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‘We present the first detailed record of Holocene
climate variation from Icelandic eolian soil deposits.
Seven cold and windy episodes occurred in Iceland
during the last 10,000 years, including the well-
documented Little Ice Age (0.6-0.1 ka) and 78.2 kyr
Event”. BEach of these events is associated with cold
and windy climate in central Greenland, enhanced drift
ice discharge into the North Atlantic, and a diminu-
tion of deep convection in the North Atlantic. Whereas
these conditions are consistent with an expansion of
the polar cell, they cannot be attributed to a persis-
tent negative phase of the NAO/AO.
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Paleoclimatic reconstruction through the use of no-
ble gases dissolved in groundwater has been the ob-
ject of numerous studies in recent years. Unlike many
other continental temperature proxies, noble gases have
the advantage of providing direct information on atmo-
spheric temperatures at the time rainwater penetrated
the ground and joined a particular groundwater reser-
voir. In recent years, new methods for determination
of noble gas temperatures have been developed, which
provide a high level of accuracy on such temperature
estimations. The issue of paleoclimatic reconstruction
through noble gases however, is not only one of accu-
rate temperature determination, but also one of accu-
rate water age estimation so that a correct correspon-
dence between noble gas temperatures and groundwa-
ter age can be established and proper paleoclimatic re-
construction attempted. The typical approach to esti-
mate groundwater ages has been based on computing
water travel times along streamlines from the recharge
to the observation point taking into account only ad-
vection. This approach is limited because, like any
other tracer, the movement of water in porous media
is also affected by cinematic dispersion and molecular
diffusion. We have therefore undertaken the formula-
tion of hydrologic models that yield significantly better
constraints on groundwater ages in the Carrizo aquifer
and surrounding formations of south Texas, where no-
ble gas temperatures have already been determined. To
account for groundwater mixing we treat age as one
would treat a solute concentration. In order to simu-
late groundwater ages we used a finite element model of
groundwater flow that has been validated by 4He and
3He. The finite model spans a 120.6 Km cross-section
between altitudes of 4220m and -2210 m, and com-
prises 58,968 elements and 31,949 nodes. Combination
of these newly calculated water ages and previously re-
ported noble gas temperatures reveals new aspects of
late Pleistocene and Holocene climate in southwestern
Texas, in particular, an abrupt late Holocene tempera-
ture increase previously unidentified through 14C dat-
ing. Temperature increased by up to 3.4°C in the first
half of the last millennium and by 1.5°C between ~5.6
and 3.7 kyrs BP. More important than the resolution of
individual paleoclimate episodes is the identification of
a slow cooling trend between ~1,200 kyrs and ~200
kyrs, a trend that accelerates during the late Pleis-
tocene and early Holocene. This cooling trend gives
way to an extremely rapid increase in temperature in
the late Holocene. Such abrupt warming seems to have
accelerated in the last millennium and seems to con-
tinue at present. This temperature increase is the most
striking feature arising from the determination of new
groundwater ages.
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Availability of water, and response to shortage of
it, plays an important role in shaping human history.
Near a century ago, Ellsworth Huntington (1907) sug-
gested that the developments of ancient civilizations
in Inner Asian and their invasions into China and Eu-
rope were pulsed by climatic changes. In revisiting this
proposition, here we present a paleoclimatic record of
the past 5000 years deduced from carbon isotopic ra-
tio of organic carbon and percentage of aragonite in
bulk sediments of a radiometrically dated sedimentary
core of Lake Bosten, Xinjiang, China. Together the two
proxies of aridity provide a detailed record of climatic
fluctuation of the Inner Asia. The arid periods are well
characterized by high content of authigenic aragonite
and heavier values of carbon isotopic ratio of organic
carbon in the bulk sediments (implying dominance of
C4 plants which thrived under arid condition). Con-
versely, the humid/wet periods are marked by lighter
carbon isotopic values (indicating presence of C3 plants
of humid climate and absence of aragonite. The West-
ern Region (Xi-Y) area of China enjoyed a long period
of stable and humid condition from 2nd century B.C.
to the 8th century when many oasis city-states were
established and Buddhism spread from India. A dras-
tic deterioration of climate during the eighth century
appears to cause the decline of those once strived an-
cient civilizations in the eastern side of the Tarim Basin
along the Silk Routes.
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Dating, definition, and impacts of
Holocene short-term climate change
episodes: issues and prospects with an
Aegean area focus
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Much attention currently focuses on the identi-
fication and role of significant short-term (century-
scale) climate change episodes, with instances of such
episodes in the past offering analogues for possible
present and future scenarios. Archaeology has so far
been under-used as a relevant data source. It has a
great deal to contribute with rich datasets pertaining
to the impacts on humans and their habitats from such
events. The Aegean region - the case study considered
in this paper - has a rich database from the Neolithic
period (9th millennium BC) onwards. But a key is-
sue must first be addressed: the ability to establish
tight chronological resolution for all data types to be
considered. This is critical to ensure that only gen-
uinely coeval and associated phenomena as observed
in various records are considered together. There is
otherwise a danger that researchers suck in a variety
of un-linked data and smear them together inappropri-
ately. The problem centres particularly on radiocarbon
dating, since this is the main basis to prehistoric ar-
chaeological dating, and also the dating of most pollen
records, sediment records, and so on. For example, sig-
nificant short-term global climate change episodes have
been recognised at 8.2, 5.2 and 4.2 ka BP. However, is
it a coincidence that each of these dates lie in periods
when radiocarbon levels effectively plateau - that is real
calendar dates over 100-200+4 year periods yield essen-
tially very similar radiocarbon ages? Are disassociated
data being associated through similar radiocarbon ages
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rather than their true calendar dates? This problem,
and potential strategies to a solution through radio-
carbon wiggle-matching, will be explored for the above
episodes. Concentrating then on the 4.2 ka BP episode,
data from one particular case - the Aegean region - will
be assessed in terms of our ability to define the 4.2 ka
BP event. Current limitations will be highlighted. The
differing impacts of the episode in the region will then
be surveyed to highlight the variety of responses such
episodes can promote contingent on local circumstances
and evolutionary trajectories.
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The Asian summer monsoon affects climate and so-
ciety throughout a large part of the tropics. Abrupt
changes in the monsoon had potentially dramatic ef-
fect on human societies during the Holocene. Us-
ing fossil evidence of Globigerina bulloides abundance
in the Arabian Sea, we reconstructed the history of
the Asian summer monsoon winds during the past
10,000 years. G. bulloides provides a reliable index
of the monsoon, its abundance correlated with the
cool upwelling conditions produced each summer by
the monsoon winds. The Arabian Sea sediments are
nannofossil-rich foraminifer oozes, and the low oxy-
gen content of the Arabian Sea minimizes the biotur-
bation that would otherwise smooth the fossil record.
In addition to the well-known decrease in the mon-
soon winds since a maximum in the early Holocene, we
found a series of smaller, millennial-scale oscillations
between strong and weak monsoon intervals through-
out the Holocene. Periods of weaker monsoon winds
correlate with cool conditions in the circum-north At-
lantic during the Holocene, just as they did during the
larger Dansgaard-Oeschger events of the last glacial,
evidence of a link between low and mid-latitude cli-
mate. The changes in the monsoon winds were proba-
bly accompanied by changes in rainfall over India, and
we hypothesize that rain harvesting structures built in
India since 5000 year BP were societal adaptations to
climate change. Widespread evidence exists for the
construction of ponds, tanks, and artificial reservoirs
during the late Holocene when the monsoon reached
its Holocene minimum, and we also find correlation be-
tween heightened historical human efforts for adapta-
tion and the most recent minima in the monsoon winds
that occurred 1600 AD. The monsoon record supports
an emerging paradigm that at least in the tropics, the
most societally-important climate changes were driven
by changes in precipitation rather than surface tem-
perature. The cause of the monsoon oscillations, and
their links to other aspects of the tropical circulation
and higher latitude climate are still poorly understood
and require improved and more extensive quantitative
records of the tropical circulation.
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The search for commonality in the nature and ori-
gin of “black shale” units that characterize Jurassic-
Cretaceous “Oceanic Anoxic Events” has not come to
fruition. Indeed, it would appear that OAEs differ
from one another in duration, distribution, organic car-
bon contents, and carbon isotope signatures. In ad-
dition, they differ in origin as interpreted from fau-
nal, floral and stable isotope data. Considerable un-
certainty remains regarding the relative roles of pro-
ductivity (carbon flux) and mechanisms of preservation
(low dissolved oxygen at the sediment/water interface,
high sedimentation rate, or high mineral surface area)
during OAEs in general. For example, it is difficult
to separate anoxia from high surface-water productiv-
ity as a cause for enhanced organic matter preserva-
tion, in part because oxygen depletion in deeper water
masses is a response to high fertility and organic carbon
flux. Mineral surface area recently has been proposed
as the only control on organic carbon contents, but this
seems doubtful. There are, however, interesting pat-
terns that bear further examination. OAEs, and black
shales in general, typically form during transgressive
episodes. For epicontinental black shales, transgres-
sion creates conditions that favor nutrient trapping in
relatively isolated basins; these nutrients originate ei-
ther from fluvial sources or are transported into epi-
continental seas from adjacent ocean basins with well-
developed, nutrient-rich oxygen minimum zones. It is
not clear how transgression induces more global, open-
ocean OAEs. They may be a response to several fac-
tors related to the cause(s) of the transgressions, in-
cluding changes in deepwater overturn rates induced by
increasing expanse of shallow shelf regions or opening
of oceanic gateways, and/or by overall higher nutrient
fluxes from weathering brought about by warmer, wet-
ter climates related to times of greater outgassing re-
sulting from increased volcanism. In some cases, en-
hanced oceanic stratification may have result in anoxia
and a preservational OAE (e.g., OAE 1d), whereas most
OAEs appear to involve enhanced mixing and nutri-
ent fluxes (e.g., OAE 1b and OAE 2). There has been
more excitement recently regarding decomposition of
methane hydrates as a possible trigger for OAEs pro-
ducing sudden warming and consumption of deep-water
oxygen. Although significant negative carbon isotope
excursions accompany the Toarcian and Aptian (OAE
la) OAEs, the isotopic patterns can be explained by
volcanic events. There is evidence that increased vol-
canism precedes or accompanies some OAEs. It is clear
that more high-quality, globally distributed geochemi-
cal and biotic records are required to resolve the OAE
problem.
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Geological Perspectives
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Geological models for the origin of black shales
have invoked a preservative effect of dysoxia-anoxia for
nearly a century, yet during the last 30 years some
oceanographers have used modern sediment data to
question and even deny the importance of dissolved
oxygen. This schism over the origin of organic-rich sed-
iments must be addressed and healed. With regard to
modern sediment observations the problem appears to
be how representative the data are, how and where oxy-
gen hypotheses are tested (and against what expecta-
tions), and how the findings may have been extrapo-
lated and generalised. It is increasingly clear that the
total organic carbon (TOC) content of sediments is a
classic multivariate problem where input (productiv-
ity), preservation, and inorganic dilution must all be
considered simultaneously. The most common low oxy-
gen environments in the modern ocean are oxygen min-
imum zones (OMZ), but these are also characterised by
high productivities, high sedimentation rates, and gen-
erally high preservation, and are thus a very poor place
to isolate the role of oxygen. Furthermore, OMZ stud-
ies have used a comparative analysis of TOC above,
within, and below the OMZ, where the latter is de-
fined only by local minima, not oxygen values con-
sidered likely to have a significant effect on benthos
or geochemical preservation. Sometimes hypotheses
have been constructed based on data from only a nar-
row (suboxic-dysoxic) oxygen range, fully oxic regimes,
or areas too strongly influenced by grain size. The
organic-rich nature of modern deep Black Sea sediments
has also been denied, but seems indisputable relative
to similar oxic regimes. A critique and analysis of the
available modern data (increasing all the time, but still
limited) suggest that the oceanographic view that oxy-
gen is not important is impossible to sustain as a gener-
ality, indeed a statistical non-linear effect can be iden-
tified by multiple regression analysis. In many modern
settings other factors are definitely dominant, but in
the slowly deposited ancient basinal facies, the role of
oxygen appears to be a critical control on preservation.
Important issues remain to be resolved, but the old
bipolar arguments about productivity versus preserva-
tion must be cast aside in favour of more complex mul-
tivariate approaches.
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Stable isotope data generated from glassy (dia-

genetically unaltered) foraminifera from the subtrop-
ical North Atlantic (ODP Site 1049) reveal abrupt
paleoceanographic and faunal changes that coincide
with the Aptian/Albian boundary and the onset of
Oceanic Anoxic Event (OAE) 1b. At least three plank-
tic and one benthic species per sample, selected at
closely spaced intervals from the Globigerinelloides alge-
rianus Zone (mid-Aptian) through uppermost Ticinella
bejaouaensis Zone (uppermost Aptian), reveal a consis-
tently low (<1.1°/00) vertical 5180 gradient, sug-
gesting that the thermocline was weakly developed
throughout this time. Benthic 5180 values show a
slight positive increase from +0.5 © /5o during the mid-
Aptian to +1.1°/,, during the latest Aptian, then de-
crease to -0.2°9 /5o during peak Corg deposition in OAE
1b (Hedbergella rischi Zone, lowermost Albian). Assum-
ing that the 6180 composition of Cretaceous seawater
averaged -1.2° /55 and polar ice sheets were absent or
very small, we estimate that middle bathyal waters at
this site ranged from 7-9° C during the mid-late Aptian
and warmed to 12°C during OAE 1b peak Corg deposi-
tion. Mid-late Aptian upper surface waters ranged from
11-12°C, then warmed to 20°C during OAE 1b. The si-
multaneous change in planktic foraminifer assemblages
and stable isotope values indicates that the onset of
OAE 1b involved major changes in the North Atlantic
climate and oceanography.
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Stable isotopic measurements of exquisitely pre-
served foraminifera (those with radial hyaline mi-
crostructure preserved and no shell infilling) have gal-
vanized investigation of ancient sea surface tempera-
tures. Intervals within the black shale’ facies on De-
merara Rise exhibit such preservation and suggest con-
temporary tropical sea surface temperatures at least
as warm, if not several degrees warmer, than mod-
ern tropical surface waters. Further, these data indi-
cate a 5-10 degrees C temperature range across the
planktic realm. Unfortunately, exquisite preservation
is present in only some intervals on Demerara Rise and
benthic taxa are rare to absent throughout. To try to
generate a more complete stratigraphic record of pa-
leotemperatures and a fuller characterization of con-
ditions through the water column, we are measuring
stable isotopic values of phosphate oxygen in fish re-
mains, carbonate carbon and oxygen in inoceramids,
and organic carbon in organic material within inoce-
ramids shells. Preliminary results for the fish debris
range from 19.5 to 21.0 per mil V-SMOW suggesting
paleotemperatures of 20 degrees C. The estimated tem-
perature range overlaps the cooler planktic foraminifera
estimates suggesting the Demerara Rise fish analyzed
lived at or near the thermocline. The taxonomic res-
olution possible with fish remains is limited, but the
relative resistance of phosphate oxygen to diagenetic al-
teration should allow us to track temperature changes
across intervals where foraminifera preservation dete-
riorates. Inoceramid values, on the other hand, yield
problematically warm benthic temperature estimates.
Inoceramid oxygen isotopic values average -2.9 per mil
V-PDB and are as low as -3.3 per mil. Paleotemper-
atures estimated from these values are 4-6 degrees C
warmer than estimated thermocline temperatures (but

6-8 degrees C cooler than the warmest surface tempera-
ture estimates). Stratigraphic coverage is currently too
sparse to critically evaluate this observation. Finally,
inoceramid carbonate-carbon values are comparable to
values in planktic foraminifera ( 1 per mil V-PDB) but
shell organic carbon values ( -25 per mil V-PDB) pro-
vide no indication of unusual metabolism in these bi-
valves.
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Geography has long been recognized as one of the
primary controls on climate. Many studies have as-
sessed the response of paleoclimate to paleogeogra-
phy by examining the impact of continental configu-
ration, land area, and the opening/closing of gateways
on oceanic circulation patterns in the past. Most of
these modeling studies have employed ocean-only gen-
eral circulation models (GCMs) using restoring bound-
ary conditions derived from atmosphere-only GCM ex-
periments. The lack of ocean-atmosphere feedbacks
may have serious consequences for the predicted cir-
culation, and would tend to prohibit changes in ocean
heat transport and water-mass formation. In this
study, we use a fully coupled ocean-atmosphere GCM,
the Fast Ocean Atmosphere Model (FOAM), to examine
the role of geography on Mesozoic ocean dynamics. Tri-
assic and Cretaceous paleogeographic reconstructions
were chosen because these time slices represent the ex-
tremes of geographic evolution during the Mesozoic.
All experiments include identical boundary conditions
(e.g. land surface characteristics, solar luminosity, at-
mospheric pCOg) except for paleogeography. All sim-
ulations were integrated until the ocean component of
FOAM reached equilibrium. In addition, we compared
the relative impact of geography to atmospheric COg
on ocean circulation by running experiments with high
and low pCOg values for the Triassic and Cretaceous.
Initial results demonstrate that changes in the con-
tinental configuration during the Mesozoic will affect
the location, as well as the number of sites, of water-
mass formation. More sites of deep and intermediate
water formation existed during the Triassic than Cre-
taceous. The simulations suggest that while the sites
of water-mass formation are determined by continen-
tal configuration, it is atmospheric COg that controls
the strength of oceanic overturning. The simulations
also show that ocean heat transport is higher during
the Mesozoic than the modern day, and that the total
heat transported poleward by the oceans decreases be-
tween the Triassic to Cretaceous experiments. Thus it
appears that paleogeography exhibits primary control
in the patterns of oceanic circulation during the Meso-
zoic by determining the sites of water-mass formation
and ocean heat transport. However, other factors (such
as atmospheric COg) can also have significant impact
on ocean dynamics of the time.
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A popular current model for the sporadic occur-
rence of ocean anoxic events (OAEs) in the Cretaceous
ties hydrothermally-induced changes in ocean chem-
istry (bio-limiting trace metals) during ocean plateau
(LIP) volcanism to increased surface productivity, fol-
lowed by mid-to-deep water oxygen depletion and ac-
cumulation of organic-rich sediments. This proposed
connection is far from accepted, and important unre-
solved aspects include the timing of events and yet-
to-be-proved synchroneity of volcanism and OAEs, the
sensitivity of phytoplankton to bio-limiting (and toxic)
trace metals, the difference in biotic responses at var-
ious OABEs, and the source of the hydrothermal in-
puts (sea floor spreading centers or ocean plateaus).
To test this hypothesis we have measured the distribu-
tion of major, minor and trace element abundances in
five pelagic carbonate and black shale sequences that
bracket the OAE2, defined by a prominent positive
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excursion in the global seawater d13C record. Sedi-
mentary sections at Rock Creek Canyon (Pueblo, CO),
ODP Site 1138 (Kerguelen Plateau), Bass River (NJ),
Totuma well (Venezuela) and Baranca el Canyon (Mex-
ico) were chosen to examine potential trace metal pat-
terns and gradients around the proposed source of hy-
drothermal inputs - the Caribbean Plateau, whose ini-
tial volcanic activity has been dated at 93-89 Ma. ICP-
AES and ICP-MS elemental abundances from whole
rock samples are normalized to Zr to remove the ef-
fect of terrestrial inputs. We find prominent trace
metal ”"spikes” (up to 50 times background) for ele-
ments known to be concentrated in volatile degassing
of magmas and in hydrothermal plumes resulting from
seawater-rock reactions. These anomalies begin at the
onset and continue well into the d13C excusion at all
five sites. Furthermore, the magnitude of the anoma-
lies decreases with distance from the Caribbean region,
and the pattern of elements shifts from a wide range
of metals near-source to predominantly long residence
time metals far "downstream” .
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Scientific ocean drilling has been central to our ba-
sic knowledge about Cretaceous black shales and to our
growing understanding of the paleoceanographic and
paleoclimatic processes that participated in their de-
position. Spot-coring during early DSDP legs charted
the geographical and temporal occurrence of black
shales in the ocean basins. The concept of Oceanic
Anoxic Events (OAE) is part of this legacy. Subsequent
drilling recovered continuous sequences that have iden-
tified patterns of geographical and temporal differences
in black shale sequences and have encouraged recon-
structions of the paleoceanographic histories recorded
by these differences. Sequences recovered by the last
few ODP Legs have expanded this legacy and have
opened new opportunities for improved understandings
about black shales. Leg 198 recovered a classic sec-
tion of TOC-rich (35 percent) early Aptian black shale
from the Shatsky Rise that corresponds to OAEla.
Leg 207 recovered Cenomanian-Turonian (OAE2) and
Coniacian-Santonian (OAE3) black shales, some con-
taining nearly 30 percent TOC, from five sites on the
Demerara Rise. Leg 210 recovered TOC-rich (4 per-
cent) laminated black shales from the deep Newfound-
land Margin that correspond to OAEld and OAE2. The
Demerara Rise sequences are particularly impressive in
ranging in thickness from 56m to 93m and in having
well-developed laminations and shale-limestone cycles.
The five sites constitute a 1km paleodepth transect and
record both high surface productivity and enhanced or-
ganic matter preservation under an intensified oxygen-
minimum layer impinging on the Demerara Rise.
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The Milankovitch character of lake level fluctua-
tions in the tropics of central Pangea has been well
established since the pioneering work of Van Houten
in the 1960’s (1) that laid the foundation for quantita-
tive analysis of core and outcrops in the 1990’s (2,3).
In the region from about 3° to 10° N latitude giant rift
lakes fluctuated to the classic Milankovitch frequencies
of precessional forcing of 20, 96, 128, and 404 ky, as
well as the less well known 1.75 and 3.5 m.y. cycles.
The latter are the Triassic values for the periods of g4-
g3 of eccentricity related precessional forcing and the
secular resonance, theta (2(g4- g3) - (s4-s3)), of pre-
cessional and obliquity related forcing. We attribute
the forcing of lake depth largely to modulation of the
strength of tropical convergence. Late Triassic rifts lo-
cated from 0° to 3° N latitude show similar patterns,
except with a strong tendency towards a doubling of
the climatic precessional frequency and a lack of evap-
orites as previously reported from the Dan River basin
(4,5,6). Here we report on new analyses of coal-bearing
cores and drill holes from the Deep River, Dan River,
and Richmond basin of older Late Triassic lacustrine
strata that reinforce this pattern but show that the
doubling of the precessional frequency is not ubiquitous
at the equator and also show that very strong climatic
transitions appear related to the 1.75 and 3.5 m.y. cy-
cles juxtaposing coals and caliches in vertical sequence
and sometimes coinciding with major faunal and flo-
ral transitions. (1) Van Houten FB. 1964. Kansas
Geol. Surv. Bull. 169:497. (2) Olsen PE & Kent DV.
1996. Palaeogeo. Palaeoclim. Palaeoecol. 122:1-26.
(3) Olsen PE & Kent DV. 1999. Phil. Trans. Roy.
Soc. Lond. (A) 357:1761-1787. (4) Olsen PE & Kent
DV.1996. Eos, Trans., AGU 77(46), Suppl.:301. (5)
Olsen PE. 1997. Ann. Rev. Earth Planet. Sci. 25:337-
401. (6) Olsen PE & Kent DV. 2000. in Bachmann G.
and Lerche I. (eds.), Epicontinental Triassic, Vol. 3,
Zent. Geol. Palaont. VIII:1475-1496.
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The type section of the Late Jurassic Kimmeridge
Clay Formation (KCF) of Dorset (UK) has recently
been completely cored and studied during the NERC
RGGE project. The middle 250m of the formation is
characterized by conspicuous metre-scale Milankovitch
cyclicity, expressed primarily by marine total organic
carbon (MTOC) content, and thought to record 38ka
obliquity and 19ka precession cycles. The cyclicity is
clearest where mean compacted sedimentation rates are
<80m/Ma, the low dilution amplifying the effect of
productivity and redox cycles on MTOC content. Over-
all the dominant first MTOC mode varies symmetri-
cally from 0.5% at the top and base of the KCF, to 4-5%
in the central eudoxus-wheatleyensis interval, reflecting
the long term relative sea level trend and its effects on
clastic dilution and bottom water oxygenation. Super-
imposed third order cycles also influence the cyclicity.
Algorithms relating sedimentation rate, carbon deliv-
ery flux, bottom water oxygen, burial efficiency and
TOC in modern marine sediments yield low to moderate
mean paleoproductivity estimates of 40-150 gC/m2/a.
Given low dilution and good preservation high abso-
lute paleoproductivity is not required to explain typ-
ical MTOC values, but MTOC variation is influenced
by the interaction of input, preservation and dilution
(IPD) factors in a complex multivariate fashion. In
this distal facies phytoclast and palynomorph concen-
tration data (No. per mg rock) are primarily controlled
by inorganic sediment dilution, not organic matter sup-
ply, which forces positive correlations between geneti-
cally unrelated particles; the concentration of refrac-
tory phytoclasts may thus provide an intra-cycle proxy
for relative mineral dilution. Using this approach, com-
parison of different cycles suggests that the MTOC is
also influenced by dilution at this scale, but changes in
all the IPD variiables are probably important. Excess
organic-walled plankton concentrations are sometimes
correlated with heavier d13Com values, suggestive of
short-term productivity spikes (calculated palacopro-
ductivities of up to 400 gC/m2/a), while other d13Com
anomalies are apparently associated with higher con-
tents of isotopically heavy sulphurised organic matter.

2003 Fall Meeting F915

PP42D-03 1640h

Orbital Cycles, Climate, and Diagenesis
Mimic Methane Releases: Results
from a High Resolution Study of
OAE2, New Jersey Coastal Plain

James D Wright! (732 445-5722;
jdwright@rci.rutgers.edu)

Benjamin S Cramer? (022-217-6625;
benjamin@dges.tohoku.ac.jp)

Kenneth G Miller! (732 445-3622;
kgmt@rci.rutgers.edu)

Miriam E Katz! (732 445-3445;
mimikatz@rei.rutgers.edu)

lRutgers University, Dept of Geological Sciences 610
Taylor Road, Piscataway, NJ 08854, United States

2Tohoku University, Aoba, Aramaki, Institute of Ge-
ology and Paleontology, Sendai, N.J 980-8578, Japan

The Cenomanian-Turonian (Upper Cretaceous) sec-
tion from Bass River State Park, New Jersey contains
a 15 m thick interval representing Ocean Anoxic Event
(OAE2). Our high resolution ( 5cm) bulk sediment
inorganic stable isotope record, can be used to de-
fine OAE2 at Bass River. The down-hole gamma log
shows well-developed cycles throughout the OAE2 in-
terval that we interpret as short eccentricity cycles,
providing a chronology for the OAE2 event. Assum-
ing a 95 kyr eccentricity cycle and that OAE2 at Bass
River is defined the interval of high §13C values, the
duration of this event was ~700£100 kyr. The domi-
nant eccentricity forcing in the Bass River OAE2 record
suggests that a monsoonal circulation controlled the re-
gional and global carbon cycles as evidenced by sedi-
mentary organic carbon and 5130, respectively. Our
results show a series of negative (5130 excursions, that
are typically on the order of 3 to 5 per mil, but in two
instances the excursions were >20 per mil. We initially
interpreted these excursions as reflecting methane re-
leases from gas hydrates. Closer examination shows
that the 513C excursions were produced by seafloor
diagenesis in the presence of elevated organic carbon
levels. These transients are characterized by: 1) the
lack of a corresponding decrease in organic carbon §13C
values; 2) calcite infilling of foraminiferal shells; and
3) increased %CaCO3. The §13C value of the authi-
genic CaCOg is ~-25 per mil, indicating that reduc-
ing organic-rich sediments supplied much of the COg.
We argue that increases in organic carbon flux raised
alkalinity (through sulfate reduction) and resulted in
authigenic precipitation of CaCOg at Bass River. In
our model, negative 5130 excursions are the result of
seafloor diagenesis that is forced by climate rather than
from the dissociation of methane hydrate.
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There is increasing evidence from marine proxy
records that tropical regions during the late Creta-
ceous were hotter than previously reported and were
by far exceeding modern average temperatures. Trop-
ical sea surface temperatures in the range of 32-36°C
apparently lasted from the latest Cenomanian to the
early Campanian. A fundamental consequence of su-
perheated Cretaceous tropics is a vigorous hydrologi-
cal cycle operating in equatorial regions. Geological
evidence supporting such an enhanced hydrological cy-
cle and a direct link to the formation of marine black
shale cycles was recently reported for ODP Site 959
from the Deep Ivorian Basin (DIB) off equatorial West-
Africa. Millennial-scale marine and terrigenous proxy
records from that site provide a unique opportunity to
investigate short-term variability of the ocean-climate
system, to discuss the role of orbital forcing and to
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