Norris, R.D., Kroon, D., Klaus, A., et a., 1998
Proceedings of the Ocean Drilling Program, Initial Reports, Vol. 171B

1. INTRODUCTION?

Shipboard Scientific Party?

The sediments on the Blake Plateau and the Blake Nose in the
western North Atlantic Ocean offer an ideal record for reconstructing
variability in Cretaceous and early Cenozoic deep-water circulation
and sedimentation history, which are closely linked to climate
change. Paleogene and Barremian—Maastrichtian strata crop out, or
are shallowly buried, in present water depths of 1200 m to more than
2700 m across the plateau. The plateau spanned a similar range of
depths during the early Cenozoic because margin subsidence was
nearly complete by the Early Cretaceous, and minor subsidence since
then has been partly offset by reduced sea level after the Eocene.
Thus, a depth transect of cores along the pal eoslope provides infor-
mation on depth-dependent sedimentation, deep-ocean chemistry,
and biotathat can be used to reconstruct the past vertical structure and
circulation of the western North Atlantic Ocean. In addition, dataon
the variability of Paleogene and Cretaceous fossil groups from the
Blake Nose should make a significant contribution to the interpreta-
tion of their evolution in response to episodes of changes in deep-
water circulation and bolide impact events.

The Cretaceous and Paleogene Blake Nose sediments span nu-
merous events of paleoceanographic and biological significance, in-
cluding short-term perturbations like the mid-Maastrichtian cooling,
the Cretaceous—Paleogene extinction, the late Paleocene extinction,
and the late Eoceneimpact horizons. There are also several long-term
trends during the period such as the mid-Cretaceous anoxic events,
the Aptian—Albian warm period, the Paleocene carbon isotope in-
crease, the early Eocene warm period, and the middle to |ate Eocene
cooling. These events, or trends, are associated with changes in the

duction (e.g., Curry et al., 1990; Peterson et al., 1992; Berger et al.,
1993). Transects that include sites at shallow depths also can be used
to reconstruct changes in the sources of intermediate waters and to
detect patterns of water-mass circulation (Curry and Lohmann, 1986;
Slowey and Curry, 1987, 1992; Lynch-Stieglitz et al., 1994; Kennett
and Stott, 1990). The origin of a water mass can be inferred both by
measuring the characteris&&C and Cd chemistry preserved in the
shells of benthic foraminifers and by analyzing the faunal composi-
tion (Streeter and Shackleton, 1979; Boyle and Keigwin, 1982; Curry
et al., 1988; Boyle, 1990; Charles and Fairbanks, 1992; Wright et al.,
1992; Oppo and Rosenthal, 1994).

The Blake Nose transect extends over water depths between 1293
and 2586 meters below sea level (mbsl) for a total vertical range of
1293 m. This depth range spans the upper and lower boundaries of
modern intermediate waters and Upper North Atlantic Deep Water;
therefore, this transect is well located to monitor the vertical structure
of intermediate waters in the Cretaceous and Paleogene as well as
depth-related changes in sedimentation and benthic fauna. In addi-
tion, our sites can be compared with recent onshore coring by the
United States Geological Survey to provide a total vertical depth
range of nearly 3000 m and a horizontal transect of more than 320 km
from the Carolina coast to the edge of the Blake Escarpment.

GEOPHYSICAL AND GEOLOGICAL BACKGROUND

The Blake Nose, or Blake Spur, is a salient on the eastern margin

Earth’s biota, biogeochemical cycling, and oceanographic circulaef the Blake Plateau, due east of the Florida—Georgia border (Figs. 1,
tion. Nonetheless, the records of many of the Cretaceous and Pal&)- The Blake Plateau is mostly <1000 m deep, but drops sharply to
gene events are poorly dated and poorly understood because of theater depths of >4000 m at the Blake Escarpment because of conti-
sparse representation in deep-sea cores or their occurrence at greaital slope erosion. In contrast, the Blake Nose is a gentle ramp that
burial depth. The sedimentary record on the Blake Nose has the coneaches a maximum depth of about 2700 m at the Blake Escarpment.
bination of good microfossil preservation, unlithified sediments ofThe Blake Plateau and the Blake Nose are each composed of an 8- to
great age exposed near the seafloor, and continuity of sedimentat2-km-thick sequence of Jurassic and Lower Cretaceous limestone
packages across the slope that are needed to reconstruct a detailed is capped by <1 km of Upper Cretaceous and Cenozoic deposits
history of the Paleogene and Cretaceous oceans. (Benson, Sheridan, et al., 1978).

Seismic records show the presence of buried reef buildups at the
landward end of the Blake Nose (Figs. 2, 3 [back-pocket foldout, this
volume], 4). Fore-reef deposits and pelagic oozes, built seaward of
the reef front, rest on relatively flat-lying Neocomi@arremian

Recently, much attention has focused on reconstructing the Ceshallow-water carbonates and serve largely to define the present
ozoic history of deep-water chemistry and carbonate dissolution byathymetric gradient along the Blake Nose. Single-channel seismic
drilling depth transects in the equatorial oceans. Transects have bg&CS) reflection data collected by G&omar Challenger over Deep
drilled on the Walvis Ridge in the South Atlantic, the Ontong-JaveSea Drilling Project (DSDP) Site 390 and more recent SCS and mul-
Plateau in the Pacific, the Madinley Rise and the Oman Margire  tichannel seismic (MCS) reflection data show that as much as 800 m
Indian Ocean, the Maud Rise in the Southern Ocean, and, most & -strata is present between the Campanian and Aptian reflectors up-
cently, the Ceara Rise in the equatorial Atlantic. The strategy behindip of DSDP Site 390 (Hutchinson et al., 1995). Mid-Cretaceous to
drilling these transects is to determine bathymetric changes in caBarremian deposits form a series of major clinoforms that builds out
bonate preservation and to thereby infer the history of changes from, and ultimately overlaps, the reef complex. A strong seismic re-
lysocline depth, oceanic alkalinity, and surface-ocean carbonate prdlector truncates these clinoforms. There may be two cycles of erosion
within the clinoform stack, because those that overlap the reef com-
plex downlap against underlying clinoform deposits.

The mid-Cretaceous sediments that make up most of the clino-
form stack are black to green laminated claystones and sandstones.
Deposits immediately below the Campanian at Site 390 are nanno-
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fossil oozes and calcareous clays of Aptian—Albian age. The Aptian
ooze at DSDP Site 390 can be traced updip in MCS Line TD-5 into
the upper sequence of clinoforms (Fig. 3 [back-pocket foldout, this
volume]). These clinoforms are successively cut into by the pre-
Campanian to early Campanian erosion surface, which suggests that
theremains of the top of the clinoform sequence have aprogressively
older age updip from DSDP Site 390. Drilling during Ocean Drilling
Program (ODP) Leg 171B has shown this to be generdly true, a-
though a thin condensed sequence of Cenomanian to Turonian strata
is present near the middle of the Blake Nose. DSDP Site 390 is about
60 km northeast of the pre-Barremian(?) reef front; therefore, the
lower sequence of clinoforms may be redeposited periplatform de-
posits or reef-front debris.

A hiatus exists between the Albian—Cenomanian and the Campa-
nian along most of the transect. Upper Cretaceous to middle Eocene
carbonate oozesthat rest on the Barremian reef-front deposits are typ-
ically <400-600 m thick and tend to thin toward the edges of the
Blake Nose. This thinning is probably an original depositional fea
ture because reflectors lap out near the Blake Escarpment on all three
sides of the Blake Nose. There has been little deposition of sediments
younger than the Eocene over much of the Blake Nose, as Eocene
00zes are quite soupy at the location of DSDP Site 390. In addition,
some erosion of the surface of the Blake Nose has truncated Eocene
reflectors. As can be seen on MCS Line TD-5, the Eocene and Pal eo-
cene intervals are progressively truncated by erosion at the extreme
western end of the Blake Nose, and the intervals also thin in this di-
rection. A thin (<80 m) veneer of middle Miocene phosphatic marls
restson this erosion surface at the shallow end of the transect, and up-
per Eocene-Oligocene sediments also may be present in patches on
the upper half of the Blake Nose. Other than these sediments, only a
surficial layer, less than a few meters thick, of manganese-phospho-
rite nodules covers the Eocene ooze.

Sedimentation rates estimated from DSDP Site 390 are uniformly
low (0.2-1.5 cm/k.y.). The highest rates are 1.5 cm/k.y. for the mid-
dle Eocene (Benson, Sheridan, et al., 1978). These low values almost
certainly underestimate sedimentation rates on the shallower portions
of the Blake Nose, where thicknesses of Aptian—Albian, Paleocene,
and Eocene strata are much greater than those at DSDP Site 390.
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Shallow-water limestone of Barremian age with aforaminifer fau-
na that suggests depths of deposition of <50 mbsl was recovered at
DSDP Site 390 (Benson, Sheridan, et a., 1978). Water depths in-
creased substantially by the late Albian. Aptian—Albian pelagic oozes
at the eastern end of the Blake Nose were probably deposited at >500
mwater depth, based on ratios of planktonic and benthic foraminifers
(Benson, Sheridan, et al., 1978). If we assume that the reef seen in
seismic records at the western end of the Blake Nose was at sealevel
during the Albian—Aptian and that the depth gradient in the fore-reef
deposits has not changed since that time, then the present difference
in depth between the reef top and the seaward edge of the Blake Nose
(~1500 m) probably reflects the greatest water depth at which the
oozes were deposited on the Blake Nose during the Aptian—Albian
interval. Upper Cretaceous and younger sediments were probably de-
posited somewhat below the present range of water depths (1100-
2700 m; Benson, Sheridan, et al., 1978), given that the sea levels of
those time periods are generally greater than present levels. Therela-
tive depth difference between sites, however, should have been near-
ly the same throughout the deposition of the Cenozoic and Upper
Cretaceous sections. Consequently, once adjustments for sea level
are taken into consideration, we should have unusually accurate esti-
mates of paleowater depth for al the sediments we recover.

Scientific Objectives

The objectivesof ODPLeg 171B wereto drill shallow sites (170—
600 m penetration) in atransect from the margin of the Blake Plateau
to the edge of the Blake Escarpment. Our main interest was to inter-
pret the vertical structure of the Paleogene oceans and to test the
“Warm Saline Deep Water” hypothesis near the proposed source
areas. A related objective was to provide critically needed low-
latitude sediments for interpreting tropical sea-surface temperature
by using well-preserved calcareous microfossils. We also hoped to
investigate cyclicity in Paleogene and Cretaceous sediments that is a
product of orbital cycles. This depth transect provides an excellent
opportunity to recover sections through the Paleocene/Eocene and
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770w 760 source, but periods of weak latitudinal gradients and short episodes of

30025 N T T ] anomalously warm deep water indicate that deep or intermediate

N waters may also have formed near the equator or in a northern area
(Miller et al., 1987; Barrera and Huber, 1990; Stott and Kennett,
1990; Pak and Miller, 1992). Intermittent production of warm saline
deep water may have continued in the Oligocene to middle Miocene
Site 1049 in the remnants of the Tethys seaway (Woodruff and Savin, 1989).
(DSDP Site 390) Alternatively, northern source waters may have formed throughout
the Paleogene and Neogene, most probably in the North Atlantic
N (Wright et al., 1992; Corfield and Norris, 1996). The absence of a
Paleogene or Cretaceous depth transect in the North Atlantic prevents
resolution of this debate. The northern subtropical location of the
Blake Plateau and its position adjacent to the western opening of the
Tethys seaway would place it in the mixing zone between water
masses of different origins during the Paleogene and Late Cretaceous.

The three-dimensional structure of Mesozoic and early Cenozoic
oceans is of great interest because these oceans record climates and
patterns of water-mass development under conditions different from
those of modern seas. Examining deep-water history during periods
with different boundary conditions will allow us to better appreciate
the mechanisms that drive biogeochemical cycles. Studies of Paleo-
gene and Cretaceous deep-water circulation and low-latitude climate
are needed to understand the mechanisms that regulate the formation
Cretaceous/Paleogene boundaries to document critical paleoceano- and geographic distribution of nutrient-rich deep waters in the mod-
graphic and biological evolutionary events surrounding the bound- ern oceans. An understanding of Paleogene and Cretaceous deep-
aries as well as water depth—related variations in sedimentation of tkater structure also is necessary to provide boundary conditions on
boundary beds. Paleomagnetic objectives were to refine the biochrglobal climate models (GCMs) and to test the assumptions used in
nology and magnetochronology of the Paleog€htetaceous period models of the Quaternary oceans.
and to constrain the position of the paleomagnetic poles for the North A depth transect in Cretaceous strata offers an unparalleled oppor-
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Figure 2. Map of the Blake Nose, located in the western North Atlantic
Ocean, showing drilling sites and seismic line (see Fig. 3, back-pocket fold-
out, this volume). Bathymetry isin meters.

American Plate. tunity to study the hydrographic structure of the low-latitude Late
Cretaceous oceans. DSDP Site 390, at the distal end of the Blake
Paleogene and Cretaceous Deep-Water Circulation Nose, recovered a complete upper Campaii@astrichtian se-

quence. Evidence from numerous Southern Ocean sites suggests a

The origin of deep waters exerts a fundamental control on biomajor turnover of austral species at about 71 Ma in the Maastrichtian,
geochemical cycles and global climate. Analysis of time periods imvhich coincides with a majd@**C excursion and extinction of inoc-
which deep-water formation and global temperature gradients magramid mollusks (Ehrendorfer, 1993; Macleod, 1994; Macleod and
have been much different from well-known Pleistocene variabilityHuber, 1996). Low-latitude sites with good recovery and good pres-
offers a test of the models developed to explain climate change. Ocervation through this interval are rare, so it is still unclear whether the
anic circulation during the Paleogene and Cretaceous was quite difigh-latitude turnovers are synchronous with low-latitude biotic cri-
ferent from that of the modern ocean, partially because of the greeses. Preliminary data from Hole 390A suggest that the low-latitude
house conditions that existed during part of that time and the apparestean was affected by the mid-Maastrichtian reorganization of deep-
absence of major centers for deep-water formation in the northemmater circulation. High-resolution records from a complete Maas-
basins. Many authors have suggested that deep-water circulation wiishtian sequence are needed to verify the faunal response to the
enhanced in the Cretaceous and Paleogene by evaporation, whictid-Maastrichtian deep-water reversal.
produced warm saline waters in marginal seas such as the basins ofThe Blake Nose depth transect should recover mid- to Upper Cre-
the Tethys and the epicontinental seaway of North America; howtaceous sediments. Drilling at DSDP Site 390 recovered an Aptian
ever, there are few observational data to provide unequivocal supp@itbian sequence that is unconformable below the Campanian, but
for this “Warm Saline Deep Water” hypothesis. The Blake NoseSantonian to Cenomanian sediments could be present upslope. We
transect will be used to interpret the sea-level history and associatedpe to use stable isotope ratios of benthic foraminifers for the mid-
vertical structure of the Paleogene and Cretaceous oceans and to testate Cretaceous period to determine the sources of deep waters
the “Warm Saline Deep Water” hypothesis near the proposed soureéhen the North Atlantic was a relatively enclosed basin. The Aptian
areas. Albian and Cenomanian—Turonian boundary intervals are particularly

The deep waters of the world represent one of the largest resaénteresting because of the well-documented global phenomena of
voirs of nutrients and CQOin the biosphere. The history of deep- Oceanic Anoxic Events; however, the opportunity has never arisen to
ocean circulation is integrally tied to the C&borage capacity of the study these events across a depth transect, which may highlight the ex-
oceans and to the preservation of carbonate sediments in the deep saasion of the oxygen minimum zones during these periods of slug-
(Farrell and Prell, 1991). Aging of deep water by remineralization ofjish bottom-water circulation.
sinking organic material makes these waters extremely corrosive and

gives them a major role in the variability of the inorganic carbon cy- Climate History and L ow-L atitude,

cle by remineralizing carbonates that would otherwise be stored in Sea-Surface Temper atures

sedimentary sequences. Hence, changes in the age and sources of

deep waters regulate the alkalinity and,@0ntent of the deep sea. The Eocene had the most equitable climate of the Cenozoic (Daw-

Presently, deep waters are formed in the North Atlantic andon et al., 1976; Shackleton and Boersma, 1981; Axelrod, 1984; Rea
SoutherrOceans, and it is the mixture and aging of these water masst al., 1990), and the AptiaAlbian was also a time of high sea-
es that produce the characteristic chemistries of the deep Indian aggrface temperatures. Isotopic data suggest that both surface and
Pacific Oceans. The distribution 8FC in Paleogene benthic fora- deep waters reached their maximum temperatures in the early Eocene
minifers suggests that most deep waters of this era have a south¢Bavin, 1977; Miller et al., 1987; and Stott and Kennett, 1990). High
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Figure 4. Schematic interpretation of MCS Line TD-5 41
showing major reflectors, their interpreted ages, and Lower Cretaceous (platform carbonates)
locations of Leg 171B sites.
latitudes were substantially warmer than at present and reached tem- Stable isotope evidence suggests that the latest Paleocene event

peratures of 15°17°C (Zachos et al., 1994). This warm interval last-was a brief exception to the general formation of deep waters adja-
ed 34 m.y. and marked fundamentally different climate conditionscent to Antarctica (Miller et al., 1987). The Southern Ocean has con-
than were present during any other time in the Cenozoic. Latitudinalstently had some of the youngest waters found in the deep sea since
thermal gradients were probably <8°C during the Eocene, about at least the Late Cretaceous (Barrera and Huber, 1990, 1991; Pak and
one-half the modern pole-to-equator gradient (Zachos et al., 1994)iller, 1992; Zachos et al., 1992). However, the stable isotope data
Yet the interval is poorly known because low-latitude records arare strongly biased toward studies of high southern latitude cores and
rare, and those that do exist are either intermittently cored or are disannot eliminate the possibility of other sources of deep or inter-
turbed by drilling through Eocene cherts (Stott and Zachos, 1991)nediate water. Indeed, marked reductions irdtP@ latitudinal gra-
The Aptiar-Albian warm period is even more poorly known and hasdient during the late Paleocene suggest that there may have been
been studied primarily in outcrop sections from epicontinental plateither extremely low rates of deep-water production or other sources
forms, where temperature estimates most likely do not reflect opemf deep waters. Hence, drilling sites located near the ends of the
ocean conditions. Tethys seaway are needed to monitor the possible contribution of
Estimates of global temperatures in the early Eocene and Aptiardeep waters from the low latitudes and to monitor the biological ef-
Albian provide a means to test GCMs run under conditions of infects of the latest Paleocene thermal maximum.
creased atmospheric GQPopp et al., 1989; Berner, 1990). Knowl- ODP Leg 171B drilling provided the opportunity to study the lat-
edge of low-latitude temperatures provides a major constraint oest Paleocene extinction event at relatively low latitudes as well as
GCMs because equatorial seas play a major role in regulating heat eke first continuous early Eocene Atlantic record of the benthic fora-
change with the atmosphere (Barron and Washington, 1982). It is postinifer repopulation after this extinction. Paleocene benthic foramin-
sible that the relatively warm Eocene climates were promoted bifer faunas were relatively uniform across a wide paleodepth, where-
higher heat transport between latitudes (Covey and Barron, 1988)s Eocene assemblages were much more distinct at different depths.
Hence, low-latitude temperature data are needed to constrain Palddepth-dependent changes in benthic foraminifer assemblages will
gene and Cretaceous climate models. More generally, studies pfovide critical data for interpretation of changes in the structure and
warm intervals provide tests for climate models that integrate latitudisources of deep waters throughout the Paleogene.
nal thermal gradients, atmospheric £l@vels, and ocean-atmos-
phere heat transport. . .
The proxies we use to estimate past sea-surface temperatures may M €sozoic and Paleogene Magnetic Records
be seriously in error either because of diagenesis or biases imparted
by surface ocean salinity. For example, Zachos et al. (1994) have sug- The standard relative scaling of Upper Cretaceous—Miocene mag-
gested that relatively high salinity in Paleogene low-latitude oceansetic anomalies is derived from a spreading model for the South At-
may partly account for the small equator-to-pole temperature gradiantic Ocean (Cande and Kent, 1992, 1995). Correlations of micro-
ents that are observed in compilations of planktonic foramidf&  paleontological datums with the associated polarity chrons form the
data. Clearly, efforts are needed to assess the effects of diagenegignework of the current Paleocene—Miocene chronostratigraphic
and biotic vital effects on the quality of sea-surface temperaturgcale and assignment of absolute ages (e.g., Berggren et al., 1995a,
estimates. 1995b). In contrast, the majority of the Campanian—Maastrichtian
stages lack direct correlations of micropaleontologic or macrofossil
L ate Paleocene Thermal Maximum datums with polarity chrons. Previous projections of ages of Campa-
nian-Maastrichtian magnetic anomalies require major changes in
There is increasing evidence for a short-lived (20 k.y.) in-  spreading rates in the South Atlantic, near the Cretaceous/Paleogene
crease in global temperatures in the late Paleocene. The late Paleoundary (e.g., Cande and Kent, 1992, 1995). Hence, a primary ob-
cene thermal maximum coincides with an abrupt extinction of benjective of ODP Leg 171B drilling was to refine the correlation be-
thic foraminifers and a marked excursion in the isotopic chemistry ofween the magnetopolarity scale and biostratigraphic scales to im-
both benthic and planktonic foraminifers. There is good evidence thatrove the existing biochronology. A record of Milankovitch orbital
production of Antarctic Deep Water may have been shut down at thig/cles spanning known polarity zones will improve our estimate of
time and that deep waters may have originated at low latitudes (KeBpreading rates and age models of the Paleogene and Upper Creta-
nett and Stott, 1990; Pak and Miller, 1992). ceous ocean basins.
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Most current models of Cretaceous—Paleogene plate motion as- Yucatan Platform (Sigurdsson et al., 1991a, 1991b; Margolis et al.,
sumethat North Americaremained stationary throughout most of the 1991; Alvarez et al., 1991; Hildebrand and Boynton, 1990). Reanal-
Cretaceous, but that this period of stability was preceded and fol- ysis of DSDP Sites 536 and 540 in the Gulf of Mexico has led to the
lowed by rapid spurts of continental drift (e.g., Irving et al., 1993). discovery of thick deposits of reworked carbonates of diverse ages.
Rapid changes in the apparent rate of drift may be an artifact of poor These deposits contain upper Maastrichtian nannofossils and occur
age constraints from magnetically suitable sediments on the North immediately below lowest Paleocene sediments. Alvarez et al.
American Plate. According to compilations of Cretaceous magnetic (1991) have interpreted these K/T boundary deposits as part of the
poles, the Blake Nose should have a paleolatitude of 30°N in the migjecta blanket.

Cretaceous (Hauteriviaantonian), followed by rapid northward Objectives of K/T boundary drilling on the Blake Plateau include
drift to a CampaniarMaastrichtian position near 40°N, and a return the recovery of a detailed record of the events immediately following
to the present latitude of 30°N in the late Cenozoic. The Blake Plahe impact, such as the sequence of ejecta fallout and settling of the
teau is projected to have rotated counterclockwise ~20°-30° durindust cloud. DSDP Hole 390A contains foraminifer markers for the
this time. Because the Blake Plateau consists of a several-kilometevarliest PaleocenenPZone and the latest Maastrichtian nannofossil
thick pile of JurassieCretaceous carbonates resting on the Northlzones, suggesting that the section is biostratigraphically complete
American Plate, paleopole estimates from sediments in this ard&radstein et al., 1978). Unfortunately, rotary drilling of this hole ex-
should provide a detailed profile of the directions, rates, and magniensively mixed the soft ooze, making recovery of a detailed record
tude of North American Plate motion from the Aptian to the Eoceneof K/T boundary events impossible. Modern piston and extended
In turn, these revised plate motions will place constraints on convecore barrel coring technology produced much better recovery and

gence rates of the Pacific Plate toward North America. less disturbed core during ODP Leg 171B than were obtained from
DSDP Hole 390A.
Paleogene and Cretaceous Evolutionary Dynamics Recovery of the boundary enables us to reconstruct the climatic

and biological evolution immediately before the end-Cretaceous ex-

The Cretaceous and Paleogene periods record the rise of matiyction and to evaluate the recovery of the oceans and biotas follow-
modern groups of animals and plants as well as the extinction of oting the extinction. Piston-cored sections will provide evidence for the
ers. Many major taxa were either completely removed during thenagnitude of the extinctions, their duration, and patterns of diversi-
end-Cretaceous extinction or were greatly reduced. Likewise, majdication following the event. Cores containing records of the lower-
extinctions and repopulations were associated with the Cenomaniambst Paleocene will also be suitable for studies of the geochemical
Turonian boundary, the late Paleocene thermal maximum, and tlestory of the oceans in the absence of a diverse plankton community.
middle Eocene cooling trend. The evolutionary causes and effects of The Blake Nose depth transect certainly provides one of the best
both the extinctions and repopulations are still relatively poorlytarget locations to study depth-dependent patterns of sedimentation
known and vigorously debated. The questions surrounding many afcross the K/T boundary, the thickness of the tektite layer, and the
the biotic turnover events revolve around issues of the extinctiorffects of bioturbation. Our proposed drilling has penetrated the
mechanism and the biotic/climatic controls over repopulation. Foboundary section at present water depths of about-24600 m, al-
example, the terminal Cretaceous extinction is apparently associateniving us to determine whether there were depth-dependent changes
with extremely rapid evolution of new taxa in many groups, followedin the carbonate lysocline or organic matter preservation after the ex-
by prolonged reoccupation of habitats that were vacated by the etinction. The bathymetric transect also contributes to studies of
tinction episode. depth-dependent changes in benthic foraminifer biofacies across the

Certainly, much of the problem involved in interpreting these pro-extinction boundary in a low-latitude setting.
found biotic events lies in the rarity of detailed records of them, as
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ample, the CretaceotBaleogene (K/T) extinction horizon is associ- Iarez, W, et al., 1991, Proximal impact deposits t the Cretaceous-Ter
ated with condensed sections in many areas, and bioturbation has o ~tiary boundary in the Gulf of Mexico: reinterpreting DSDP Sites 536 and

ten distorted the sequence of events even in areas where sedlmenta-540_ Geol. Soc. Am. Abstr., A420,

tion was approm_mately continuous across _the bo_undary. Studying "7$<e|rod, D.I, 1984. An interpretation of Cretaceous and Tertiary biota in
events surrounding the boundaries in detail requires complete and €X- pg|ar regions. Palaeogeogr., Palaeoclimatol., Palaeoecal ., 45:105-147.
panded sections, which the Blake Nose sites have made available Barrera, E., and Huber, B.T., 1990. Evolution of Antarctic waters during the
Sediments recovered at DSDP Site 390 contain extremely well- Maestrichtian: foraminifer oxygen and carbon isotope ratios, Leg 113. In
preserved microfossil fauna and flora, a prerequisite to studying their Barker, PF., Kennett, J.P, et d., Proc. ODP, Sci. Results, 113: College
evolution in great detail. Our objectives were to investigate patterns Station, TX (Ocean Drilling Program), 813-827.
of ecologic evolution through stable isotope, morphometric, and fau=————: 1991. Paleogene and early Neogene oceanography of the southern
nal analyses. Related to this effort is the study of the timing and origin 'ndian Ocean: Leg 119 foraminifer stable isotope reslit&arron, J.,

of speciation events as a response to paleoceanographic history andl(‘ggsezr:{ ;‘ii“% ?}E&?;}n?%g;f'?' Results, 119: College Station, TX
impact events. ' '

Barron, E.J., and Washington, W.M., 1982. The atmospheric circulation dur-
ing warm geologic periods: is the equator-to-pole surface temperature

Cretaceous—Paleogene Event gradient the controlling factoBeology, 10:633-636.

Benson, W.E., Sheridan, R.E., et al., 19M. Repts. DSDP, 44: Washing-

Cretaceous/Paleogene (K/T) boundary beds are typically thin in ton (U.S. Govt. Printing Office).

the deep sea, yet they contain our best evidence for the geograpBryger, W.H., Kroenke, L.W., Mayer, L.A,, et al., 19%0oc. ODP, Sci.
distribution and magnitude of the extinctions and the subsequent re- Results, 130: College Station, TX (Ocean Drilling Program).
covery of the biosphere. Berggren, W.A., Kent, D.V., Aubry, M.-P., and Hardenbol, J., 1995a. Geo-

. . : chronology, time scales and global stratigraphic correlation: unified tem-
Recent evidence for the impact of a bolide on the Yucatan Plat-. poral framework for an historical geologyn Berggren, W.A., Kent,
form has focused debate over the history anq consequences of thISD_V_‘ Aubry, M.-P., and Hardenbol, J. (EdsGeochronology, Time
CretaceousPaleogene event. Evidence of an impact in the Gulf of  ggjes and Global Sratigraphic Correlation. Spec. Publ.—Soc. Econ.
Mexico includes discoveries of glass spherules and shocked quartz in paleontol. Mineral., 54:wi.
boundary sections at Haiti and Mimbral, as well as gravity measureserggren, W.A., Kent, D.V., Swisher, C.C., lll, and Aubry, M.-P., 1995b. A
ments and drill core data that imply the existence of a 180-km-diam- revised Cenozoic geochronology and chronostratigraphgerggren,

eter structure of Maastrichtiaearliest Paleocene age beneath the W.A., Kent, D.V., Aubry, M.-P., and Hardenbol, J. (Ed§gochronol-



SHIPBOARD SCIENTIFIC PARTY

ogy, Time Scales and Global Stratigraphic Correlation. Spec. Publ.—  Margolis, S., Claeys, P., Alvarez, W., Montanari, A., Swinburne, N., Smit, J.,
Soc. Econ. Paleontol. Mineral., 54:+292. and Hildebrand, A., 1991. Tektite glass from the Cretaceous/Tertiary
Berner, R.A., 1990. Atmospheric carbon dioxide levels over Phanerozoic boundary, proximal to the proposed impact crater in northern Yucatan,
time. Science, 249:1382-1386. Mexico. Geol. Soc. Am. Abstr., A421. (Abstract)
Boyle, E.A., 1990. Quaternary deepwater paleoceanografitignce, Miller, K.G., Janecek, T.R., Katz, M.E., and Keil, D.J., 1987. Abyssal circula-
249:863-870. tion and benthic foraminiferal changes near the Paleocene/Eocene bound-

Boyle, E.A., and Keigwin, L.D., 1982. Deep circulation of the North Atlantic ary. Paleoceanography, 2:741-761.

over the last 200,000 years: geochemical evidesuence, 218:784-787. Oppo, D.W.,, and Rosenthal, Y., 1994. Cd/Ca changes in a deep Cape Basin
Cande, S.C., and Kent, D.V., 1992. A new geomagnetic polarity timescale for core over the past 730,000 years: response of circumpolar deepwater

the Late Cretaceous and CenozdicGeophys. Res., 97:13,91713,951. variability to northern hemisphere ice sheet meltiRgizoceanography,

, 1995. Revised calibration of the geomagnetic polarity timescale 9:661-676.

for the Late Cretaceous and CenozdicGeophys. Res., 100:60936095. Pak, D.K., and Miller, K.G., 1992. Paleocene to Eocene benthic foramin-
Charles, C.D., and Fairbanks, R.G., 1992. Evidence from Southern Ocean iferal isotopes and assemblages: implications for deepwater circulation.

sediments for the effect of North Atlantic deep-water flux on climate.  Paleoceanography, 7:405-422.

Nature, 355:416-419. Peterson, L.C., Murray, D.W., Ehrmann, W.U., and Hempel, P., 1992. Ceno-
Corfield, R., and Norris, R., 1996. Deep water circulation in the Paleocene zoic carbonate accumulation and compensation depth changes in the
oceanln Knox, R.W., Corfield, R.M., Dunay, R.E. (EdLorrelation of Indian Oceanln Duncan, R.A., Rea, D.K., Kidd, R.B., von Rad, U., and

the early Paleogene in Northwest Europe. Geol. Soc. Spec. Publ. Lon- Weissel, J.K. (Eds.)9ynthesis of Results from Scientific Drilling in the
don, 101:443456. Indian Ocean. Geophys. Monogr., Am. Geophys Union, 70:3333.

Covey, C., and Barron, E.J., 1988. The role of ocean heat transport in clima®opp, B.N., Takigiku, R., Hayes, J.M., Louda, J.W., and Baker, E.W., 1989.
changeEarth ci. Rev., 24:429-445. The post Paleozoic chronology and mechanism of C-13 depletion in pri-

Curry, W.B., Cullen, J.L., and Backman, J., 1990. Carbonate accumulation in mary marine organic mattekm. J. Sci., 289:436-454.
the Indian Ocean during the Pliocene: evidence for a change in produ®ea, D.K., Zachos, J.C., Owen, R.M., and Gingerich, P.D., 1990. Global

tivity and preservation at about 2.4 Ma.Duncan, R.A., Backman, J., change at the Paleocene/Eocene boundary: climatic and evolutionary con-
Peterson, L.C., et alRroc. ODP, Sci. Results, 115: College Station, TX sequences of tectonic everfealaeogeogr., Palaeoclimatol., Palaeoecal.,
(Ocean Drilling Program), 56%18. 79:117128.

Curry, W.B., Duplessy, J.C., Labeyrie, L.D., and Shackleton, N.J., 1988Savin, S.M., 1977. The history of the Earth’s surface temperature during the
Changes in the distribution 8t3C of glacial deep water PGM®etween past 100 million yearsinnu. Rev. Earth. Planet Sci., 5:319-355.
the last glacial and the Holoceraleoceanography, 3:317-341. Shackleton, N., and Boersma, A., 1981. The climate of the Eocene dcean.

Curry, W.B., and Lohmann, G.P., 1986. Late Quaternary carbonate sedimen- Geol. Soc. London, 138:153-157.
tation at the Sierra Leone Rise (eastern equatorial Atlantic Oddan).  Sigurdsson, H., Bont, M., Pradel, P., and D’Hondt, S., 1991a. Geochemical
Geol., 70:223-250. constraints on source region of Cretaceous/Tertiary impact glasses.
Dawson, M.R., West, R.M., Langston, W., Jr., and Hutchinson, J.H., 1976. Nature, 353:839-842.
Paleogene terrestrial vertebrates: northernmost occurrence, Ellesmeségurdsson, H., D’'Hondt, S., Arthur, M.A., Bralower, T.J., Zachos, J.C., Fos-
Island, Canadéscience, 192:78+782. sen, M., and Channell, J.E.T., 1991b. Glass from the Cretaceous/Tertiary
Ehrendorfer, T.,W., 1993. Late Cretaceous (Maastrichtian) Calcareous nan- boundary in HaitiNature, 349:482-487.
noplankton biogeography [Ph.D. dissert.]. Woods Hole OceanographiSlowey, N.C., and Curry, W.B., 1987. Structure of the glacial thermocline at

Inst., Woods Hole, MA, WHOI-9315. Little Bahama BankNature, 327:54-58.

Farrell, J.W., and Prell, W.L., 1991. Pacific CaC@eservation an®®0 —, 1992. Enhanced ventilation of the North Atlantic subtropical gyre
since 4 Ma: paleoceanic and paleoclimatic implicati®aseoceanogra- thermocline during the last glaciatiddature, 358:665-668.
phy, 6:485-498. Stott, L.D., and Kennett, J.P., 1990. New constraints on early Tertiary paleo-

Gradstein, F.M., Bukry, D., Habib, D., Renz, O., Roth, P., Schimdt, R., productivity from carbon isotopes in foraminifeNature, 342:526-529.
Weaver, F., and Wind, F., 1978. Biostratigraphic summary of DSDP Ledstott, L.D., and Zachos, J.C., 19%hleogene Pal eoceanography Workshop
44: Western North Atlantic Oceam Benson, W.E., Sheridan, R.E., et Report, JOI-USSAC.
al., Init. Repts. DSDP, 44: Washington (U.S. Govt. Printing Office), 657  Streeter, S.S., and Shackleton, N.J., 1979. Paleocirculation of the deep North

662. Atlantic: 150,000 year record of benthic foraminifera and oxygen-18.
Hildebrand, A.R., and Boynton, W.V., 1990. Proximal Cretacebediary Science, 203:168-171.
boundary impact deposits in the CaribbeZomence, 248:843-847. Woodruff, F., and Savin, S.M., 1989. Miocene deep-water oceanography.

Hutchinson, D.R., Poag, C.W., and Popenoe, P., 1995. Geophysical database Paleoceanography, 4:87-140.
of the East Coast of the United States: Southern Atlantic margin—stratigA/right, J.D., Miller, K.G., and Fairbanks, R.G., 1992. Early and middle

raphy and velocity from multichannel seismic profil@pen-File Rep.— Miocene stable isotopes: implications for deepwater circulation and cli-
U.S. Geol. Surv95-27. mate.Paleoceanography, 7:357389.

Irving, E., Wynne, P.J., and Globerman, B.R., 1993. Cretaceous paleolatzachos, J.C., Rea, D.K., Seto, K., Niitsuma, N., and Nomura, R., 1992.
tudes and overprints of North American CratonCaldwell, W.G.E., and Paleogene and early Neogene deep water history of the Indian Ocean:
Kauffman, E.G. (Eds.), Evolution of the Western Interior BaGieol. inferences from stable isotopic recordls. Duncan, R.A., Rea, D.K.,
Assoc. Can. Spec. Rep., 39:91-96. Kidd, R.B., von Rad, U. and Weissel, J.K. (Ed$he Indian Ocean: A

Kennett, J.P., and Stott, L.D., 1990. Proteus and Proto-oceanus: ancestral Synthesis of Results from the Ocean Drilling Program. Am. Geophys.
Paleogene oceans as revealed from Antarctic stable isotopic results: ODP Union, Geophys. Monogr., 70:35386.
Leg 113.In Barker, P.F., Kennett, J.P., et &oc. ODP, Sci. Results, 113: Zachos, J.C., Stott, L.D., and Lohmann, K.C., 1994. Evolution of early Cen-
College Station, TX (Ocean Drilling Program), 8880. 0zoic marine temperaturealeoceanography, 9:353-387.
Lynch-Steiglitz, J., Fairbanks, R.G., and Charles, C.D., 1994. Glacial-inter-
glacial history of Antarctic intermediate water: relative strengths of Ant-
arctic versus Indian Ocean sourdealeoceanography, 9:7-29.
Macleod, K.G., 1994. Bioturbation, inoceramid extinction, and mid-Maas-
trichtian ecological chang&eology, 22:139-142.
Macleod, K.G., and Huber, B.T., 1996. Reorganization of deep ocean circula-
tion accompanying a Late Cretaceous extinction eWattire, 380:422-
425, Ms171BIR-101

10



	1. INTRODUCTION
	Shipboard Scientific Party
	DEPTH-TRANSECT STRATEGY
	GEOPHYSICAL AND GEOLOGICAL BACKGROUND
	REFERENCES
	FIGURES
	Figure 1. Location of the ODP Leg 171B Blake Nose ...
	Figure 2. Map of the Blake Nose, located in the we...
	Figure 4. Schematic interpretation of MCS Line TD-...




	BUTTON: 


