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ABSTRACT
The Caribbean region presents a wide array of geologic problems related to its plate tectonic
evolution, the nature of its oceanic crust or basement, ocean and climate history, and the opening
and closing of intra-Caribbean and Atlantic-to-Pacific seaways. With the exception of DSDP Site
502, the Caribbean has not been targeted by the Ocean Drilling Program or Deep Sea Drilling
Project for more than two decades. A fresh impetus has now been given to Caribbean drilling by
the recent discovery of a strewn field of unaltered impact glass spherules or tektites in Haiti and
Mexico at the Cretaceous/Tertiary boundary, and the identification of their source in the 180 to 300
km-wide Chicxulub impact crater in the Yucatan.
Leg 165 drilling will address two major themes: the nature of the Cretaceous/Tertiary boundary
and the influence of tropical seas on global ocean history and climate evolution. Drilling at five
primary sites will provide a unique opportunity to examine nearly 90 m.y. of Earth history,
including (1) the K/T boundary impact event, mechanisms of ejecta dispersal, and environmental
consequences from aerosols and fallout of ejecta; (2) catastrophic extinction events and biotic
recovery; (3) the nature of climate forcing in the pre-Neogene world and tests of climate models
with boundary conditions very different from those of today; (4) several episodes of moderate to
extreme climatic warmth (early Late Cretaceous, early Eocene, early to mid Pliocene); (5) the
evolution of tropical sea surface temperatures and changes in meridional temperature gradients; (6)
changes in oceanic circulation and in sources of deep and intermediate water masses through Late
Cretaceous and Cenozoic time; (7) the closing of low latitude oceanic gateways, the opening of a
major gateway within the Caribbean, and the oceanic and climatic consequences of low latitude
tectonics during the late Neogene; (8) tropical climate variability during the late Quaternary; and (9)
nature and origin of Caribbean crust.
INTRODUCTION
The Leg 165 drilling program will focus on a broad spectrum of problems relevant to the
understanding Earth history, biotic evolution, and the nature of the ocean-climate system. These
can be broadly assigned to one of two themes: (1) consequences of the K/T impact and (2) tropical
influences on global ocean processes and climate change.
The principal hypothesis put forward to account for the worldwide Cretaceous/Tertiary boundary
mass extinctions is the impact of a large bolide on the Earth (Alvarez et al., 1980). The recent
discovery of fresh impact glasses at the K/T boundary in the Beloc Formation of Haiti (Sigurdsson

et al., 1991a; Izett, 1991), in the Mimbral sequence of northeastern Mexico (Margolis et al., 1991),
and at DSDP Sites 536 and 540 in the Gulf of Mexico (Alvarez et al., 1991) provides evidence for
a major impact event in the Caribbean region. Geochemical evidence from these glasses also yields
constraints for an impact site on continental crust overlain by evaporite-rich sediments (Sigurdsson
et al., 1991b), which is consistent with the stratigraphy near the 180 km (Hildebrand et al., 1990)
to 300 km (Sharpton et al., 1994) Chicxulub impact crater on the Yucatan Peninsula of Mexico.
The discovery of impact glass-bearing deposits in the circum-Caribbean region indicates that
sediments within the Caribbean Sea have an excellent potential for yielding K/T boundary layers
similar to the rare sections exposed on land. Leg 165 will drill a series of sites in the Caribbean Sea
and on the margin of the Yucatan Basin for the purpose of penetrating and recovering the K/T
interval (Fig. 1).
In addition to K/T boundary objectives, the Leg 165 drilling program will address diverse aspects
of tectonics, paleoceanography, climatology, and evolution in the tropics, thereby providing new
information on the role of the tropics in the ocean-climate system through geologic time. The
recovery of relatively complete Upper Cretaceous, Tertiary, and Quaternary sedimentary sequences
in the Caribbean will greatly advance our knowledge of a wide range of major paleoceanographic
and paleoclimatic problems. Chief among these are:
•

•

•

•

the nature of climate forcing in the pre-Neogene world in order to test climate models under
different boundary conditions:
a) low latitude sea surface temperatures and changes in equator-to-pole temperature gradients
through the late Mesozoic and Cenozoic,
b) the linkage between greenhouse gases and warm global climates of the past, and
c) the role of oceanic heat transport during times of moderate to extreme warmth (e.g., Late
Cretaceous, early Eocene, and early Pliocene), including a test of the hypothesis of warm
saline deep and intermediate water formation in the pre-Neogene record;
the tropical record of abrupt ocean and climate change (e.g., Paleocene/Eocene boundary,
Eocene/Oligocene boundary, Younger Dryas event), including the impact on and response of
benthic and planktonic microbiota;
improving resolution and correlations between calcareous and siliceous plankton
biostratigraphy and paleomagnetic stratigraphy, and refining low latitude Upper Cretaceous and
Paleogene chronostratigraphy;
the role of Caribbean tectonics in the evolution of North Atlantic paleoceanography and
Northern Hemisphere glaciation during the late Neogene, especially the opening of a major

•
•

•

intra-Caribbean gateway during the middle to late Miocene, and the closing of the Central
American Seaway during the late Miocene and Pliocene;
the history of variations in intermediate and deep water masses in the Caribbean during the late
Neogene and Quaternary and implications for global circulation;
the potential linkages between sub-millennial climatic events of the northern latitudes (e.g.,
Heinrich events), modes of deep water formation, and variability of tropical climate in the
late Quaternary;
the environmental conditions of anoxic basin development.

The drilling during Leg 165 will also address important problems related to the age and origin of
the Caribbean oceanic crust as a large igneous province (LIP) and the nature and origin of the
Cayman Ridge.
SCIENTIFIC OBJECTIVES AND METHODOLOGY

The Cretaceous/Tertiary Boundary
Study of the K/T boundary by drilling in the Caribbean region has become even more compelling
following the discovery of a thick impact ejecta deposit in Haiti (Hildebrand and Boynton, 1990),
the find of unaltered impact glass or tektite spherules in the deposit (Sigurdsson et al., 1991a,
1991b), and the recognition of the Chicxulub crater at the north end of the Yucatan Peninsula of
Mexico as the locus of bolide impact (Fig. 2; Pope et al., 1991; Hildebrand et al., 1991). The
current debate is now centered on the size of the crater. Sharpton et al. (1994) view the geophysical
data and preliminary Pemex drilling results as an indication that the Chicxulub represents a multiring impact basin, with a diameter of about 300 km, whereas Hildebrand et al. (1995) have
interpreted similar data as indicating that the Chicxulub is a simple impact crater of about 180 km
diameter.
The major outstanding issue regarding the K/T boundary event is the exact relationship between the
bolide impact and the associated extinctions. This issue relates to bolide size, impact angle, ejecta
dispersal, and, perhaps most important, the geochemistry of the impact terrain. It turns out that the
Yucatan terrain has geologic features that are likely to have brought about uniquely severe
environmental effects from the impact. Evidence from the geochemistry of impact glasses or
tektites indicates that two dominant geologic formations were melted: (1) Paleozoic continental
crust (producing black, high-silica tektite glasses), and (2) Cretaceous evaporites and carbonates

(producing sulfur-rich, high-Ca yellow glasses; Sigurdsson et al., 1991a, 1991b; Koeberl and
Sigurdsson, 1992). Drilling in the Caribbean region will have a bearing on a number of problems
associated with the K/T boundary event, as discussed below.

Total Ejecta Mass
Ejecta from the bolide impact consists of three principal components: (1) melt ejecta, in the form of
impact glass spherules or tektites; (2) gases from vaporized target material, dominantly water, CO2,
and SO2, which have converted to a stratospheric aerosol; and (3) crustal rock ejecta or “dust,”
consisting of proximal breccia and distal crystal fallout (shocked quartz, etc.). Estimates of total
ejecta mass range from 2 x1019 g (Alvarez et al., 1980), to 1.9 x1020 g (Roddy et al., 1991), based
on the Ir anomaly and crater size. The variation in deposit thickness is best fitted by two linear
segments (Fig. 3A), suggesting that the distribution represents two dominant modes of dispersal.
In this model, approximately 99% of the ejecta occurs within 1400 km of the impact site (1.2% of
the earth’s surface), whereas the remaining <1% is distributed over the remaining surface (Fig.
3B). The ejecta fallout loading of solid matter on most of the Earth’s surface is thus estimated to be
about 0.27 g/cm2. In comparison, Pollack et al. (1983) adopted a 1 g/cm2 mass loading of “dust”
in their assessment of climatic effects of K/T boundary impact ejecta. These results thus suggest
that previous estimates of a high atmospheric mass loading at the K/T boundary due to large
amounts of rock “dust” may be high by a factor of 4, and that rock “dust” was therefore probably
not a major climate-forcing factor in the wake of the impact.
The proposed Leg 165 drilling will provide much-needed constraints on the solid ejecta mass
distribution, as the proposed sites form a transect that crosses the hypothesized transition between
the thick proximal ejecta within 1400 km from source, and the thin distal ejecta (Fig. 3A). Drilling
will thus contribute to our knowledge of the ejecta dispersal pattern. Most current models assume
an axisymmetric distribution of the ejecta blanket deposit, but the recent proposal of Schultz
(1994), that the Chicxulub structure represents an oblique impact, implies that the ejecta
distribution would be asymmetric. The fan-shaped distribution of proposed drill sites may help
address this hypothesis.
Ejecta Dispersal Mechanisms
Studies of the well-preserved and thick (0.5-1 m) Haiti K/T boundary sections indicate that the
ejecta deposit consists of three principal units that reflect different depositional processes (Fig. 4).

A basal 20-cm unit is composed of impact glass spherules and their smectite alteration products and
is normally graded. The large grain size of glass spherules (up to 8 mm diameter) indicates that
they cannot have been transported as fallout from thermal plumes, but rather as ballistic fallout.
This basal unit is overlain by a 20-50 cm thick cross-bedded smectite and carbonate-rich unit,
which contains large glass spherules as well as sediment rip-up clasts. Sigurdsson et al. (1991a)
have interpreted this as a density current deposit or turbidite, which may be related to a giant
impact-generated tsunami or seiche event, such as has been proposed for similar debris flow
deposits at the K/T boundary in northern Mexico (e.g., Smit et al., 1994). The uppermost unit is a
0.5-2 cm thick reddish-brown smectite layer that contains the iridium anomaly and minute shocked
quartz grains. It most likely represents late-stage fallout of aerosols and atmospherically suspended
impact “dust.” The proposed drilling will provide additional information on these lithologic units,
their grain size and complex depositional mechanisms, and possible facies variations in the ejecta
layer as a function of distance from source.

Volatile Components and Extinction Mechanisms
The geochemical evidence from the Haiti impact glasses or tektites, on the nature of the impact
terrain, shows that volatile emission from the target rocks was an important feature of the K/T
boundary event, and that this feature may account for the uniquely severe environmental effects
and high extinction rate that mark this geologic boundary. The high sulfur content (up to 1 wt%),
high oxygen fugacity (Oskarsson et al., 1991), and sulfur isotopic composition of the high-Ca
yellow impact glasses (Chaussidon and Sigurdsson, 1994) are conclusive evidence of their
formation by fusion of evaporite and carbonate in the presence of a silicate melt. The geologic
constraints indicate that the impact volatilized sedimentary rocks and pore fluids to produce a large
stratospheric vapor plume consisting of the potent brew of CO2, SO2, and H2O in about equal
proportions. These inferences are fully supported by the geologic evidence of the Cretaceous
stratigraphy of the Yucatan Peninsula, which contains a 3 km-thick succession of evaporite and
carbonate sediments at the site of impact (Lopez Ramos, 1981). The atmospheric loading from an
impact-generated sulfate aerosol is thus equal to, or possibly greater by an order of magnitude
than, the rock “dust” lofted by the impact. It seems very likely that a very large sulfate aerosol must
have formed after impact, with major global surface cooling. Because of the prodigious amount of
CO2 released, a number of investigators have proposed a sudden, and even harmful, greenhouse
warming at the time of impact. However, as indicated by Pollack et al. (1983), in the presence of a
dense stratospheric aerosol, no warming by a greenhouse effect is possible under these conditions,
despite the greatly enhanced infrared opacity of the atmosphere.

The proposed Caribbean drilling sites will potentially benefit studies of K/T boundary
environmental effects. First, the possibilities of coring through complete K/T boundary sections is
likely based on results from DSDP Sites 152 and 146, and these new sequences are likely to yield
glass spherules for further geochemical analysis. To date, only the Haiti site and the Mimbral site
in Mexico have yielded unaltered glass from the boundary. Additional glass samples are needed for
further quantitative evaluation of the possible role of evaporites and carbonate sediments in the
formation of the impact melt. Second, the recovered boundary deposit may contain fragmentary
ejecta from the impacted terrain, such as carbonates and evaporites, that would help elucidate the
proportion of chemical sediments in the impacted region. Third, the added information on the
thickness distribution of the impact ejecta deposit will help constrain impact angle and the direction
and magnitude of the blast zone (Schultz, 1994). Finally, analyses of microbiota and stable
isotopes from well-preserved marine sediments across the K/T boundary will shed light on the
environmental changes accompanying the bolide impact.
Cretaceous and Paleogene Ocean and Climate History
Recent findings from late Quaternary ice cores and North Atlantic marine records and studies of the
Cenomanian/Turonian, Paleocene/Eocene, and Eocene/Oligocene boundary events indicate that
rapid changes in climate and in the mode of deep sea circulation have occurred throughout the late
Mesozoic and Cenozoic. What we see in this ancient record is an ocean-climate system that we
understand poorly in terms of its natural variability through time, as well as how different forcing
mechanisms can yield various feedback responses or threshold events. The tropics hold an
important key to understanding how this system operated through time, in defining climate
parameters such as deep and surface water temperatures and chemistry, in understanding how the
tropical biota responded to changes, in helping to identify causes, rates, and magnitudes of climate
change, and in defining the role the ocean plays in mitigating these changes. The ancient record, in
particular, provides important insights to the processes of climate change, which, in turn, help to
continually improve quantitative models of the ocean-climate system. Elevated levels of CO2 are
suspected to have been a major climate forcing factor during the warmer times of the Late
Cretaceous and Paleogene. However, Late Cretaceous and Paleogene stable isotope data have been
difficult to reconcile with models of CO2 forcing. The relative roles of greenhouse gases, latitudinal
heat transport, and latitudinal variation in sea surface insolation need to be tested further.

Climate Forcing in the Late Cretaceous and Paleogene
Mid-Cretaceous times, particularly during the late Aptian-earliest Turonian, are believed to have
been the warmest of the Cretaceous (Arthur et al., 1987, 1990; Bralower et al., 1993; Huber et al.,
in press). This warmth has been attributed to heightened plate tectonic activity and elevated levels
of CO2 in the atmosphere (e.g., Barron and Washington, 1985; Larson, 1991). Sea level was very
high (Haq et al., 1987), epicontinental seas were widespread, and global ice volume was probably
minimal (Barron, 1983). Burial of vast amounts of organic matter during the mid Cretaceous
attests to the ample carbon supply and overall warmth of the seas. Because the North and South
Atlantic were not yet connected, ocean circulation was dominated by the circum-tropical Tethys
Ocean.
In the absence of significant ice and with a different ocean basin configuration, the mode of deep
ocean circulation may have been very different from today’s thermohaline circulation. Bottom,
deep, and/or intermediate water masses may have formed in Tethys, on its adjacent broad shelves
or in epicontinental seas, by the sinking of warm saline tropical waters (Arthur and Natland, 1979;
Brass et al., 1982; Saltzman and Barron 1982; Wilde and Berry, 1982). This mode of deep water
formation is widely suspected to have been an important if not the dominant mode during the mid
to Late Cretaceous and during part of the Paleogene (e.g., Arthur et al., 1985; Leckie, 1989;
Kennett and Stott, 1990, 1991; Bralower et al., 1993; Huber et al., in press). Warm saline deep
water formation is consistent with global circulation modeling of Cretaceous oceans and climate,
which suggests strong precession-scale variation in evaporation-precipitation balances over lowand mid-latitude epicontinental seas (Barron et al., 1985; Glancy et al., 1986, 1993; Oglesby and
Park, 1989; Park and Oglesby, 1991). Nevertheless, it has yet to be conclusively demonstrated as
an important mode of deep water formation during mid- to Late Cretaceous time. Recovery of
Cretaceous and Paleogene sequences from the Caribbean will greatly aid in isotopic testing of the
hypothesis of warm saline deep and intermediate waters, since this region is likely to have been
close to potential sources.
Recent work by Huber et al. (in press) suggests that very warm surface water temperatures
persisted in the southern high latitudes from Turonian through early Campanian time. The
paleoceanographic conditions of Cretaceous low latitudes, although poorly defined at present,
played a very important role in Late Cretaceous climate. Possible causes of the relatively high
temperature of polar waters include elevated concentrations of greenhouse gases and increased

ocean heat transport from low to high latitudes. The relative importance of these factors can be
assessed by isotopic documentation of tropical sea surface temperatures (SSTs; e.g., Crowley and
North, 1991). Were levels of atmospheric CO2 elevated throughout Late Cretaceous time and
responsible for warm “greenhouse” climates, including greater tropical warmth, or did a different
mode of oceanic circulation transport more heat to the polar regions, resulting in similar or cooler
tropical SSTs than modern? The Caribbean seafloor contains Upper Cretaceous sequences that are
highly suitable for such documentation.
As shown in Figure 5, Caribbean sediments appear to contain records of Milankovitch-scale
sedimentary variation (e.g., DSDP Site 146; J. King and S. D’Hondt, unpublished data). Analysis
of sedimentologic and faunal data from these ancient sequences will document the sensitivity of the
low latitude ocean to Milankovitch-band forcing and may document the presence of threshold
events in Late Cretaceous paleoceanographic and paleoclimatic history. For example, Caribbean
drilling can test the hypothesis that expression of a precessional “double-beat” in the mid-latitude
South Atlantic resulted from equatorial dominance in mid-latitude Late Cretaceous
paleoceanographic records (Park et al., 1993). Caribbean drill sites may also provide suitable
sequences for analysis of chronostratigraphically well-constrained stable isotopic trends in the
tropical Late Cretaceous ocean, allowing isotopic testing for the global or regional extent of large
climate steps in the Late Cretaceous “greenhouse” (e.g., Barrera and Huber, 1990; D’Hondt and
Lindinger, 1994).
The first of several major episodes of cooling in the high latitudes began in the mid Maastrichtian
(e.g., Barrera, 1994). The late Paleocene witnessed a renewed warming trend that culminated in
the early Eocene with the warmest temperatures and highest sea level of the Cenozoic (e.g.,
Dawson et al., 1976; Haq et al., 1977, 1987; Wolfe, 1985; Rea et al., 1990). Furthermore, δ18O
data indicate that the deep ocean and high-latitude surface oceans were at their warmest Cenozoic
values in the early Eocene (e.g., Savin, 1977; Miller et al., 1987; Stott and Kennett, 1990; Zachos
et al., 1994). Some δ18O data suggest that early Eocene low latitude sea-surface waters may have
been slightly cooler or saltier than those of present-day equatorial oceans (Fig. 6) (Boersma and
Shackleton, 1981; Zachos et al., 1990, 1994). The juxtaposition of data indicating relatively warm
high latitude regions and cooler or more saline low latitude regions suggests that early Eocene (and
Late Cretaceous) equator-to-pole thermal gradients may have been more heavily affected by
latitudinal heat transport and less dependent on atmospheric concentrations of greenhouse gases
than present coupled atmosphere-ocean models generally assume (Barron, 1987; Rind and
Chandler, 1991). This hypothesis needs to be tested further with additional isotopic data from the
low latitudes.

The nature of climatic forcing during times of exceptional high-latitude warmth, such as the Late
Cretaceous and early Eocene, and the reasons for subsequent cooling remain uncertain (Zachos et
al., 1994). Climate models have been used to test for changes in the effectiveness of meridional
heat transport by ocean and atmosphere with changes in paleogeography and oceanic gateways vs.
climate forcing by changes in the concentration of greenhouse gases in the atmosphere (Rind and
Chandler, 1991; Barron et al., 1993; Sloan et al., 1995). The determination of tropical SSTs will
help to test the validity of greenhouse forcing models for times of global warmth. In addition,
recovery of relatively complete Cretaceous and Paleogene sequences from the Caribbean would
closely constrain the regional presence and timing of gradual and abrupt changes in surface and
deep δ18O and δ13C trends, and elucidate relationships between tropical climate change and
plankton evolution.

Abrupt Climate and Ocean Change in the Pre-Neogene Record
Two episodes of abrupt climate change are prominent features of the Paleogene record: the extreme
warming event that occurred near the time of the Paleocene/Eocene boundary, and the abrupt
cooling event recorded near the Eocene/Oligocene boundary. Superposed on the warming trend
that began in the late Paleocene and culminated in the early Eocene was an abrupt warming in the
southern high latitudes during latest Paleocene time (e.g., Miller et al., 1987; Rea et al., 1990;
Kennett and Stott, 1990, 1991; Zachos et al., 1993). Both surface and deep water temperatures
increased rapidly, perhaps within 10 k.y., coincident with a major extinction event in deep-sea
benthic foraminifers (Tjalsma and Lohmann, 1983; Thomas, 1990, 1992). This event has been
attributed to a rapid change in the mode of deep ocean circulation. Warm saline deep waters
originating in the tropics, much like the circulation pattern suspected for part of the mid- and Late
Cretaceous interval, may have caused the warming event and extinctions. But what was (were) the
cause(s) of this rapid change in circulation?
The abrupt cooling of deep waters in the earliest Oligocene represents one of the largest cooling
steps of the Cenozoic (e.g., Shackleton and Kennett, 1975; Kennett, 1977; Corliss et al., 1984;
Keigwin and Corliss, 1986; Miller et al., 1987, 1991; Berggren and Prothero, 1992; Zachos et al.,
1993). This event is attributed to the establishment of a large icesheet on Antarctica.

Zachos et al. (1993) suggest that both of these episodes of rapid climate change in the Paleogene
represent transient climatic states, sustained briefly by positive feedbacks associated with the
abrupt reorganization of ocean and/or atmospheric circulation. Gradual forcing may proceed to a
point at which some physical threshold is exceeded and another climate mode, albeit short-lived,
replaces the other in a nonlinear response (e.g., Berger, 1982). Other possible examples of abrupt
ocean and climate change in the pre-Neogene record are the black shale events (“Oceanic Anoxic
Events”) of the mid Cretaceous (e.g., Arthur et al., 1987, 1990; Bralower et al., 1993). What role,
if any, did the tropical ocean play in the onset or demise of abrupt climatic events, and how did this
region respond to rapid changes in global climate and/or oceanic circulation? Excellent recovery of
continuous Paleogene and Upper Cretaceous sequences in the Caribbean, at sites with minimal
Neogene overburden, is vital to address these types of questions.

Late Cretaceous and Paleogene Chronostratigraphy
The chronostratigraphy of the mid and Upper Cretaceous and Paleogene has been vastly improved
over the last two decades because of the utilization of integrated bio- and magnetostratigraphies
(e.g., Berggren et al., 1985, and in press; Gradstein et al., 1994; Bralower et al., in press).
However, the Cretaceous and Paleogene tropical deep-sea record still lacks the spatial and temporal
coverage, core recovery, and paleomagnetic control to assess diachronism of biostratigraphic data
or to correlate low latitude sequences at sub-million-year time scales to the relatively wellconstrained Tethyan Gubbio sequence (Alvarez et al., 1977; Monechi and Thierstein, 1985;
Premoli Silva and Sliter, 1995) and high-latitude sequences (e.g., ODP Sites 689 and 690; Huber,
1990; Stott and Kennett, 1990). The limited chronostratigraphic control, particularly in the
Cretaceous, makes it difficult to measure rates of paleoceanographic and paleoecologic change or to
correlate between sites. Successful recovery of Upper Cretaceous sequences from this region will
provide valuable paleomagnetic and biostratigraphic records for refinement of tropical
chronostratigraphy.
Development of relatively high-resolution low-latitude chronostratigraphies may be aided by the
presence of Milankovitch-scale sedimentary variations in Upper Cretaceous and Paleogene
Caribbean sequences. The recovered Maastrichtian and Paleocene sections at DSDP Sites 146 and
153 in the Caribbean exhibit alternating light and dark intervals (Fig. 5) that closely resemble
coeval precessional cycles described from South Atlantic and Indian Ocean sequences (Maurasse,
1973; Borella, 1984; Herbert and D’Hondt, 1990; Huang et al., 1992). Similar Milankovitch-scale

variation has been successfully used for high resolution K/T stratigraphy (Herbert and D’Hondt,
1990).
Neogene and Quaternary Ocean and Climate History
The tectonic history of the Caribbean is intimately linked to ocean circulation and late Neogene
climate change. Uplift and, during the Pliocene, final emergence of the Isthmus of Panama is the
most obvious example. However, the Aves Swell and northern Nicaragua Rise (NNR) may also
have acted as important barriers to ocean circulation in the past. The NNR is thought to have been a
shallow carbonate platform until the middle Miocene, and its foundering in the late middle Miocene
may have initiated the Caribbean Current and thus contributed at that time to the intensification of
the Gulf Stream (e.g., Mullins et al., 1980; Droxler et al., 1991). Recovery of cores in the
Caribbean basins north and south of the Nicaragua Rise and in present-day channels of the NNR
will test Neogene models for surface and deep circulation related to the opening and closure of
gateways and shed some light on mixing of the world ocean and regulation of high-latitude climate.
The paucity of Caribbean high-resolution Neogene records stands in stark contrast to other
equatorial regions of the world ocean, where ODP drilling has recovered very complete PliocenePleistocene records and has greatly increased our potential for understanding global and regional
paleoceanographic and paleoclimatic variation (e.g., Indian Ocean Legs 115-117, 121, Pacific
Legs 130 and 138, and Atlantic Legs 108 and 154). Drilling in the Caribbean Sea between roughly
900 and 3300 m water depth will provide new data in the global array of equatorial monitors of
surface and deep-water circulation. Such drilling will allow us to address several questions of both
regional and global paleoceanographic, paleoclimatic, and paleobiological significance: What is the
history of the Caribbean Current? When was it established? How has the strength of its flow
related to tectonic events within the Caribbean region? How has Neogene variation in the
Caribbean Current influenced the evolution of North Atlantic surface, intermediate, and deep water
circulation, and consequently the climate of the North Atlantic Ocean? What has been the
evolutionary and ecological response of planktonic biota to the partial demise of the carbonate
megabank along the NNR and closure of the Central American Seaway?
Initiation and Evolution of the Caribbean Current
The Caribbean oceanic surface circulation has been significantly modified by two major Neogene
tectonic events: 1) foundering of the NNR and the opening of a major intra-Caribbean gateway
(Droxler et al., 1992, 1993; Droxler and Burke, 1995); and 2) closure of the Central American

Seaway and the cutoff of the Atlantic-Pacific gateway. The first event, possibly related to a
reorganization of the spreading within the Cayman Trough (Droxler et al., 1991), was responsible
for the opening of a new gateway for the North Atlantic Western Boundary Current in the middle
Miocene through the partial demise of a carbonate megabank that covered the full length of the
NNR (Fig. 7). The seaway’s opening during the middle Miocene along the NNR is hypothesized
to have had a direct impact on the initiation of the “modern” western boundary current with some
potential link to the onset of the NADW formation in the late middle Miocene (e.g., Crowley and
North, 1991; Wright et al., 1991).
The development of a strong North Atlantic Western Boundary Current in the Caribbean sometime
in the middle Miocene is clearly documented in the Gulf of Mexico and in the Straits of Florida.
Intensification of the Loop Current/Gulf Stream circulation during the middle Miocene is supported
by numerous observations down-current of the Nicaragua Rise and Yucatan Strait (e.g., Gomberg,
1974; Mullins and Neumann, 1979; Mullins et al., 1980; Popenoe, 1985; Austin et al., 1986;
Denny, 1992; Denny et al., in press). Drilling downstream of the Nicaragua Rise and on the NNR
itself will provide new data on the foundering of the rise, timing of the initiation of the Caribbean
Current (and intensification of the Loop Current/Gulf Stream), changes in the strength of the
Caribbean Current during the late Neogene, and relationship to changes in conveyor circulation and
North Atlantic climate.

Closure of the Central American Seaway
The second tectonic event to significantly change circulation in the Caribbean was the final closure
of the Central American Seaway (Isthmus of Panama) in mid-Pliocene time (~ 3.5 Ma) based on
nearshore marine records of Costa Rica, western Panama, and Colombia (Duque-Caro, 1990;
Coates et al., 1992; Fig. 4). This estimate corresponds quite well with the conclusions of Saito
(1976) and Keigwin (1978) based upon biogeographic differences in planktonic foraminifers from
both sides of the Central American Seaway. Keller et al. (1989) inferred a slightly younger age for
the final closure using faunal evidence which suggests that the surface connection existed until 2.4
Ma. The final closure of the Central American Seaway is expected to have significantly
strengthened the Western Boundary Current, diverted northward large volumes of warm and salty
waters, and increased the production of NADW (e.g., Raymo et al., 1989; Maier-Reimer et al.,
1990).

Closure of the Central American Seaway was accompanied by changes in coiling directions in
planktonic foraminifers, temporary disappearance of certain foraminifers from the Atlantic Ocean,
and initial appearance of several new species, which are largely restricted to the Atlantic Basin
(e.g., Ericson and Wollin, 1956; Saito, 1976; Keigwin, 1978, 1982; Keller et al., 1989; Jones, in
press). Neogene sequences to be collected on Leg 165 will help to further document changes in
planktonic assemblages that accompanied the formation of distinct Caribbean water masses and to
test relationships between oceanographic history and the disappearance and repopulation of
plankton in the Atlantic during glacial and interglacial stages.
History of Deep and Intermediate Waters in the Caribbean
The presence of relatively shallow sills separating the major basins in the Caribbean makes each
basin a sensitive monitor for the history of intermediate waters in the open Atlantic Ocean. Because
different parts of the Caribbean Sea are silled at depths that presently range from 1400 to 1800 m,
sediments deposited in the deep Caribbean basins below, at, and several hundred meters above sill
depths are thought to record variations in the flux and mixture of both Antarctic Intermediate Water
(AAIW) and Upper North Atlantic Deep Water (UNADW). Outside the Caribbean, at the latitude
of the Lesser Antilles, UNADW today ranges in water depths from 800 to 1100 m, and AAIW,
1200 to 2000 m (Bainbridge, 1981). The relative proportions of these source waters in the low
latitudes of the western North Atlantic can be monitored by studying carbonate preservation and
other geochemical proxies of deep water character (e.g., δ13C, Cd/Ca) in the Caribbean basins
(Fig. 8).
There is excellent agreement between appearances and disappearances of Globorotalia tumida and
Caribbean records of carbonate dissolution (Fig. 8D). The Atlantic reappearance of G. tumida
during the last deglaciation has been related to the renewed surface water connection between the
Indian and Atlantic oceans through the Agulhas and Benguela currents at ~ 9 ka (Jones, in press).
Gordon et al. (1992) suggested that salt and heat acquired during this transit may “pre-condition”
the Atlantic for NADW formation. Thus, there may be a direct link between the presence ofG.
tumida in the Caribbean and the onset of upper layer return flow of the thermohaline circulation cell
(Jones, in press). Haddad (1994) documented evidence for such a link based on the preservation
of metastable carbonates on the Nicaragua Rise: low influx of AAIW corresponds to low
concentration of G. tumida, good preservation of metastable carbonates, and low production of
NADW, whereas high flux of AAIW corresponds to high concentrations of G. tumida, poor

preservation of metastable carbonates, and high production of NADW. Analyses of late Neogene
Caribbean records across the 900-3300 m water depth range represented by the primary drill sites
should document paleoceanographic linkages between Caribbean surface water flow and rates of
NADW formation, and intermediate water mass history. In turn, this will shed important light on
our understanding of how Caribbean tectonics has influenced the global “conveyer belt” of surface
and deep ocean flow, and hence the evolution of Neogene climate.
Late Quaternary Tropical Climate Variability
Information on rates and magnitudes of tropical climate change is greatly lacking on interannual to
millennial time scales. Annually laminated, high deposition rate sediments of the anoxic Cariaco
Basin will provide an important late Quaternary record of tropical ocean and climate variability on
these sub-Milankovitch time scales (Hughen et al., in press). The Cariaco Basin is well situated to
record in its sediments a detailed history of trade wind-induced coastal upwelling and fluvial
discharge from northern South America, phenomena both related to past changes in the strength
and position of the Intertropical Convergence Zone (ITCZ). The basin’s location also makes it
highly suitable for recording surface ocean changes that result from changes in the Atlantic’s
thermocline conveyor circulation. By their varved nature, the sediments of the Cariaco Basin offer
the prospect of examining how short-term climate sensitivity responds to past changes in largescale global boundary conditions. The record to be obtained will also provide a well-constrained
basis for theoretical and temporal linkage of tropical paleoclimate events and processes of other
regions (e.g., Laurentide meltwater events and the Younger Dryas cold event in the North Atlantic
Basin).
Recent studies have documented considerable sub-Milankovitch scale variability in climatic and
paleoceanographic records of glacial stages. Bond et al. (1993) identified a succession of SST
oscillations in the North Atlantic during the last glaciation. These cycles culminated in very cold
events marked by layers of ice-rafted debris (Heinrich layers) that can be correlated over much of
the North Atlantic. It has been suggested that the Heinrich events resulted from catastrophic
collapse of the Laurentide ice sheet (Lehman, 1993), which, in turn, caused cessation of deep
water (lower NADW) formation in the North Atlantic (Bond et al., 1993; Keigwin and Lehman,
1994). These changes in deep water formation rate should have affected the Caribbean region
because of its location and role with respect to the interhemispheric exchange of surface and deep
water as part of the three-dimensional circulation of the Atlantic. Data already available from the
Cariaco Basin suggest that changes in upwelling, SST, and regional rainfall/runoff patterns are

linked to high latitude events through changes in the strength of the ocean conveyor (Peterson et
al., 1994; in prep.). Successful recovery of sediments with high accumulation rates (>6 cm/k.y.)
at other Caribbean sites may also shed light on these relationships.
Relationships between Environmental Change and Sedimentary and Geochemical Properties in
Modern and Cretaceous Anoxic Basins
Drilling of annually laminated Cariaco Basin sediments will also allow documentation of
relationships between environmental change and sedimentary and geochemical properties in
modern large anoxic basins. This basin may provide an analogue for the older anoxic basins of the
Caribbean Plate. Late Cretaceous black shales are known from the Venezuela Basin (DSDP Site
146; Edgar, Saunders, et al., 1973) and from marine sequences of northern South America
(Colombia and Venezuela; e.g., Macellari and de Vries, 1987; Tribovillard et al., 1991).
Deposition of these black shales is likely to have been largely controlled by Caribbean tectonics.
During the Cretaceous and Paleogene, this region was marked by a large “Cretaceous basalt
province” and island arc complexes that were at least locally subaerially exposed (e.g., Escalante,
1990; Lundberg, 1991). As likely barriers to regional deep-water flow and possible causes of
extensive Cretaceous upwelling in this region, they undoubtedly affected regional
paleoceanographic conditions. At present, our understanding of both the arc complexes and the
black shales is derived primarily from land-based Central American outcrops. Therefore, the
causes of black shale deposition in the Caribbean during Late Cretaceous time remain enigmatic
due to the complex regional tectonic history, post-depositional diagenesis of land-based outcrops,
and our incomplete understanding of relationships between oceanographic conditions and the
sedimentary geochemistry of Holocene analogs, like the Cariaco Basin. Additional offshore
records in the Caribbean can be used to test possible relationships between regional Cretaceous
paleogeography, black shale deposition, and paleoceanographic conditions (including water mass
characteristics and productivity; e.g., Arthur et al., 1990; Arthur and Sageman, 1994).
Caribbean Tectonics and the Nature of Crust in the Region
The Caribbean Crust as a Large Igneous Province (LIP)
Large oceanic plateaus have long remained curious enigmas within the general understanding of
ocean crust formation. Recent ODP drilling in the Indian and Pacific oceans has documented the
volcanic origin of the Kerguelen (Legs 119 and 120) and Ontong Java (Leg 130) plateaus. These

huge provinces (10 million km3) appear to be formed over brief periods of intense volcanism (e.g.,
Tarduno et al., 1991) and are likely to be the oceanic equivalents of continental flood basalt
provinces. Development of these provinces may be caused by the massive, initial eruptive phase of
plumes rising from the deep mantle (Richards et al., 1989; Courtillot and Besse, 1987; Larson,
1991). A better understanding of large igneous provinces (LIPs) carries implications for crustal
accretion, global elemental fluxes, and mantle composition and circulation.
Early marine geophysical surveys in the Caribbean led to the recognition that a large area was
underlain by anomalously thick oceanic crust (e.g., Officer et al., 1957). In an effort to explain the
large thickness of crust and corresponding great depth to the Moho (up to 16 km below sea level) it
was proposed that the Caribbean was an area of extensive intrusion by primary basaltic magma. A
conspicuous feature of the Caribbean crust is the existence of laterally extensive acoustic reflectors
which show up on seismic profiles in the Colombia and Venezuela basins. Two prominent
horizons, A” and B”, have been mapped out by numerous workers and sampled during early
DSDP drilling. On DSDP Leg 15, horizon B” was sampled at five drill sites with recovery of only
about 15 m of basement. The samples consist of basalt and diabase whose mineralogy and
geochemical characteristics are distinct from those of MORB (Edgar, Saunders, et al., 1973). This
discovery led to the recognition of a Coniacian to early Campanian flood basalt event within the
Caribbean, of great extent (600,000 km2) and exceptional thickness (up to 20 km), and showed
that the top of the plateau is the widespread smooth B” seismic reflector.
Plate reconstructions indicate that original Caribbean oceanic crust was formed along one of the
spreading centers in the Pacific (Fig. 9; Burke et al., 1978; Duncan and Hargraves 1984; Burke,
1988; Donnelly et al., 1989). These authors speculate that voluminous volcanism associated with
the onset of the Galapagos hot spot may have created the Caribbean oceanic plateau as the Jurassic
Farallon plate passed eastward over the hot spot. Further evidence that the Caribbean crust
represents a LIP comes from the dating of on-land igneous sections that are thought to represent
tectonized peripheral parts of the oceanic plateau. These sections have been recognized in Haiti,
Curacao, western Colombia, and Costa Rica. 40Ar-39Ar incremental heating experiments and the
Re-Os isochron method show contemporaneous volcanism at all sites during the period 88-89 Ma.
These dates are similar to the biostratigraphic ages (Turonian-Coniacian) obtained from DSDP Leg
15 sediments (Sites 146, 150, 151, and 153) which directly overlie the igneous rocks of unit B”.
The limited duration, generally synchronous nature, and widespread distribution of this dating
suggest that volcanism may have occurred over a relatively brief period, but with great intensity,
and that it influenced a very large area.

Additional evidence for the LIP character of the Caribbean can be found in the geochemistry of the
basaltic rocks from the interior and margins of the province. The predominant magma type of both
the on-land and drilled sections is tholeiitic in major element composition and exhibits flat REE
patterns. These are similar to other oceanic plateau basalts from the Ontong Java Plateau and the
Nauru Basin. Other less abundant types of magma include LREE-enriched alkali basalts from
Haiti, Costa Rica and DSDP Site 151, and MgO-rich basalts, picrites, and komatiites found in
western Colombia, Curacao, and Costa Rica. The isotopic signature of basalts from the Dumisseau
Formation in Haiti and from Gorgona are similar to the plume-related basalts of the Galapagos
(Figs. 10 and 11), thus providing additional support for the origin of the Caribbean LIP in the
Galapagos area with subsequent eastward migration and insertion in its present position between
North and South America. The high-MgO rocks from the circum-Caribbean are particularly
interesting in that they indicate eruption temperatures of up to 1500°C and could be associated with
as much as 50% partial melting of the mantle. Although their stratigraphic position is uncertain,
there is some indication that they erupted early in the event. Such large degrees of melting, once
thought to be restricted to Precambrian times, may be indicative of the early stages of flood basalt
events.
There is now considerable evidence in support of the hypothesis that large areas of the Caribbean,
as delineated by the presence of layer B”, represent a LIP, and drilling during Leg 165 at proposed
sites S-6 and S-3B will help to elucidate the nature of this important province. It is hoped that this
drilling will indicate the age and basalt compositional patterns of the province and help provide a
link to tectonized crustal sections of the plateau exposed subaerially along its margins. At this time,
nothing is known about the plateau basalts in the large western region (Colombia Basin), where
proposed site S-6 is located.
Nature of the Cayman Ridge
The Cayman Ridge forms a major structural feature that separates the Cayman Trough from the
Yucatan Basin. While the Yucatan Basin is quite likely to be floored by oceanic crust, judging from
magnetic anomalies and other geophysical data, the origin and age of the crustal basement forming
the Cayman or Camaguey Ridge are important and unsolved problems. The Cayman Ridge has
become an isolated structural high due to two major tectonic events: the opening of the Yucatan
Basin and the Cayman Trough transform fault. The left-lateral strike-slip of the northern Caribbean
Plate boundary at a rate of about 2 cm/yr along the Cayman Trough has resulted in displacement of
about 1200 km along the plate boundary. The complement of the Cayman Ridge is therefore not to
be found in the Nicaragua Rise to the south, but rather in the Greater Antilles to the east. The

relatively shallow depth (3 km) and thick crust of the Cayman Ridge (17 to 20 km; Ewing et al.,
1960; Bowin, 1968, 1976; Dillon et al., 1972; Rosencrantz, 1990) are consistent with the idea that
it may represent a Late Cretaceous island arc complex, as supported by radiometric ages of
granodiorites and amphibolites dredged from the north wall of the Cayman Trench (Perfit and
Heezen, 1978). Dredging at higher levels in the trench wall shows that these plutonic basement
rocks are overlain by Late Cretaceous and Paleocene volcanics and carbonates.
Proposed site S-2B on Leg 165 is the first attempt at deep-sea drilling in the region of the Cayman
Ridge and Yucatan Basin. Results from this site not only will address the age and nature of the
ridge basement but will also have a bearing on the age and opening of the Yucatan Basin to the
west.
Regional Geology of Drilling Targets
Cayman Ridge and Yucatan Basin
The Caribbean region to be studied during Leg 165 covers a great variety of structural and geologic
terrains that can be divided into six principal areas (Fig. 12). The Yucatan Basin is perhaps the
least known of these regions. It is divided into the Yucatan Plain to the west and northwest, and
the Camaguey Ridge and Cayman Ridge complex to the southeast. The latter includes the location
of Leg 165 proposed site S-2B and alternate site S-2C (Fig. 1). A number of seismic refraction,
gravity, and magnetic studies have explored the nature and origin of the Yucatan Basin (Ewing et
al., 1960; Edgar et al., 1971; Bowin, 1976; Hall and Yeung, 1980; Yeung, 1981; Rosencrantz,
1990). The relatively deep (4.5 km) basin that forms the Yucatan Plain is most likely underlain by
oceanic crust, produced by Late Cretaceous to Eocene back-arc spreading behind the Cuban arc
(Pindell and Dewey, 1982; Holcombe et al., 1990). A tentative age of 72 to 51 Ma has been
assigned to the magnetic lineations in the basin (Yeung, 1981). By comparison, the Camaguey/
Cayman Ridge region is relatively shallow (3 km) and underlain by thick crust that probably
originated as a volcanic arc complex, judging from outcrops in the north wall of the Cayman
Trough (Perfit and Heezen, 1978; Holcombe et al., 1990). Basement ages of the Camaguey/
Cayman Ridge are unknown but are probably mid to Late Cretaceous.
Only the surficial sediments are known in the Yucatan Basin. The Yucatan Plain is covered by
turbidites of terrigenous sands and muds (0.5 to 1.5 sec thick; Dillon and Vedder, 1973), while the
Camaguey/Cayman Ridge is isolated from the influx of terrigenous sediments and is covered by
pelagic ooze and chalk.

Nicaragua Rise
The Nicaragua Rise extends eastward across the Caribbean, from Honduras to Jamaica. It includes
Leg 165 primary proposed site NR-1/2 (Pedro Channel) on the northern Nicaragua Rise and
alternate site NR-4 (Walton Basin) (Fig. 1). The Rise is capped by a number of prominent
shallow-water carbonate banks, including the Pedro Bank and the Rosalind Bank. Based on the
relatively great crustal thickness (20 km) of the Rise, outcrops in the south wall of the Cayman
Trough, and evidence from several deep wells, the crust is most likely made up of Cretaceous to
Early Tertiary volcanic island arc complexes (Case, 1975; Perfit and Heezen, 1978; Holcombe et
al., 1990).
Sediment cover on the rise is principally Paleocene to Miocene limestone, marl, and siltstone,
reflecting depositional environments ranging from nearshore to biogenic carbonate deposition
(Arden, 1975; Holcombe et al., 1990). Shallow carbonate sedimentation characterized the rise
from late Eocene to middle Miocene time, forming a continuous carbonate platform. In the middle
Miocene, this platform was segmented into a series of smaller banks as a result of strike-slip
movement at the Caribbean plate boundary to the north. The easternmost portion of the megabank
was uplifted to form Jamaica. Since the segmentation, shallow carbonate sedimentation has
continued on the elevated portions of the rise, whereas deep-water periplatform oozes were
deposited in the surrounding seaways and basins.

Lower Nicaragua Rise
Three of the Leg 165 proposed sites are located on the lower Nicaragua Rise, primary proposed
site S-3B and alternate sites S-5/NR-8 and S-3C (Fig. 1). This region of highly variable relief has
a complex history, involving extensive deformation, including faults, ridges, troughs and young
volcanoes (La Providencia and San Andres islands). On the basis of the overall depth of the Rise
and on evidence from seismic refraction and drilling, the crust has been regarded as of oceanic
origin, similar to that in the Colombia Basin to the south (Ewing et al., 1960; Edgar et al., 1971;
Holcombe et al., 1990). It was probably formed in the Pacific Ocean during the Mesozoic as an
oceanic plateau, and is thus of fundamentally different character than the Nicaragua Rise. The

highly disturbed character of this province may be due to wrench faulting between the stable
Nicaragua Rise to the northwest and the Caribbean Basin crust to the south.
Sediment cover of the Rise is dominantly pelagic carbonates, with minor amounts of clay, judging
from DSDP Site 152 along the Hess Escarpment on the southeast end of the Rise (Edgar,
Saunders, et al., 1973). The sediment record extends from the Campanian to at least mid Tertiary,
and includes the important basin-wide seismic reflector A”, which correlates with an Eocene chert
and chalk sequence.
Colombia Basin and Beata Ridge
The southern part of the Caribbean, including the Colombia Basin and Beata Ridge, is underlain by
oceanic crust of Cretaceous or possibly Late Jurassic age. In the 3 to 4.3 km deep Colombia Basin
the crust has typical oceanic seismic velocities. However, it is up to twice as thick as typical
oceanic crust (up to 18 km; Ewing et al., 1960), although it is thinner in the western part (Houtz
and Ludwig, 1977). The widespread seismic reflector B” correlates with the top of the Cretaceous
basalt flow and sill complex (Bowland and Rosencrantz, 1988). Primary proposed site S-6 is
located on an unnamed rise in the central Colombia Basin (Fig. 1).
The sedimentary succession in the Colombia Basin is very thick, 1 to 3 s on regional seismic
reflection profiles (about 1 to 4 km), and thickening to >6 s beneath the Magdalena Fan to the
southeast (Bowland, 1993). Thick turbidites dominate much of the basin sedimentation, derived
from the Colombian Andes to the south. In the western part of the basin, sediments were
previously sampled by drilling on a knoll at DSDP Site 154, recovering upper Miocene to Pliocene
terrigenous deposits, containing turbidites, overlain by Pliocene and younger pelagic foraminiferbearing nannofossil marls (Saunders et al., 1973). A marked decrease in the deposition of
terrigenous sediments is apparent with time. A similar lithology was recovered by drilling of the
more elevated DSDP Site 502 on the Mono Rise, except that turbidites were absent (Prell et al.,
1982). We anticipate that proposed site S-6 is similarly out of reach of near-bottom sediment
transport and the turbidite wedge. Seismic horizon A” is present in the central part of the Colombia
Basin, and thus in the region of proposed site S-6 (Bowland, 1993). The interval beneath A” is
believed to be mainly Upper Cretaceous and Lower Tertiary pelagic limestone, chalk, chert, and
clay deposited in an open marine environment (Bowland, 1993).

Venezuela Basin

The deep (3 to 5 km) Venezuela Basin is underlain by igneous oceanic crust throughout, marked
by the seismic horizon B”. In the western region, the B” horizon is a smooth surface, whereas in
the eastern part the B” horizon has the rough surface character more characteristic of normal
oceanic crust (Diebold et al., 1981; Diebold and Driscoll, 1995). Northeast trending magnetic
anomalies in the basin have been interpreted as reflecting crustal accretion at a spreading ridge,
between 127 and 155 Ma (Ghosh et al., 1984). Leg 165 alternate sites S-7 and S-7A are located in
the Venezuela Basin (Fig. 1).
The outer margins of the basin are dominated by thick, turbidite-filled abyssal plains, which have
not been penetrated by deep-sea drilling (Holcombe et al., 1990). On the other hand, DSDP drill
sites in the interior of the basin have recovered a thick succession of pelagic sediments (DSDP
Sites 29, 146, 149, and 150; Bader et al., 1970; Edgar, Saunders, et al., 1973). Upper Cretaceous
limestone and marls containing basaltic ash overlie the igneous basement, but at DSDP Site 153 the
Upper Cretaceous sediments include carbonaceous clays, which imply euxinic conditions and
restricted circulation during early evolution of the basin. Paleocene limestones and clays are
overlain by lower Eocene cherts and hard siliceous limestone, which mark seismic horizon A”.
Miocene to Oligocene deposits are foraminiferal-nannofossil chalks and clays. Holocene to
Miocene deposits are foraminiferal-nannofossil chalk oozes, marl oozes, and clays.

Cariaco Basin
Several small basins occur in the boundary zone between the Caribbean Plate and the South
American Plate. The Cariaco Basin at the Venezuelan margin is an area of fault-controlled recent
sedimentation, a pull-apart basin (Schubert, 1982) defined by the right-lateral strike-slip between
the two plates (Moron-Sebastian-El Pilar fault). Rates of slip along these faults are on the order of
12 to 50 mm/yr, leading to a 25 to 100 km offset, which formed the Cariaco Basin in 2 m.y.
(Mann et al., 1990; Ladd et al., 1990). The underlying basement is thought to be a complex
mixture of metamorphosed slices or nappes of both plates, including ophiolite and metamorphic
rocks of sedimentary and volcanic origin.
DSDP Leg 15 cored Site 147 in the Cariaco Basin to a depth of 189 m (Edgar, Saunders, et al.,
1973). Sediments from this site and from nearby piston cores indicate an upper anoxic unit up to

10 m thick consisting of annually laminated (Hughen, et al., in press), grayish-green silty clays.
This unit, the base of which has been radiocarbon dated at 12.6 ka (Peterson et al., 1991), overlies
a bioturbated unit of yellowish-brown silty clays clearly deposited under oxic seafloor conditions.
Laminated, anoxic sediments return at the base of long piston cores at ~26 ka, a point in time that
places this event near the end of δ18O Stage 3. Previous drilling at Site 147 suggests that most of
the older sedimentary sequence was similarly deposited under anoxic conditions. The lack of
bioturbation that results from anoxic depositional conditions, coupled with the high sedimentation
rates (30 to 100 cm/k.y.), will allow for reconstruction of a unique and detailed record of climate
change and paleoceanographic conditions during the late Quaternary. Primary proposed site CB-1A
will be drilled to a depth of 180 m at the location of Site 147 (Fig. 1).
DRILLING STRATEGY

Leg 165 will follow a drilling strategy that will provide a transect of APC, XCB, and rotary cores
of Cretaceous to Cenozoic sedimentary deposits across the northern and western Caribbean, and
the Cariaco Basin of offshore Venezuela. All sites will be single APC cored to refusal
(approximately 150-200 mbsf). The Cariaco Basin proposed site CB-1A will be triple APC/XCB
cored to 180 mbsf.
For the Cretaceous/Tertiary objectives, the distribution of sites will provide information on
variation of the thickness, grain size, and lithology of the impact ejecta deposit from proximal
(S-2B; ~400 km paleodistance from Chicxulub) to distal areas, with distal sites fanning out from
southwest to southeast of the crater. During rotary drilling of the relatively thin K/T boundary
deposit, we propose to enhance core recovery by drilling only half a core barrel before core
recovery in this drilling interval, in order to prevent core loss.
Rotary coring into the igneous basement at several of the primary sites will provide important
information about the composition, age, and character of the basaltic rocks that underlie the
sediments of the Caribbean and contribute to its anomalous crustal thickness. These samples are
critical for an evaluation of the Caribbean basement as a large igneous province (LIP) that was
transported from the Pacific.
The primary site on the northern Nicaragua Rise will be drilled to the level of an inferred drowned
megabank to reconstruct the history of subsidence. The overlying sediments will provide a record

of the development of the Caribbean current and its intensification as the Isthmus of Panama
formed and the Central American Seaway closed.
In the shallow drilling (~180 m) proposed in the Cariaco Basin, a continuous, high-resolution
record of sedimentation during the late Quaternary is sought. The most complete core recovery will
be obtained here by triple, overlapping APC coring.
Logging Plan

To achieve the three objectives of Caribbean paleoceanography (late Mesozoic-early Cenozoic
climate variability of tropical oceans, ejecta dispersal and biotic consequences associated with the
K/T boundary impact, and high-resolution variability of Quaternary tropical oceans and climate),
downhole measurements will comprise an important component of the proposed science because
core recovery in the deepest sediments, those representing the late Mesozoic-early Cenozoic
transition, is likely to be low.
Standard logs are to be run in high-resolution mode (1-in. sampling) and some intervals could be
logged several times. Log measurements will not be required at proposed site CB-1A in the
Cariaco Basin because of shallow penetration depth.
The Cretaceous and Cenozoic sedimentary record in this region is dominated by Milankovitch-scale
bedding cycles that will be used for chronostratigraphic purposes; integration of core and log
measurements (formation microscanner (FMS), natural gamma, magnetic susceptibility (GHMT))
of these bedding cycles will be an important science objective of Leg 165. The K/T boundary is
expressed as a well-defined lithologic change over 1 to 2 m (normally graded ejecta overlain by
clay layer), which can be resolved by both standard and higher-resolution log measurements. A
special strategy will be applied in the logging of the K/T boundary section, to get a very high
resolution of a relatively thin deposit (1 to 2 m) of distinct lithology, compared to other sediments.
Because the K/T boundary deposit will be geochemically distinct from the surrounding sediments,
we propose to use the geochemical log to define the boundary better, in case of poor core recovery.
We also anticipate that the boundary deposit has a characteristic high magnetic susceptibility, and
thus will show up as a distinct peak on the GHMT log. If the K/T boundary ejecta deposit has
physical properties that are sufficiently different from the background sediments, the FMS will
give a resistivity image of the formation. It will also allow us to look at the orientation of the
formation contacts and any fabric that might exist in the formation.

This leg may provide an excellent opportunity to use core and log data integration as a means to
reconstruct continuous, detailed records of regional lithologic variability and paleomagnetic
stratigraphy since the late Mesozoic.
Human Hazards
A deep-sea cable lies about 6 nmi southeast of proposed site S-6, and a deep-sea cable lies 7 nmi
north of proposed site NR-4. The precise locations of these cables have been established with the
collaboration of the Underwater Systems Division of AT&T, and are deemed not to present a
problem for drilling operations . No obstructions have been observed in the vicinity of the other
sites.

Hydrocarbon Occurrence
Hydrocarbons will be monitored routinely during all drilling operations, as dictated by ODP
general procedures. Within the region of interest to Leg 165, the only area known to contain
“shows” of hydrocarbons is in the vicinity around the Cariaco Basin (proposed site CB-1A). There
have been no reported shows in the basin itself. The Cariaco Basin and surrounding shelves cover
an area of 23,000 km2. Sediment thickness in the basin is up to 6.2 km, ranging from Cretaceous
to Holocene in age. The oil shows in the region have been observed in Miocene to Pliocene
sediments, with sandstone reservoirs and possible Miocene source rocks. Total potential petroleum
reserves and resources in the surrounding area are estimated as 90 million bbl of oil and 1 to 2000
bcf of gas (Morris et al., 1988). No hydrocarbons were encountered in the drilling of DSDP Site
147 in this basin. Bacterially produced methane is present in the organic-rich sediments of the
anoxic Cariaco Basin. The basin is currently anoxic below a water depth of about 300 m. It is
anticipated that the presence of methane will cause problems in initial core handling as a result of
gas expansion upon the cores’ arrival at the surface.
Weather and Currents
The Caribbean hurricane season is from June to November, whereas Leg 165 is scheduled from 24
December 1995 to 18 February 1996. Weather conditions generally should be very good in the
region. At most sites the surface currents range from 0.4 to 1.2 statute mi/hr and should pose no
problems to drilling operations.

SAMPLING OF CRITICAL INTERVALS
One of the major objectives of Leg 165 is the recovery of the K/T boundary deposit in the
Caribbean. In view of its scientific importance, the K/T boundary must be regarded as a critical
interval in the sediments cored during this leg, and sampled accordingly. This critical interval is the
boundary deposit itself, which may be up to 1 or 2 m thick, and the sediments 3 m above and
below the boundary deposit. In addition to its biostratigraphic identification, the boundary can be
defined by geochemical means. Such an identification of the boundary is important for the
scientific goals of the leg. This will be done on board the vessel by analysis of a suite of trace
elements that are diagnostic of the boundary impact ejecta (altered impact glass and aerosol fallout).
Samples for onboard XRF analysis of trace elements will be routinely taken at close spacing from
the sediment throughout this critical interval, as well as in the K/T boundary deposit itself. This
sampling for onboard XRF analysis will be done at primary proposed sites S-2B, S-6, and S-3B,
or at their back-up sites.
X-Ray Fluorescence Laboratory
The analysis of trace elements by XRF methods is required during the cruise. This will involve
both freeze-dried and powdered sediment samples of approximately 10 cc, as well as samples of
basement or igneous rocks.
IMPACT OF JANUS TESTING ON LEG 165 CRUISE PARTICIPANTS
ODP and Tracor have been mandated by the JOIDES panels to begin the testing of specific
components of the new JANUS database system in the shipboard environment on Leg 165. Other
components are scheduled to be tested on subsequent legs until full implementation is achieved.
During Leg 165 the cooperation of the technical staff and scientific party members will be
requested at times during the cruise to enter duplicate data and provide feedback to Tracor
representatives on the look and feel and ease of use of the new database interface. The Tracor
representatives will also be available to help with duplicate data entry. While every effort will be
made to minimize the impact on the scientific party, it is imperative that this testing be performed
on schedule. It should be remembered that the data entered into the new database are strictly for test
purposes and not for scientific use.

Hardware
Space will be required in the core entry area for the installation of a PC and bar code printer. This
system will be used for the entry of CORELOG data into the new ORACLE database. In addition,
a PC and bar code printer will be required near the sampling area for sample data entry into the new
database, and another PC near the description table to add sub-section data (this information will be
used in a new depth calculation scheme). In some cases, it may be possible to use existing
hardware in the Core Laboratory areas to run the new programs, to conserve space and minimize
the impact of JANUS-related testing on Leg 165.
Software
The CORELOG, SAMPLE, and LEG/SITE/HOLE & DRILLING data entry portions of the new
database will be ready for testing on Leg 165. In addition, Tracor will be ready to test programs
they are developing to grab flat file data output from the MST system and the thermal conductivity,
sonic velocity, shear strength, and pycnometer instruments.
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Figure 1: Location of primary and alternate sites in the Caribbean, to be drilled during ODP Leg
165.
Figure 2: Paleogeographic plate-tectonic reconstruction of the Caribbean region at
Cretaceous/Tertiary boundary time, based on the Paleocene (ca. 59 Ma) reconstruction of Pindell
and Barrett (1990). The figure shows the location of the Chicxulub impact crater, and the important
K/T boundary impact deposits in Beloc, Haiti, and Mimbral, Mexico. Also shown are the
approximate locations of the Leg 165 sites, which will recover the K/T boundary ejecta deposit.
Figure 3 A: The global thickness distribution of the K/T boundary ejecta deposit (data from
Hildebrand and Stansberry, 1992). The thickness distribution can best be represented as a twosegment plot, in the form of ln (-thickness) vs. Square root of isopach area. An assumption is
made that the thickness isopachs are circular in shape. The intersection of the two segments is at a
distance of 1400 km from the Chicxulub impact crater.
Figure 3B: Distribution of the K/T boundary impact fallout on the Earth. The vast majority of the
ejecta is within a 1400 km radius of the Chicxulub crater, or on 1.2% of the Earth’s surface. The
distal ejecta fallout represents an atmospheric mass loading of about 0.27 g/cm2.
Figure 4: Stratigraphic relations and carbonate abundance in the K/T boundary impact deposit in
the Beloc region in Haiti. The deposit consists of three units: (1) impact glass fallout (tektite fall
unit); (2) impact glass gravity flow with carbonate clasts and carbonate matrix (turbidite?); (3)
interbedded smectite (altered glass) and carbonate unit, with a thin (<1 cm) iridium-rich layer at the
top, which contains shocked quartz grains. On the left of the figure is the bulk carbonate variation
in the boundary deposit and adjacent Tertiary and Cretaceous sediments. Vertical scale in
centimeters.
Figure 5: Magnetic susceptibility record of upper Maastrichtian cores 15 and 16 from DSDP Site
146 (unpubl. data from J. King and P. Gangemi). The low magnetic susceptibility values
correspond to intervals of lighter colored sediment, and high values correspond to relatively dark
sediment intervals.
Figure 6: High- to low-latitude surface water δ18O gradients of (A) the late Eocene and early
Oligocene, and (B) the early Eocene. Note the low apparent gradients in both the Eocene and early
Oligocene oceans, relative to Holocene gradients. Also note the relatively low values at low
latitudes in the late Eocene and early Oligocene. With the exception of one early Eocene sample

from poorly recovered Site 152 sediments, none of these data are from the Caribbean. Only two
other samples between 0° and 30°N are from the greater Atlantic region, one from the early
Oligocene and one from late Eocene (both in the Gulf of Mexico at 20°N; from Zachos et al.,
1990).
Figure 7: Simplified paleoreconstructions of the Caribbean (after Pindell et al., 1988), showing the
timing of proposed megabank foundering and the resultant current regimes from Oligocene to the
present (based on model of Droxler et al., 1992).
Figure 8: Metastable CaCO3 composite dissolution index (CDI) for Nicaragua Rise cores CH880275 and CH8802-73 (Haddad, 1994), compared to (A) percentage of foraminifer fragments and (B)
benthic foraminiferal δ13C from the deep Venezuela Basin. Similarities between these records
suggest that Caribbean carbon chemistry has been similar from the base of the thermocline to
abyssal depths during the last 250 k.y. (C) shows good correlation between the shallow
intermediate water CDI record and % NADW (Raymo et al., 1990). High NADW formation
corresponds to high AAIW flux into the North Atlantic and Caribbean and poor carbonate
preservation. Low NADW formation corresponds to low AAIW flux into the Caribbean and good
carbonate preservation. (D) shows that reduced southern source upper water layer advection into
the Caribbean during periods of good carbonate preservation is also suggested by the near inverse
correlation between G. menardii-tumida abundance and the CDI.
Figure 9: Plate tectonic evolution of the Caribbean region, assuming a Galapagos hot-spot source
for the Caribbean large igneous province (Duncan and Hargraves, 1984). Upper figure shows the
configuration of the region at 80 Ma, with the oceanic plateau formed at the Galapagos hot spot
(solid circle) shown in stippled pattern. Arrows indicate plate motion vectors. The lower figure
shows the configuration at 60 Ma, where CA is the Central America arc, G is the Galapagos hot
spot, and S is the Sala y Gomez hot spot.
Figure 10: Neodynium and strontium isotopic data on Leg 15 basalts from the Caribbean oceanic
plateau (G. Waggoner in Speed et al., 1987), the Dumisseau Formation in Haiti (Sen et al., 1988),
the Galapagos hot spot basalts (K. Harpp, unpubl., 1990), and other oceanic plateau basalts
(Mahoney, 1987). The correspondence in radiogenic isotope character of the Caribbean plateau
basalts and the Galapagos hot spot supports the idea of a common mantle source, and a source of
the Caribbean oceanic plateau from the Galapagos hot spot.

Figure 11: The isotopic ratios 207Pb/204Pb (upper) and 208Pb/204Pb (lower) in basalts and
komatiites from circum-Caribbean regions (Dumisseau Formation, Haiti, and Gorgona Island), in
relation to the isotopic fields for Galapagos hot spot and East Pacific Rise (EPR) basalts.
Figure 12: Caribbean physiographic provinces discussed in the text.

Site: NR-1/2 (Pedro Channel, northern Nicaragua Rise)
Priority: 1
Position: 16.553°N, 79.866°W
Water Depth: 910 m
Sediment Thickness: 600 m (approved to a depth of 650 mbsf)
Seismic Coverage: SCS lines CH9204-30 and CH9204-05; SP 1495 on SCS line CH9204-30
Objectives:
1) Estimate the timing (possibly middle Miocene?) for the formation of Pedro Channel by drilling
in the transition from periplatform sediments to the underlying shallow water limestones (i.e., the
upper part of the drowned megabank). Seaways formed by the partial drowning of the carbonate
megabank covering the northern Nicaragua Rise during the Oligocene and early Miocene (Pedro
Channel and Walton Basin; NR-1/2 and alternate site NR-4), are part of a major gateway opening
along the Nicaragua Rise for the Caribbean Current. The formation of these seaways has therefore
played a significant role in the establishment of the modern Western Boundary Current in the North
Atlantic Ocean.
2) Unravel the history of the Caribbean Current across the northern Nicaragua Rise by drilling the
sedimentary periplatform sequence overlying the drowned parts of the megabank. In addition to the
widening and deepening of the newly formed northern Nicaragua Rise seaways, variations of the
Caribbean Current strength since the late Miocene would also be related to the gradual shoaling and
ultimate closure of the Central American Seaway in the mid Pliocene (Coates et al., 1992). The
drilling strategy is to penetrate the most continuous periplatform section, first to develop late
Neogene litho- and chronostratigraphies, and then to analyze the direct influence of the Caribbean
Current on the sediment deposition. By drilling this sedimentary sequence, features in the highresolution seismic lines away from NR-1/2 (e.g., as major erosion, tectonic displacement) could be
placed within a chrono- and lithostratigraphic framework.
Drilling Program: Hole A: APC to refusal, XCB to total depth (carbonate platform). Hole B (if
required): wash-down, RCB to total depth. Time permitting, a second APC-only hole will be
drilled.
Logging and Downhole Operations: Four runs with the quad combo-tool string, geochemical
tool string, GHMT magnetic logging tool, and FMS. Core orientation on Hole A.
Nature of Rock Anticipated: Periplatform oozes and lithified neritic carbonates.

Site: S-3B (lower Nicaragua Rise, near DSDP Site 152)
Priority: 1
Position: 15.757°N, 74.910°W
Water Depth: 3322 m
Sediment Thickness: 460 m (approved to a depth of 470 mbsf)
Seismic Coverage: SCS lines E9417-10 and E9417-5A; SP 1500 on SCS Line E9417-10
Objectives:
(1) Recovery of a relatively undisturbed high-resolution, deep-water K/T sequence.
(2) Cretaceous and Paleogene sediments suitable for isotopic reconstruction of low latitude surface
water temperatures (e.g., for determining latitudinal gradients in Late Cretaceous and assessing the
relative importance of greenhouse gas concentrations (i.e., atmospheric CO2) and latitudinal heat
transport to Late Cretaceous climate).
(3) Development of high-resolution low latitude Late Cretaceous and Paleogene
chronostratigraphy.
(4) Assessment of low latitude paleoceanographic changes that have taken place from Late
Cretaceous to Holocene times.
Drilling Program: Hole A: APC to refusal, XCB/MDCB to basement; 10 m basement
penetration.
Logging and Downhole Operations: Four runs with the quad-combo tool string, geochemical
tool string, GHMT magnetic logging tool, and multiple passes of FMS in K/T boundary interval.
Nature of Rock Anticipated: Nannofossil foraminiferal ooze, chalks, marls, cherts, and basalts.

Site: CB-1A (Cariaco Basin, DSDP Site 147)
Priority: 1
Position: 10.708°N, 65.175°W
Water Depth: 892 m
Sediment Thickness: 1500 m (approved to a depth of 180 mbsf)
Seismic Coverage: SCS survey from PLUME Leg 07, lines K1-J1 and W1-X1
Objectives: Extremely high-resolution records for studying
(1) Rates and magnitudes of tropical Atlantic climate change at interannual to millennial time scales
over the late Quaternary (including late Quaternary variability in tradewind intensity and position of
the intertropical convergence zone).
(2) Relationships between Cariaco Basin ventilation and paleoclimatic and paleoceanographic
change in the late Quaternary.
(3) Relationships between environmental change and sedimentary and geochemical properties in
modern large anoxic basins.
(4) A downstream link to paleoceanographic objectives of Amazon Fan drilling (Leg 155). Redrilling of DSDP Site 147 (Leg 15).
Drilling Program: Triple APC/XCB to 180 mbsf.
Logging and Downhole Operations: Core orientation on Hole A and Hole B.
Nature of Rock Anticipated: Nannofossil foraminiferal ooze, hemipelagic silts and clays,
chalks, marls.

SITE SUMMARIES
PROPOSED SECONDARY SITES

(No prioritization of sites should be inferred)

Site: NR-4 (Walton Basin, northern Nicaragua Rise)
Priority: 2
Position: 17.38°N, 77.709°W
Water Depth: 850 m
Sediment Thickness: 350 m (approved to a depth of 400 mbsf)
Seismic Coverage: SCS lines CH0288-31 and CH 0288-36; SP 800 on SCS line CH0288-31
Objectives: To closely date the middle Miocene(?) submergence of the Walton Basin, the second
prominent gateway for Caribbean Current flow over the northern Nicaragua Rise (for closer
estimation of the timing of Caribbean Current initiation, since it should resolve any possible
diachroneity in subsidence of the Pedro Channel and Walton Basin). The comparisons between
proposed sites NR-1/2 and NR-4 are essential to estimate the possible diachronous formation of
Pedro Channel and Walton Basin through partial drowning of the megabank, in addition to the
differences and similarities in the history of the Caribbean Current between both basins (see
Droxler et al., 1993). Otherwise, its late Neogene and Quaternary paleoceanographic utility should
be similar to that of proposed site NR-1.
Drilling Program: Hole A: APC to refusal, XCB to total depth (carbonate platform). Hole B (if
required): wash-down, RCB to total depth.
Logging and Downhole Operations: Four runs with the quad-combo tool string, geochemical
tool string, GHMT magnetic logging tool, and FMS.
Nature of Rock Anticipated: Periplatform oozes and lithified neritic carbonates.
Human Hazards: A SE-NW-trending Jamaica-Cayman undersea cable lies 7 nmi north of this
site (chart INT 402 DMA 1985). A letter from Captain Glyn Wrench, of Cable and Wireless
Marine Ltd., confirms that the cable is 10 km from the site, and that drilling at this site “would not
cause a problem” in connection with the cable (3/20/95).

Site: S-2C (Cayman Ridge)
Priority: 2 (alternate to proposed site S-2B)
Position: 19.343°N, 83.10°W
Water Depth: 3120 m
Sediment Thickness: 855 m (approved to a depth of 870 mbsf)
Seismic Coverage: SCS lines E9417-18 and E9417-16; SP 500 on SCS line E9417-16
Objectives:
(1) Determining processes of impact deposition at a K/T boundary sequence relatively proximal to
the Yucatan Peninsula.
(2) Isotopic and microfaunal/floral documentation of regional paleoceanographic conditions before
and after middle Miocene(?) subsidence of the northern Nicaragua Rise (i.e., the Neogene initiation
and downstream evolution of the Caribbean Current downstream of the Nicaragua Rise).
(3) Assessing the history of Atlantic intermediate waters in the Yucatan Basin.
(4) Age and nature of the Cayman Ridge basement.
Drilling Program: Hole A: APC to refusal, XCB to total depth (basement). Hole B (if necessary):
wash-down, RCB to basement.
Logging and Downhole Operations: Four runs with the quad-combo tool string, geochemical
tool string, GHMT magnetic logging tool, and multiple passes of FMS through K/T boundary
interval. Core orientation on Hole A.
Nature of Rock Anticipated: Nannofossil foraminiferal ooze, hemipelagic clay, chalks, marls,
cherts, and basalts.

Site: S-3C (lower Nicaragua Rise, near DSDP Site 152)
Priority: 2 (alternate to proposed site S-3B)
Position: 15.96°N, 74.65°W
Water Depth: 3382 m
Sediment Thickness: 521 m (approved to a depth of 540 mbsf)
Seismic Coverage: SCS line E9417-08; SP 500 on SCS line E9417-08
Objectives:
(1) Recovery of a relatively undisturbed high-resolution, deep-water K/T sequence.
(2) Cretaceous and Paleogene sediments suitable for isotopic reconstruction of low latitude surface
water temperatures (for determining latitudinal gradients in Late Cretaceous sea-surface temperature
and assessing the relative importance of greenhouse gas concentrations (i.e., atmospheric CO2)
and latitudinal heat transport to Late Cretaceous climate).
(3) Development of high-resolution low-latitude Cretaceous and Paleogene chronostratigraphy.
(4) Assessment of low latitude paleoceanographic changes that have taken place from Late
Cretaceous to Holocene times.
Drilling Program: Hole A: APC to refusal, XCB/MDCB to basement.
Logging and Downhole Operations: Four runs with the quad-combo tool string, geochemical
tool string, GHMT magnetic logging tool, and multiple passes of FMS in K/T boundary interval.
Nature of Rock Anticipated: Nannofossil foraminiferal ooze, chalks, marls, cherts, and basalts.

Site: S-7 (Venezuela Basin, near DSDP Sites 146/149)
Priority: 2
Position: 15.12°N, 69.38°W
Water Depth: 3949 m
Sediment Thickness: 738 m (approved to a depth of 760 mbsf)
Seismic Coverage: MCS lines C21-03-119 and 120
Objectives:
(1) Recovery of a K/T sequence distal from the proposed Chicxulub impact site.
(2) Recovery of sequences suitable for documenting low latitude paleoceanographic trends and
events of the Cretaceous and Paleogene.
(3) Recovery of relatively deep water (3750 m) sediments for documentation of deep and
intermediate Caribbean watermass response to Neogene and Quaternary variations in the oceanclimate system.
Drilling Program: Hole A: APC to refusal, XCB/MDCB to refusal. Hole B: wash-down, RCB to
basement.
Logging and Downhole Operations: Four runs with the quad-combo tool string, geochemical
tool string, GHMT magnetic logging tool, and multiple passes of FMS.
Nature of Rock Anticipated: Nannofossil foraminiferal ooze, chalks, marls, cherts, and basalts.

Site: S-7A (Venezuela Basin, near DSDP Sites 146/149)
Priority: 3 (alternate to proposed site S-7)
Position: 14.98°N, 68.90°W
Water Depth: 4110 m
Sediment Thickness: 738 m (approved to a depth of 760 mbsf)
Seismic Coverage: UTIG MCS line VB-1-SA and VB-3-N; 8 km SSW of 15.05°N, 68.90°W, on
seismic line VB-1-SA, to a new location at 14.98°N, 68.90°W
Objectives:
(1) Recovery of a K/T sequence distal from the proposed Chicxulub impact site.
(2) Recovery of sequences suitable for documenting low latitude paleoceanographic trends and
events of the Cretaceous and Paleogene.
(3) Recovery of relatively deep water (3750 m) sediments for documentation of deep Caribbean
watermass response to Neogene and Quaternary variation in the ocean-climate system.
Drilling Program: Hole A: APC to refusal, XCB/MDCB to refusal. Hole B: wash-down, RCB to
basement.
Logging and Downhole Operations: Four runs with the quad-combo tool string, geochemical
tool string, GHMT magnetic logging tool, and multiple passes of FMS.
Nature of Rock Anticipated: Nannofossil foraminiferal ooze, chalks, marls, cherts, and basalts.

Site: S-5/NR-8
Priority: 2 (alternate to proposed site S-6)
Position: 15.00°N, 77.68°W
Water Depth: 2080 m
Sediment Thickness: 1105 m (approved to a depth of 1125 mbsf)
Seismic Coverage: UTIG MCS line CT1-28B, SP 4500
Objectives:
(1) Recovery of a distal high resolution K/T sequence located along a trajectory path suitable for
testing the direction of the K/T impact and evaluating the different types of emplacement processes
associated with particle dispersal by the impact.
(2) Cretaceous and Paleogene ocean climate history.
(3) Neogene carbonates suitable for documenting the “upstream” history of the Caribbean Current
before, during, and after subsidence of the Northern Nicaragua Rise and closure of the Isthmus of
Panama.
Drilling Program: Hole A: APC to refusal, XCB to refusal. Hole B: wash-down, RCB to total
depth.
Logging and Downhole Operations: Four runs with the quad-combo tool string, geochemical
tool string, GHMT magnetic logging tool, and multiple passes of FMS through K/T boundary
interval.
Nature of Rock Anticipated: Nannofossil foraminiferal ooze, chalks, marls, cherts, and basalts.
Human Hazards: A N-S-trending cable lies 31 nmi to the east of the site (chart INT 402 DMA
1985).
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