriate (northwest-
southeast) linear element of the surface lineament pattern. 

The surface lineament pattern is also parallel to sedi-
ment isopach contours shown by both Edgar et al.19 and 
Matthews and Holcombe 47. Both of these papers referred to 
the same data set, but the latter paper displays the isopachs 
over a larger area. These isopach contours show that both 
the pre-A" and post-A" sediment (that is, 85-50 Myr and 
50*0 Myr ago). Thus, during the last 85 Myr, the Venezuelan 
Basin has been riven by faults which apparently remain 
active today. There is little doubt that the lineament pattern 
results from deformation similar to the 'Prandtl cell' model 
of Burke et al.5. Because the grain of the magnetic anomaly 
pattern is parallel to these faults, I consider that these mag-
netic anomalies most probably originate subsequent to the 
formation of the crust and do not represent sea-floor spread-
ing anomalies. 

The origin of the magnetic anomalies is still enigmatic. 
Their apparent depth (based on a faulted slab or reversed 
polarity block model) still poses a major problem. The 
magnitude of the anomalies (100 to 200 gammas) makes it 
difficult to find an appropriate faulted-slab model that will 
explain them, considering that they would have to lie at a 
depth well below B". They may result from another phe-
nomenon, with a different model signature. A possibility is 
a dyke swarm orientated to one or the other of the fault 
directions of the conjugate set found in the Venezuelan 
Basin. The notion that they are older crust (late Jurassic?) 
buried beneath a kilometre or more of late Cretaceous basalt 
seems unsupportable.  

Sub-B" acoustic reflections and the physical character 
of the plateau basalt 

Hopkins35 reported a faint seismic reflection beneath 
B". Saunders et al 58, in the same volume, reported addi-
tional examples, but Stoffa et al.61 dismissed one of these as 
a multiple internal reflection. However, Stoffa et a/.61, 
Ladd and Watkins43 and Biju Duval et al.2 have all reported 
these reflections and there is little doubt that they exist. The 
reported reflections all have a low dip (if they were parallel 
to B" it is doubtful that they would have been noticed), but 
not in a consistent direction. Most of these reports come 
from the southwestern Venezuelan Basin and the dips are to 
the south or to the north, with a minor eastward component. 
The depths of the reflectors are variable, ranging from very 
close to B” to about 0.5 s (2.5 km at 5 km s"1) beneath B". 
Although there must be a contrast in acoustic impedance in 
order to have a reflector, there is no clear lithological expla-
nation for this contrast. Buried sediments are possible, but 
layered hyaloclastics are equally plausible, and a textual 
change in layered basalt itself cannot be dismissed. 

Additional evidence for the character of the sub-B" may 
be inferred from the velocity structure of the entire supra-
MOHO section. Earlier two-ship seismic refraction veloci-
ties showed velocities between 6 and 7 km s-1 for deeper 
parts of this layer, but these velocities are themselves not 
very revealing. Diebold et al.10 have shown velocity profiles 
that are not unlike oceanic crust, but with widely differing 
thicknesses of layers. More intriguing are the lower (4-5 km s-

1) velocities found by Ludwig et al.46 in the shallower 
portion of the basement, especially in the central Venezue-
lan Basin. The depth of these layers places them squarely in 
the depth range of sub-B" materials, but the velocities seem 
too low to match the drilled materials recovered in Leg 15. 
They could be hyaloclastic basalt or they could represent 
included sedimentary layers within the upper part of the 
sub-B" layer. The normal oceanic crust has similarly low 
velocities near the ridge crest where cementation has not yet 
filled in the velocity-lowering fractures which are abundant 
in young basalt. Nowhere in oceanic crust of Cretaceous age 
elsewhere in the world is there a clear counterpart of these 
velocities and the identification of this lower -velocity ma-
terial must await future drilling. 

Lithological and petrological character of the plateau 
basalt 

Our knowledge of the sub-B" material comes not only 
from five shallow drill penetrations, but from extensive 
occurrences of correlative obducted ophiolite. One of the 
unusual features of the Caribbean is the widespread occur-
rences of basaltic (=ophiolitic) complexes of Cretaceous age 
found on land in the general tectonic context of thrust sheets 
with more or less  abundant  serpentine.  These are summa- 
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rized in Donnelly et al.16. These have the appropriate age, 
lithology, and associated sedimentary rocks to make their 
identification with sub-B" material inescapable. The identi-
fication of the sub-B" material in the Venezuelan Basin by 
its relationship with obducted ophiolitic material (which is 
especially clear in Curasao, Aruba, Venezuela and His-
paniola, and slightly less so in Puerto Rico and Trinidad) 
can be extended westward to land areas adjacent to the 
western basins, even though the westernmost drilled occur-
rence of this material is far removed to the northeast (DSDP 
site 152 on the eastern lower Nicaraguan Rise). The finest 
exposures in the west of this basaltic material are in Costa 
Rica, but extensive outcrops can be found also in Panama, 
Colombia and Jamaica. Similar material, of similar age, is 
found in Guatemala and Cuba; its identification with any of 
the presently named Caribbean basins would be highly 
certain except for the fact that the Chortis Block (continental 
crust of Honduras and adjacent regions) now intervenes 
between these northern outcrops and the bulk of the southern 
occurrences. 

Prior to the drilling of Leg 15 it was not apparent what 
these vast on-land basalt-serpentine masses signified. A 
major result of the drilling was to show the unity of the entire 
assemblage as a vast Caribbean flood basalt province11. The 
stratigraphic level of the supra-basalt sediments on the land 
correlates with, as nearly as complex structural environ-
ments allow, the stratigraphic level found for the termina-
tion of the event in basinal occurrences. 

These on-land occurrences are dominantly pillow ba-
salt, but include massive basalt, as well as locally thick 
hyaloclastic beds. The availablity of on-land examples has 
enabled the study of these rocks in far greater detail than if 
research was confined to the recovered materials in five drill 
holes. An account of the petrology of this basalt complex 
was given in Donnelly et al.16 . In summary, this basalt is 
thick (1 OOs of m or a few km) in on-land occurrences. Most 
of the basalt has the chemical (major and minor elements) 
attributes of normal, ridge-generated sea-floor basalt (mid-
ocean ridge basalt or 'MORB'), but one of the drilled (DSDP 
Site 151, Beata Ridge) and several on-land (Hispaniola, 
Costa Rica) occurrences are of a basalt enriched in the 
incompatible elements, including the light rare earths. Near 
the base at one locality (Curasao) and possibly in the same 
stratigraphic position at an isolated, insular site off the west 
coast of Colombia is a picritic basalt (called 'komatiite' at 
the latter locality) which has a high magnesium content 
unparalleled among Phanerozoic basalts. Similar, but 
slightly less magnesian, basalts are found in Costa Rica 
This high-Mg basalt has a special significance. Basaltic 
melts of this composition require a high degree of melting 
and are erupted at particularly high temperatures. They were 
erupted abundantly during the Archaen, but are  virtually 

 
absent from Phanerozoic terrains. Their appearance in 
the Caribbean indicates that the melting within the 
mantle acheived a very high temperature which implies 
a vast amount of excess heat at depth. 

It is safe to conclude, on the basis of seismic 
reflection, drilled occurrences and obducted mafic 
igneous complexes, that the entire Caribbean Cretaceous 
basalt province once occupied nearly the entire 
Venezuelan Basin, Beata Ridge and Colombian Basin, 
extending an unknown distance onto the Nicaraguan 
Rise. A possible northern extension or equivalent has 
remains on Cuba and Guatemala 

Conclusions regarding the plateau basalt 
Donnelly11,13 concluded that the sub-B" layer of the 

Caribbean represents a flood basalt province of vast original 
size (possibly about 1.2 km2), ranking it among the world's 
great Phanerozoic flood-basalt provinces. The age of termi-
nation of this event was about 85 Myr in the east and was 
apparently younger, but not well-defined, in the west. In 
Costa Rica, where the western equivalents are best exposed 
on land, there seems to have been a severe decrease in 
eruptive activity in the early Campanian, but minor magma-
tism continued to the Paleogene. Nowhere on land is there a 
clear indication of the beginning of the event. Late middle 
Albian ammonites have been found within the basalt on 
Curacao64, which remains one of the firmest dates within 
the eruptive dates itself. There are numerous finds of am-
monites, radiolarians and foraminifers16 in sedimentary 
rocks which are arguably related to some stage of the erup-
tive history for on-land occurrences, but in most cases some 
doubts can be raised that thes e do not place a firm age 
constraint on the associated basalts. 

One of the major elusive questions is the age at which 
basaltic magmatism began in the Caribbean. The well-ex-
posed and well-studied rocks of Costa Rica appear to pro-
vide important evidence. In the Nicoya Complex of western 
Costa Rica a radiolarian chert sequence appears to lie be-
neath the upper Nicoya complex (which is equivalent to the 
basinal basalt) and the lower Nicoya basaltic complex. 
However, even this excellently exposed sequence places 
surprisingly few constraints on the basalt eruptive history, 
because many, and perhaps all, of the contacts with the lower 
complex are probably intrusive. The lower complex has 
been considered to be older than the chert, whose earliest 
age is Callovian or older. However, the lower complex is 
dominantly intrusive and could even be interpreted as a 
coeval intrusive equivalent of the upper complex. Dozens 
of geologists labouring for several decades have not been 
able to solve the problem of the ages of the upper and lower 
complex. 

Thus, several major questions remain unanswered. 
What is the thickness and volume of erupted material? At 
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what age did the enq>tion begin? What was the average and 
maximum rate of eruption (cubic kilometres per million 
years, or some other measure)? Is there clearly defined older 
crust beneath the basalt event elsewhere in the Caribbean? 
It is of considerable interest, but little help, to note that 
there are other, similar and possibly coeval basalt occur-
rences elsewhere in the world. The Ontong- Java plateau of 
the western Pacific has perhaps the highest similarity, but 
there are others, also during the Cretaceous, which should 
be considered. Evidently the basalt magmatic activity of the 
entire world was exceptionally high during this time period. 

SUPRA-CRUSTAL PELAGIC SEDIMENTS 

Virtually all that is known of the pelagic sediments of the 
Caribbean comes from drilling DSDP Legs 41, 1520 and 
6853 (which sampled only sediment down to Upper Mio-
cene). Complete descriptions of these sediments may be 
found in these volumes. In only four sites (DSDP Sites 30 
and 148 on the Aves Ridge, and 154 and 570 in the western 
Colombian Basin) are there, appreciable thicknesses of 
hemipelagic sediment deposited close to a continental area 
In the remainder of the sites the sediments are typical pelagic 
sediments similar to those encountered far distant from 
continental areas. There are only a few good occurrences of 
on-land sediments arguably correlative with these pelagic 
sediments (Haiti49, Costa Rica59), compared with the larger 
number of occurrences of the underlying basalt. 

The persistence of a prominent acoustic reflector (A") 
in the Venezuelan Basin enables us to divide the sedimen-
tary section into a post-A" upper part and B"-A" lower part. 
The pelagic sedimentary section is highly diverse beneath 
reflector A", and more homogeneous above this level. 

Sediments of the B" -A "  interval 
As noted above, B" is latest Turonian, or about 85 

million years old, in the Venezuelan Basin and somewhat 
younger in the Colombian Basin. Horizon A" is slightly time 
transgressive, being middle Eocene (about 50 Myr) in the 
east, but late Paleocene (about 58 Myr) in the west. 

The pelagic sediment sequence in this interval is domi-
nantly calcareous, but with a strong siliceous component. 
This interval shows great vertical thickness and variability, 
suggesting deposition within a topographically rugged area 
Occurrences of intercalated radiolarian turbidites and vol-
caniclastic sands suggest contemporaneous erosion from 
higher areas. 

There are two notable occurrences to Turonian to San-
tonian carbon-rich sediment (DSDP Sites 146 and 153). 
Carbonaceous sediments of this age are otherwise unknown 
in the world ocean, with the exception of a site western 

 
 
tropical Atlantic (DSDP Site 144 on the foot of the Demarara 
Rise encountered carbonaceous pelagic sediments of late 
Turonian to Santonian age30). The unusual age and character 
of these sediments appears to link the Caribbean (espe-
cially Site 153) and Atlantic sites. To the extent that 
carbonaceous sedimentation requires anoxic bottom waters 
which in turn implies geographic restriction, these occur-
rences provide an obstacle to the view that the Caribbean 
basalt might occurred in the Pacific Ocean distant from a 
land mass. 

The importance of the B"-A" interval is largely for the 
information it reveals on the mode of formation of the 
sub-B" layer, the Caribbean Cretaceous basalt event. We 
have two sorts of information; the drilling results of DSDP 
Leg 15 and seismic reflection studies, including sonobuoy. 
Leg 15 drilling found a 350 m-thick section between B" and 
A" at DSDP Sites 146 in the Venezuelan Basin and 152 in 
the lower Nicaraguan Rise. The correlative section at the 
more southerly DSDP Site 153 (southwest Venezuelan Ba-
sin) was only 200 m thick. The remaining two penetrations 
(DSDP Sites 151 on the Beata Ridge and 150, south-central 
Venezuelan Basin) found highly thinned sections, with 
thicknesses of about 30 and 35 m, respectively. 

One of the most important questions for the early Car-
ibbean is the determination of palaeodepth of the water A 
normal ridge-generated oceanic crust subsides as the square 
root of time following crustal generation at the ridge axis. 
This relationship (which explains most of the bathymetry of 
normal oceanic crust) is called the "Sclater-Francheteau 
curve" and is explained as resulting from thermal contrac -
tion resulting from the dissipation of excess (magmatic) heat 
brought to the ridge axis during sea-floor spreading. The 
Caribbean evidently formed not as a normal ridge, but as a 
vast basalt plateau. It is theorized that the water was shal-
lowest over the approximate centre of the province, where 
the basalt was thickest. However, the entire province should 
have subsided with time, as the original heat was dissipated. 

The thickness of the basalt and the time interval over 
which it was erupted are unknown. However, the history of 
thermal subsidence of the body can place some constraints 
on these values. As crust subsides it reaches a water depth 
below which sinking calcareous debris (biogenic fossils) are 
dissolved. This horizon, the CCD (=Carbonate Compensa-
tion Depth), varies from place to place and time to time, but 
in a relatively small part of the world ocean and in a brief 
interval it can be taken as a flat plane. Calcareous debris 
falling on a surface beneath this depth will be more or less 
dissolved, and resulting sediment will be both thinner and 
less calcareous compared to that accumulated during the 
same interval at shallower depth. Thus, the thickness and 
calcium carbonate content of sediment above the crust are 
critical to an interpretation of the original  bathymetry  of  the 
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basalt mass.  

The present depths of the B" are an approximation of 
the relative palaeodepths at the time of cessation of the 
igneous event, that is, at the beginning of the post-B" sedi-
mentation. It is not possible to correct these depths to the 
true depth, because the post-igneous event thermal subsi-
dence history is unknown and likely to be considerably 
different from 'normal' oceanic crust. Further, DSDP Site 
151 lies close to a fault scarp and would have to be adjusted 
to take the faulting into account. Three sites have nearly 
identical depths to B": 146,4700m; 153,4690m; and 150, 
4710m. DSDP Site 152 is shallower, 4380m. DSDP Site 
151, on the Beata Ridge, has a depth of 2410m to B". If the 
relative order of these present depths are not very different 
from the palaeodepths, then 146,150, and 153 are deep, and 
might reflect original positions on the flanks of a swollen 
basalt plateau. DSDP Site 152 would be positioned closer 
to the summit. DSDP Site 151 is positioned even closer to 
the summit. As shown on Figure 3.la, the locations of the 
drilling sites with respect to the thickness of solid crust 
largely support these conclusions, with 146, 150, and 153 
located over thinner crust, 152 intermediate, and 151 located 
where the crust is much thicker. 

The variable carbonate contents of the supra-B" sedi-
ment in these sections reveal a similar variability in the 
inferred palaeodepths. DSDP Sites 146 and 153 have the 
lowest carbonate content in the Cretaceous portion of the 
section (Fig. 3.7). DSDP Site 152 has higher carbonate, 
suggesting a shallower palaeodepth. DSDP Site 150 (not 
shown) has a highly thinned section with low carbonate 
content. DSDP Site 151 (Beata Ridge; not shown) is highly 
thinned, but has a high carbonate content. Drilling at this site 
found two hard grounds (basal Paleocene, Santonian); be-
cause of poor recovery of much of the section there may 
have been more that were missed. These are thinned, cherty 
sediments that seem to have originated near the crest of a 
topographic elevation, where normally slow ocean currents 
speed up passing over the crest and cause increased erosion. 
The thinning of the B"-A" section at DSDP Site 151 was 
probably due to that section being located near the summit 
of the plateau, and therefore it suffered extensive post-erup-
tion sediment thinning by currents passing over the summit. 
Of further interest is the regular decline with time of the 
carbonate content at DSDP Site 146 during the Cenozoic. 
This decrease appears to indicate a steady increase in water 
depth on the flank, probably resulting from heat loss from 
the cooling plateau basalt. 

As mentioned above, the thickness of the B"-A" inter-
vals at the five DSDP sites were very different. Very likely 
these differences of thickness resulted in part from bottom 
currents, which either prevented the deposition of sediment 
or removed sediment previously deposited, but not yet lithi- 

 
fied These currents can potentially tell us of the overall 
environment of deposition for the Caribbean basalt prov-
ince. The thinness of sediment at Site 151 (Beata Ridge) can 
be explained by its probable original shallow water depth at 
the approximate eruptive centre of the plateau. Bottom 
currents increase their velocity if the flow is constricted 
above a topographic rise, and the thinned section at 151 is 
probably a good example. Saunders et al.58 discussed the 
thinning of the remaining southern Venezuelan Basin sec-
tions (150 and 153) and attributed it largely to syn- or 
post-depositional currents which were more erosive closer 
to the South American continental mass. This observation 
is pertinent to the location of the basalt plateau at the time 
of its formation. One theory for the original location52 is that 
the basalt plateau was formed in the Pacific Ocean. If it was 
located in the open ocean, then it would not ordinarily be 
affected by water currents on the flanks of one side. Alter-
nately, if the basalt plateau was close to South America at 
the time of cessation of magmatism (late Cretaceous), then 
it might be expected that the effect of erosion water currents 
close to this land mass could be detected (as Saunders et 
al.58 suggested), and the hiatuses in the B"-A" section can be 
explained by these currents. If the plateau were located far 
from any continental land mass in the Pacific, then this 
effect would not be plausible. 

Differing lithologies of the B"-A" interval are also 
reflected in differing acoustic velocities. Thus, Ludwig et 
al.46 found that the velocities of the B"-A" interval were 
tightly grouped at 2.70 ± 0.13 km s-1 for the central Vene-
zuelan Basin. Diebold et al.10 found consistently higher 
velocities in the southern Venezuelan Basin: arranging their 
five stations north to south these are 2.5,3.7,3.4,3.8, and 
3.5 km s-1.  Stoffa et al.61 found velocities of 3.0 to 3.2 km   
s-1 for the above mentioned line approaching DSDP Site 
153. Sediments with a lower content of carbonate from 
DSDP Site 146 were found to have a lower acoustic velocity. 
Thus, velocity might be a proxy measurement for carbonate 
content and, indirectly, for palaeodepth. 

In summary, the present depth, thickness, carbonate 
content (where known) and velocity of the B"-A" interval 
all support the following synthesis for the sedimentary 
environment of the Caribbean following the eruption of the 
plateau basalt. Sediments deposited to the west were depos-
ited near the eruptive centre (possibly near the Beata Ridge) 
and highest topography, and are carbonate-rich. Flank sedi-
ments, to the east and southeast of the Beata ridge, are 
carbonate poor, as found by drilling and by lower acoustic 
velocity. At DSDP Site 146 subsidence, pos sibly as the 
result of heat loss, is recorded as a regularly declining 
carbonate content in the late Cretaceous, reaching zero in 
the early Cenozoic, roughly 20 Myr after cessation of mag-
matism (Fig. 3.7a). At the shallowest site (151), which  lies 
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over the thickest crust, the sediment was further severely 
thinned by bottom currents, resulting in hiatuses and local 
hardground formation. 
 
Post-A" sediments 

The sedimentary section of Eocene age is notably sili-
ceous, as are coeval sections throughout tropical oceans 
elsewhere. The explanation for the silica content is the 
prodious productivity of siliceous organisms at that time, 
which must, in turn, be related to high silica input to the 
oceans. During the middle-late Eocene the world experi-
enced the maximum rate of siliceous deposition (and, thus, 
supply of silica to the oceans by rivers) in the Cenozoic and, 
possibly, in the Phanerozoic. The recrystallization of these 
siliceous oozes produced the excellent acoustic reflector 
which came to be known as A in the Atlantic, A' in the 
Pacific, and A" in the Caribbean. A high silica content has 
been noted in correlative on-land strata around the Carib-
bean, notably on Puerto Rico48. However, their interpreta-
tion of this silica as volcanogenic is clearly not likely in the 
face of such abundant biological silica in the oceanic basins. 

The thickness and inferred lithology of the sediments 
lying above horizon A", as well as the physical character of 
the horizon itself, provides information on the palaeodepth 
of the Caribbean. Horizon A" is identified reliably only in 
the Venezuelan Basin, and workers have been reluctant to 
carry the correlation into the Colombian Basin. As noted 
above, A" was identified by drilling at DSDP Site 152 on 
the tower Nicaraguan Rise. The further extrapolation of this 
horizon further west and south in the Colombian Basin is 
not confirmed. In the Yucatan Basin Rosencrantz did not 
find a reflector that plausibly even resembles A". In the 
Venezuelan Basin, mainly in the southern half, and in the 
southern Colombian Basin there are numerous records of a 
horizon that resembles A" and might be considered correla-
tive. The disappearance of A" to the west might result from 
shallower palaeodepths, at which abundant calcareous re-
mains were mixed with siliceous debris. Under these cir-
cumstances, the later history of the radiolarian opal might 
have been to form microscopic chert nodules in a calcareous 
section, which would not have the high acoustic reflectivity 
of a pure chert layer. 

Drilling recovery of the interval close to A" was poor. 
Much of this section consists of alternating very hard and 
relatively soft beds, and successful recovery of (billed sedi-
ment is very difficult in these cases. The post-A" interval is 
virtually entirely unlithified. It has yielded a clear sedimen-
tary history at the two sites (29 and 149) where it was cored 
completely, and correlative bits and pieces of sedimentary 
history at the remaining sites where it was spot-cored. 

Several studies of pelagic sediment on opposite sides   
of   the   Central  American  isthmus  document  its  gradual 

shoaling. These studies use pelagic sediment sections (ob-
tained by deep-sea drilling) as records of the palaeoenviron-
ments of the oceans on either side of the isthmus. As the 
isthmus shoaled during the later Cenozoic, waters of succes-
sively shallower depths were isolated on either side. For 
example, Caribbean sediments record a decreasing supply of 
biological silica from the Eocene to the middle Miocene, 
whereas eastern Pacific sediments record a continuing high 
supply of biological silica14. This observation is explained as 
a decreasing supply of deep and intermediate high-silica 
waters from the Pacific to the Caribbean and, thus, the 
gradual rising of the Central American isthmus. The cessa-
tion of siliceous productivity at about 15 Myr represents a 
relatively deep (perhaps about 1000 m) palaeodepth for the 
isthmus. Keigwin38 examined the oxygen isotopes of 
foraminiferal oozes from eastern Pacific and Caribbean  
sites. The isotopic ratios reflect the character of surface 
oceanic water and their divergence upwards, beginning at 
4.2 Myr, shows that the Caribbean surface waters became 
more saline than the Pacific at this time. This implies a 
palaeodepth shallow enough to prevent extensive surface 
water exchange across the isthmus.  Keller et al.39 studied  
the microfossils of sediments at similar sites. Their studies 
show faunal and floral contrasts which they similarly inter-
pret as shoaling events at 6.2,2.4 and 1.8 Myr, each of which 
implied successively shallower palaeodepths. The conclu-
sions of these studies reinforce the view that the Central 
American isthmus gradually shoaled and closed vertically, 
and did not close horizontally (as a door), such as was 
postulated by Wadge and Burke63. 

At the present day the Caribbean is effectively isolated 
from the Atlantic, with the deepest sill about 1600 m. The 
Caribbean has distinctive deep water, which differs in char-
acter from North Atlantic deep water. Pelagic sediments 
carry a built-in record of one of the most important attributes 
of the ocean; the depth of the CCD, below which calcite 
dissolves and calcareous sediments do not accumulate. This 
depth depends on the chemistry of the water column and 
presently is at about 5000 m in the north Atlantic. Through-
out the Atlantic, pelagic sediments record a relatively sudden 
deepening of the CCD at about the Miocene-Pliocene 
boundary. Caribbean pelagic sediments record this same 
event14; at the time of the Miocene-Pliocene boundary  
(about 5 Myr), the Caribbean was evidently broadly con-
nected to the Atlantic at depths approaching 5000 m. The 
present relatively shallow sill depth between the Caribbean 
and the Atlantic must have formed in the last 5 Myr, possibly 
by compression in a north-south direction across the Carib-
bean. 
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          SUMMARY 

The bulk of our knowledge of the Caribbean crust comes 
from geophysical studies, but has been confirmed in part by 
deep-sea drilling in 1970 and 1971. This body of knowledge 
is about 40 years old, making it one of the latest regions of 
the Caribbean for which important geological knowledge 
has been obtained 

The Caribbean oceanic crust is one of the largest 
Phanerozoic igneous provinces (plateau basalts) in the 
world. Its site is more or less astride the Jurassic mid-ocean 
ridge which separated the north Atlantic continental land 
masses. Why it formed where and when it did (its absolute 
location remains uncertain) is unknown. There are several 
other, similar occurrences in the world (several are in the 
western Pacific) of this approximate age (Aptian or Albian 
to Turoman). At the moment our only firm conclusion is that 
this period of earth history recorded immense mantle melt-
ing over a wide area. It might be sugges ted that the ancestral 
Caribbean was located adjacent to one of the western Pacific 
plateau basalts of about this age, such as the Ontong-Java 
Plateau, but there is no good evidence for this idea. 

The Caribbean oceanic crust unifies the geologic his-
tory of the entire province. Without consideration of the 
crust, one can hardly relate the geologies of, say, Hispaniola 
and Curasao, or Puerto Rico and Costa Rica. When one 
places the Caribbean crust in a broader context, the unity of 
the entire region becomes evident. Most of the Caribbean 
island, and possibly some of the continental areas (espe-
cially northern South America) formed peripherally to the 
vast basalt plateau that dominated this area in the late 
Cretaceous. Whether this plateau formed well out in the 
Pacific, close to the 'jaws' of Central America, or was 
already close to its present, enclosed position is not at all 
clear, but there are two types of evidence from the supra-
crustal sediment cover that the plateau was not located far 
from the continent. The first is the occurrence of high-carbon 
sediments, which imply local restriction ofbottom waters 
producing anoxia. The second is the record of hiatuses at 
sites 150 and 153, implying that deep currents flowing close 
to the South American continental slope attained a higher 
velocity due to topographic constrictions, and in turn eroded 
much of the sediment cover or prevented its accumulation 
in the first place. 

Post-A" sediment records the closure through shoaling 
of the Central America isthmus and, with it, the closure of 
the broad oceanic connection between the Atlantic and 
Pacific Oceans. The consequences of this closure have been 
felt elsewhere, as in the invasion of land mammal faunas 
from South to North America and, more spectacularly, vice 
versa. Still largely unexplored are the potentially immense 
palaeoclimatic implications of a major  diversion of  the  north 

 
 
equatorial current of the tropical Atlantic to its present 
northerly direction, giving us our present Gulf Stream. 
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NOTE ADDED IN PROOF 

Subsequent to the preparation of this chapter, Bowland66 
published a more complete account of the seismic stratigra-
phy and inferred geological history of the western Colom-
bian Basin. In this account there is discussion of the seismic 
velocity of some sediment layers. 
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