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Understanding the mechanisms driving natural
millennial-scale climate change is critical for distin-
guishing human impacts on the climate system from
its inherent variability. We investigated Holocene vari-
ations in Southern Hemisphere subtropical sea-surface
temperatures using Mg/Ca, stable isotopes, and faunal
abundances of planktonic foraminifera from Ocean
Drilling Program (ODP) Site 1084B off the coast of
Namibia (23.5S, 13.0E, 1992m water depth). Mg/Ca
measurements were made at 1-cm intervals by ICP-OES
on ~75 individuals of G. bulloides, a species associated
with winter upwelling in this region. 13 AMS radio-
carbon dates extending to 17,000 calendar years ago
constrain the age model. Coretop Mg/Ca values indi-
cate calcification in 13.6°C waters, consistent (within
analytical error) with observed winter SSTs for this
location. Site 1084B has high deglacial and Holocene
sedimentation rates (11-27 cm/kyr) and is located
within the Benguela coastal upwelling system. Histor-
ical SST variations in this region reflect variations in
the intensity and zonality of the trade winds, as well as
the northward advection of cooler waters by the sub-
tropical gyre: faunal abundance data help distinguish
these two influences on the Mg/Ca temperature record.

The 78200 year cold event” appears in this record
as an abrupt 1.5°C cooling at 8100 yr ago, accom-
panied by shifts in faunal abundances that suggest
increased upwelling. A nearby Holocene paleotempera-
ture record from a non-upwelling region does not show
this cooling event (Kim et al. 2002), suggesting that
in the Southern Hemisphere subtropics, this event was
driven more by changes in wind strength than changes
in ocean circulation. The 1084B Mg/Ca record also
exhibits the Younger Dryas cool period 13-11.5 kyr
ago, indicating that subtropical Southern Hemisphere
deglacial climate variations were in-phase with the
Northern Hemisphere. This is consistent with several
other tropical, subtropical, and midlatitude Southern
Hemisphere records (Kim et al. 2002, Kirst et al.
1999, Little et al. 1997, and Moreno et al. 2001).
High-latitude records, however, show the ”Antarctic
Cold Reversal” preceding Younger Dryas cooling (Blu-
nier et al. 1998, Charles et al. 1996). Perhaps this
spatial pattern is explained by changes in ocean circu-
lation (Stocker et al. 2000). The 1084B record does
not show Younger Dryas faunal abundance shifts indi-
cating changes in upwelling, as seen at the 8200 year
cold event. This suggests that different mechanisms
caused these two cooling events.
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The transition from the last glacial maximum to the
Holocene was marked by several climatic fluctuations.
In the Northern Hemisphere, a rapid return to near-
glacial conditions is observed during Younger Dryas,
whereas in the Southern Hemisphere ice-core records
show two significant but separate cooling events: the
Antarctic Cold Reversal (Jouzel et al., 1995) and the
Oceanic Cold Reversal (Stenni et al., 2001). The rel-
ative timing of these two reversals compared to the
Northern Hemisphere Younger Dryas event is central
for our understanding of interhemispheric linkages and
to explain causes and mechanisms of abrupt climatic
change. Apart from the Antarctic ice cores, high-
resolution and well-dated paleoclimatic records from
the Southern Hemisphere are sparse, yet they would
be important for our understanding of the last glacial
cycle on a global scale. Here, we report on an unprece-
dented high-resolution, southern mid-latitude marine
archive from the Great Australian Bight. ODP Leg 182
Site 1127, is situated on the continental shelf facing
the open ocean in a mid-latitude Southern-Hemisphere
location. The deglaciation oxygen isotope record of G.
ruber shows a stepwise decrease with a plateau between
16.2 and 13.2 cal. ky B.P. The subsequent decrease
is interrupted by two significant reversals, which are
14C-dated from 13.1 to 12.3 and 12.3 to 11.1 cal. ky
B.P and separated by a brief but significant decrease.

Cite abstracts as: Fos. Trans.

Interpreted as a pure temperature signal, the rever-
sals translate to an up to 3 degrees C cooling in SST.
Within the error of dating, the timing and nature of
these two reversals correlates to the recently proposed
Oceanic Cold Reversal observed in the mid-latitude In-
dian Ocean. The second, more intense abrupt reversal,
although smaller in amplitude, resembles and is syn-
chronous with the Younger Dryas Chronozone as evi-
denced in the Northern Hemisphere. Our oxygen iso-
tope record of Site 1127, which most likely represents a
combination of temperature and hydrographic change,
indicates a direct link, probably ocean-driven, between
Northern and Southern Hemisphere climate.

References: Stenni B. et al., (2002) Science 293,
2074-2077; Jouzel et al., (1995) Clim. Dyn. 11, 151-
161
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A combined analysis of terrigenous and biogenic
compounds in marine sediments from the Chilean conti-
nental slope allows detailed reconstructions of both the
paleoclimatic and paleoceanographic history of this re-
gion during the last glacial and Holocene. Based on
sediment cores recovered during two cruises with the
German R/V Sonne, we found evidence for changes
both in continental rainfall, most likely induced by lat-
itudinal shifts of the Southern Westerlies, and marine
productivity as well as sea surface temperature (SST)
changes within the Peru-Chile Current system on time
scales ranging from Milankovitch to centennial-scale.
On Milankovitch time-scales, we found strong evidence
for precession-controlled shifts of the Southern West-
erlies implying e.g. more humid conditions during the
LGM in the Chilean Norte Chico and a trend towards
more arid climates during the deglaciation culminating
in the early Holocene. These shifts are paralleled by
paleoceanographic changes indicating generally higher
productivity during the LGM mainly caused by in-
creased advection of nutrients from the south through
an enhanced Peru-Chile current. SSTs off central Chile
were about 3.5 C lower than present during the LGM.
On shorter time-scales, extremely high resolution sed-
iment cores from the southern Chilean margin pro-
vide evidence of significant short-term Holocene cli-
mate changes with bands of variability centred at ca.
900 and 1500 years, periodicities also well known from
Northern Hemisphere records. Our data point to strong
interhemispheric connections of climate change both on
multi-centennial to millennial and Milankovitch time-
scales with a major role of the tropics for the interhemi-
spheric transfer of climate signals involving changes
within the Hadley circulation and/or probably long-
term modifications of the El Nio-Southern Oscillation
system. The recently drilled ODP Sites 1233 (ca. 418S)
and 1234/1235 (ca. 36S) at the southern Chilean mar-
gin have the potential to extent our promising ultra
high resolution Holocene records from this region to the
last glacial/interglacial cycle.
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We use paired measurements of foraminiferal
Mg/Ca ratios and oxygen isotope values at several sites
spanning the Neogene to investigate the evolution of
the oxygen isotopic composition of seawater. Our ulti-
mate goal is to use the oxygen isotopic composition of
seawater as a proxy for sea level change, and to compare
it to sea-level records established with sequence stratig-
raphy. Thus far we have generated Mg/Ca records
from intermediate water sites 1088 (subantarctic South-
ern Ocean) and 757 (tropical Indian Ocean) to com-
pare with the published record from intermediate wa-
ter depth Southern Ocean site 747 (Billups and Schrag,
2002). Comparison of Mg/Ca records reveals that vari-
ability among the three sites can be considerable. For
example, all sites show a late Miocene maximum (8
Ma), but the amplitude differs among the records. Both
Southern Ocean sites (sites 1088 and 747) display a
distinct decrease in Mg/Ca ratios during the Pliocene,
reaching a minimum during the early Pleistocene (1.5
Ma). In contrast, Mg/Ca ratios at Indian Ocean site
757 remain relatively constant throughout this inter-
val of time. Using the Mg/Ca ratios as an indepen-
dent temperature proxy, we illustrate that the trends
in the calculated oxygen isotopic composition of sea-
water agree only in that values have increased since
the mid Miocene. For example, an increase in the oxy-
gen isotopic composition of seawater, expected from
the growth of Northern Hemisphere ice sheets begin-
ning in the Pliocene, is only apparent at Indian Ocean
site 757. 'These observations illustrate that regional
water mass hydrography can be variable, which high-
lights the necessity for generating records from multi-
ple sites in order to obtain a record representative of
global, glacioeustatic processes. To this end, we ex-
pand this work with records from the North Atlantic
and Pacific.
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The causes of the intensification of growth of the
northern Hemisphere ice caps at around 3.2 and 2.74
Ma BP (the so-called onset of the northern Hemi-
sphere glaciations) are still unclear. Possible causes are
changes in the global ocean circulation and the global
carbon cycle, which might have resulted from tectonic
processes, solar insolation changes, or the interaction
between both processes.

The Benguela upwelling area forms
within the global ocean system. Here, warm and
saline Indian Ocean waters enter the South Atlantic
Ocean and are transported to the north. Variability
of this inflow may thus result in changes in deep-water
production in the North Atlantic, thereby influencing
the global thermohaline circulation. Furthermore, the
Benguela area is characterized by extremely high bio-
productivity in surface waters as a result of year-round
upwelling. Variations in the upwelling intensity might
lead to changes in atmospheric pCO2.

Various upwelling cells in the Benguela upwelling re-
gion are responsible for the high bioproductivity. Vari-
ations in the upwelling intensity are dependent on the
strength and direction of the prevailing trade winds,
which in turn are steered by the difference in air pres-
sure between the South Atlantic high pressure cell and
the low pressure cells over the African continent.

To enhance our insight into the steering mecha-
nisms and causes of the onset of the NHG, detailed re-
constructions of the paleo-circulation patterns and the
variations in upwelling intensity in the Benguela region
will be established based on the analysis of organic-
walled dinoflagellate cysts, pollen and spores from a
high-resolution core covering the time interval from 3.3
to 2.5 Ma BP.

URL: http://alf.zfn.uni-bremen.de/ micropal/
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The early Kimmeridgian (Hypselocyclum and Divi-
sum zones) of the South East France Basin is repre-
sented by alternating pelagic carbonate and marl beds
of variable thickness. These alternations, at a dm- or
m-scale, were observed over a 5000 km2 zone within
the basin with a good biostratigraphic control based
on Ammonites.

25 sections were logged at a cm-scale with three
types of lithology: calcareous mudstone (> 90%
CaCO3), marly carbonate (90%>x>70%) and marl
(<70%), distinguished only in the field. These litholo-
gies are clearly grouped into more carbonated and more
marly packages, defining cycles (couplets of marl and
carbonate beds). The cross-correlation between the
sections, biostratigraphically controlled, allows the def-
inition of 37 cycles. Related to the duration of bios-
tratigraphic units considered here, the cycle duration
is about 20 ka, close to the Milankovitch precession pe-
riod.

‘Whereas the cycles are made of simple
marl/limestone couplets within the thinnest sections,
the thicker logs show that the cycles are more complex:
limestone packages display thin marly intercalations,
and marly packages display thin carbonate interca-
lations, these intercalations defining sub-cycles. The
number of sub-cycles increases with the thickness of
the cycles, varying from 3 to 17. Most of these sub-
cycles are relatively well correlated across the basin.
This suggests an external forcing with a period lower
than the precession.

In order to study more precisely these sub-cycles,
we used wavelet transforms. As physical measurements
were not available, we constructed signals from the
lithological logs, using the three lithological groups.
Some signals were processed with wavelet transform
and the apparent frequencies contents were finally com-
pared for each section to see if the contribution of some
frequencies different from those of Milankovitch is re-
vealed and to look at the coherency of the correlations.
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A widespread zone of disrupted bedding (0.5 to 3.0
m thick) is preserved in the upper Fox Hills Formation
throughout the Badlands National Park region. This
unit, the Disturbed Zone (DZ), is recognizable in park
outcrops extending for twelve miles (east to west) along
the crest of the Sage Creek Arch. It also extends at
least 20 miles north of the park along the Cheyenne
River valley. The DZ features an abundance of soft-
sediment liquefaction characteristics including rolled-
up sandy beds (now mostly concretions) with an east-
to-west axis orientation. The current mapped extent of
the DZ covers about 3,000 square kilometers in central
South Dakota, but may be much greater.

In the park, the DZ unit rest on top of richly fossil-
iferous marine marls bearing marine mollusks (mostly
ammonites and belemnites) of Late Maestrichtian age.
After many seasons of searching, the sandstone and
shale units overlying the DZ have not yielded any Cre-
taceous fossils. However, the overlying beds do preserve
an abundance of small traces fossils, arthropod and fish
remains, and plant material. In the park, this upper-
most unit above the DZ ranges up to 16 meters thick,
and the upper part preserves a series of paleosols known
locally as the Yellow Mounds.

The Fox Hills Formation in the park preserves the
same biozonation sequence as the Type Fox Hills in the
Missouri Valley region. In both regions the thickness
of the formation varies, but the measurable maximum
thickness is about the same (50 meters). In the Bad-
lands National Park area, structural patterns preserved
in the underlying Pierre Shale seem to have influenced
sedimentation characteristics (including sand content
and fossil distribution) in the overlying Fox Hills For-
mation. In addition, the thickness of the Fox Hills For-
mation is controlled by the distribution and pattern of

ancient stream valleys preserved beneath the overlying
Tertiary White River Group.
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Moraines from multiple glaciations dating back
more than a million years are preserved in deglaciated
valleys bordering the Junin Plain in the Peruvian An-
des. We have used cosmogenic dating (10Be) of boul-
ders on moraines in Alcacocha Valley (S 11° 03’, W 75°
58, elev. ~4100-4800 m) to identify deposits ranging
in age from the last glaciation (~12-33 ka) to >1.5 Ma.
This may be the longest and most detailed record of
tropical glaciation yet produced. In Alcacocha Valley,
lateral moraines of several older glaciations are consid-
erably larger and extend farther downvalley than end
moraines of the last glacial maximum. Preservation of
the older moraines and of polished surfaces on some old
boulders argues for extremely low boulder erosion rates.
We estimate a maximum erosion rate of ~0.3 m/Myr,
which approaches published rates for Antarctica and
suggests that aridity is important in slowing boulder
erosion. Our findings are consistent with results from
other Andean locations, such as the Cordillera Real in
Bolivia, where moraines of older glaciations are also
more extensive than those of the last glacial maximum.
Tectonics, climate, or a combination of both may have
been responsible for the apparent decrease in glacial ex-
tent and ice volume in the Junin Plain during the Qua-
ternary. A late Tertiary pulse of tectonism may have
resulted in an increase in high-elevation topography in
the Junin region, allowing growth of large ice masses.
The subsequent trend in decreasing ice volume could
have been caused by either a decrease in the area of
high-elevation topography through glacial erosion or a
decrease in the amplitude of climate variability. These
hypotheses could be tested by analyzing the sediment
record preserved in the Junin basin.
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A major perturbation of the global carbon cycle
across the Triassic-Jurassic boundary is indicated by
a large negative carbon isotopic excursion, recorded in
marine carbonates and organic matter, and paleosols.
Furthermore, studies of stomatal characters of fossil
leaves, changes in sea level, and flood basalt volcanism
suggest that atmospheric COg increased significantly
at the end of the Triassic. These events coincided
with one of the largest biotic crises of the Phanerozoic
and broadly with emplacement of the Central Atlantic
Magmatic Province flood basalts. Thus, COg-induced
global warming due to volcanic outgassing has been in-
voked as a cause for the mass extinction at the end of
the Triassic. It is yet unclear how changes in atmo-
spheric COg content can affect the paleoceanographic
conditions of the Late Triassic, or even if COg increases
have significant influence on the climate system at this
time.

This study examines the sensitivity of the Late Tri-
assic climate system to COg forcing using the fully cou-
pled Fast Ocean Atmosphere Model (FOAM). To test
the effect of COg on the climate system, we varied
only the atmospheric COgq level while all other bound-
ary and initial conditions were kept identical between
simulations. Atmospheric COg levels were varied from

2-8 times the present atmospheric level. Late Trias-
sic conditions were simulated using a Norian (216 Ma)
paleogeography, reduced solar luminosity (94% present
day level), and uniform land surface characteristics.
Preliminary results show that higher atmospheric
COg levels during the Triassic cause an increase in
temperatures globally due to greater greenhouse forc-
ing. The global average temperature, however, does not
vary significantly between Triassic simulations, rang-
ing from 21-22°C. Nevertheless, increases in COg can
have significant impact on regional oceanic circulation
during the Late Triassic. For example, in the south-
ern hemisphere sea surface temperatures can be up to
10°C colder at high latitudes when atmospheric COg
is doubled from 4 to 8 times present-day levels. Higher
levels of COg in these simulations resulted in the reduc-
tion of both the oceanic heat transport and meridional
oceanic overturning. These results suggest that rapid
increases of atmospheric COg during the Late Trias-
sic are sufficient to cause dramatic paleoceanographic
changes. The influence of these changing oceanographic
conditions on biota requires further examination.
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The sustained warm period of the early Pliocene
(4.6Ma to 3.1Ma) is the most recent period in the
Earths history when long-term equilibrium tempera-
tures exceeded those of today. The subsequent contin-
uation of the Earths general cooling trend after 3.1Ma
has been well documented, predominantly with records
from the high latitudes of the Northern Hemisphere.
Some prevailing hypotheses for this cooling trend and
the formation of major northern hemisphere glaciation
are related to tectonic activity in the tropical oceans;
in particular the closing of the central American seaway
and the changes in the Indonesian Seaway. Yet, there
are few robust records of climate change from the trop-
ical and subtropical regions that can be used to test
these hypotheses. Thus, in order to develop a clearer
picture of climate evolution through this interval it
is crucial to develop sea surface temperature (SST)
records in both mid and low latitude locations. This is
particularly important in the Pacific Ocean where lit-
tle is as yet understood about regional changes within
the context of this global trend. As an initial step to-
ward our goal of understanding the links between low
and high latitude climate change, we will present a SST
record from Ocean Drilling Program site 847 (0° 12N,
95° 19W, 3346m water depth), which is located in the
south equatorial current and therefore provides an ex-
cellent record of eastern tropical Pacific climate.

Results from subsurface and surface dwelling plank-
tonic foraminiferal 6180 indicate that there was a ma-
jor tropical Pacific climate reorganization with two
steps: one between 4-5Ma, and then one just after 2
Ma. However, these previous studies do not document
SST alone because §-°O reflects both ice volume and
local salinity changes in addition to SST. Since trop-
ical SST is clearly directly related to climate through
its influence on many aspects of the Earths heat bud-
get and net radiative conditions (water vapor, clouds),
it is imperative that we have a clear understanding
of changes in SST. As part of a multi-proxy study,
we generated a low-resolution sea surface temperature
(SST) record of ODP site 847 in the eastern tropical
Pacific from 0-5Ma using an alkenone saturation index
(Uk37). The alkenone saturation index is very reliable
at this location where organic carbon content is rela-
tively high (0.4%), and can be used to cross check with
foraminifera-based proxies that can potentially be in-
fluenced by calcite dissolution.
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Over the last 3.5 million years major climatic and
tectonic changes have resulted in high frequency fluc-
tuations in relative sea level adjacent to the northern
California shoreline. A detailed record of these changes
is preserved in two sedimentary sequences currently ex-
posed along the coast: the neritic to nonmarine Merced
Formation near San Francisco and the bathyal to ner-
itic Rio Dell Formation north of Cape Mendocino. With
the goal of deciphering the Plio-Pleistocene paleoenvi-
ronmental histories of these expanded ocean margin se-
quences, detailed stratigraphic sections were measured
and described from the lower portion of the Merced For-
mation and from the Upper Rio Dell Formation. Sam-
ples are being analyzed for benthic foraminiferal as-
semblage, palynological assemblage, stable carbon and
oxygen isotope composition of foraminiferal carbonate,
and organic geochemistry. These data provide insight
into paleo-water characteristics and paleobathymetry,
global ice volume and climate, terrestrial and marine
ecosystem composition and structure, specific sources
of sedimentary organic material, the frequency and
magnitude of wildfires on land during deposition, and
redox conditions during early diagenesis.

Variations in these climate and environmental prox-
ies appear to demarcate glacial and interglacial cy-
cles. These results generally support previous inter-
pretations of glacio-eustatic control on the cyclicity of
sedimentary facies within the Merced and Rio Dell for-
mations. Ongoing work aims to explore the relationship
between local and global climate proxies and to develop
a more detailed model of northern California ocean
margin sedimentary response to rapid Plio-Pleistocene
sea-level change.
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Condition for the occurrence of the completely
frozen state (a ”snow-ball” state) might be a critical
measure related to the habitability of the planet. It
is investigated with a particular reference to the oblig-
uity for both a land planet case and an aqua planet
case. Obliquity change may cause freezing and unfreez-
ing of planet if the freezing condition depends on the
obliquity. Effect of obliquity on the freezing is also an
important issue for the investigation of the paleo-Mars.

Here we investigated the freezing condition by a
general circulation model, CCSR/NIES AGCM 5.4g.
‘We applied the Earth condition, but assumed no to-
pography and applied a bucket model with the satura-
tion depth of 10 cm for ground water calculation for
the land planet case and 50m slab ocean for the aqua
planet case.

The results are summarized as follows: 1. A land
planet shows stronger resistance to the complete freez-
ing than an aqua planet. 2. A land planet in an oblique
regime falls in the completely frozen state at a smaller
solar constant than an upright regime. 3. On a land
planet in an oblique regime, low latitude area is more
susceptible to freezing than the mid latitude area. Im-
plication for the paleo-Mars will be discussed in the
presentation.
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Spatial and Temporal Variations of the
Indidura Formation
(Cenomanian-Turonian) in
Northeastern Mexico, Coahuila State
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Rock sequences of Cenomanian-Turonian age com-
monly assigned to the Indidura Formation in north-
eastern Mexico, Coahuila State, are shown to include
distinct facies indicative of significant spatial variabil-
ity over the carbonate platform of that region. The
type section at Las Delicias is characterized by very-
pale orange (10YR8/2) bedded biocalcirudites (10-30
cm thick), without internal structures, and comprises
fossil assemblages rich in epifaunal groups, as well as
nektonic and planktic taxa. Total inorganic carbon
(TIC) varies between 48 % and 94 % , with fluctuation

in total organic carbon (TOC) between 0.73 % and 1.58
%.

The section at la Casita Canyon, farther southeast,
consists of pale yellowish brown (10YR6/2) interbedded
biocalcilutites and olive gray (5Y3/2) shales between 3
and 30 cm thick. They also show no apparent original
internal structures, and allochems consist essentially of
sparse fragments of planktonic foraminifera and radio-
larian. TIC content varies between 0.84 % and 59.3 %,
whereas TOC changes between 0.17 % and 5.85 %.

In contrast, in the Parras Mountains, located south
of La Delicias and northwest of la Casita, the suc-
cession occurs under a characteristic sequence show-
ing interbeds of light olive gray (5Y6/1) and brownish
black to olive black (5YR2/1 5Y2/1) shales and marly
biocalcilutites 30 to 100 cm thick. They display dis-
tinct internal structures arranged in nearly even paral-
lel varve-like dual lamina (<3 mm thick). Few plank-
tonic foraminifera are present, but epifaunal remains
are absent, except for occasional rare pelecypods (In-
oceramus) that occur intermittently. Laminae from ei-
ther the shales or limestone facies show that they are
formed by differences associated with varying abun-
dance of micro spheres and micro-ooids, interpreted to
be of cyanobacterial origin. TIC content varies from
43 % to 78.3 %, while TOC content remains relatively
high with values between 7.35 % and 24.39 %, but more
consistently higher than 20 %.

Assuming that these facies are coeval, microfacies
studies of these rocks as well as acid etched polished
rocks, and scanning electron microscope examination
(secondary and backscatter imaging) further substan-
tiate these spatial differences. TOC-rich black shales
in the Parras region further document unique paleo-
ceanographic conditions, which was also characterized
by oxygenation of oceanic waters less effective than
usual. These unique paleoceanographic conditions im-
ply that oxygenation of oceanic waters remained ap-
parently less effective than usual throughout the se-
quence. Temporal distribution of the epifauna and car-
bon/carbonate variations in the Parras region suggest
the effects of strong dysoxic/anoxic bottom conditions
on the biota with rhythmical production and disappear-
ance of cyanobacterial mats which remained dominant
throughout.
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Changes in Southern Ocean and
North Atlantic Deep Water
Production as the Driver of the
Deglacial CO2 Rise
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The ’Holy Grail’ of glacial/interglacial COg re-
search is to identify the cause for variations in atmo-
spheric COg on this time scale. A simple mechanism
has hitherto remained elusive. Here I use an entirely
new approach to the problem, namely a global verti-
cal advection-diffusion balance of tracers in the ocean
that includes effects of deep water production and the
biological pump on atmospheric COg. The model ade-
quately reproduces modern pCOg and vertical profiles
of temperature, COgq, Alkalinity, POy, and Og in the
ocean. A reduction of the ocean’s deep water produc-
tion and an associated decrease of Og and the rem-
ineralization efficiency for organic matter in the water
column leads to the glacial pCOg of 200 patm. Assum-
ing changes in Southern Ocean and North Atlantic deep
water production consistent with proxy records over the
deglacial transition, model results excellently repro-
duce the observed temporal evolution of the deglacial
atmospheric COg rise and deep ocean CaCOg satura-
tion. The magnitude and timing of the ocean’s deep
water production rate in the northern and southern
hemisphere is hence identified as the dominant driver
of glacial/interglacial COg variations through its effect
on the vertical distribution of heat and elements in the
sea.
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Black Body Temperature in Terms of
Earth’s Orbital Elements and the
Milankovitch Precession Index
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The temperature T of a black or gray body orbit-
ing the Sun can be expressed in terms of spherical har-
monics in latitude and longitude, its Keplerian orbital
elements, and a variable describing rotation about its
axis. Assuming that the Earth is a gray body, the
resulting equation for T exhibits previously unrecog-
nized odd-degree zonal terms dubbed Seversmith psy-
chroterms. They cause a hemispheric temperature gra-
dient which depends upon e sin w, where e is the orbital
eccentricity and w is the Suns argument of perihelion
measured in an Earth-centered frame. The hemisphere
containing perihelion is the cooler. For a gray body
with the Earths average albedo of 0.3, an emissivity
of unity, and an obliquity of 23.5 degrees, the pole-
to-pole temperature difference for the combined first
and third degree spherical harmonic psychroterms can
reach 3.4 K for the present eccentricity of 0.016, and
12.9 K for the maximum eccentricity of 0.06. While
a black body with its boiling hot subsolar point and
nights at absolute zero is a poor model for the Earth,
the Seversmith psychroterms survive in more realistic
models (although with smaller amplitudes) because the
Earth radiates nonlinearly in T. The psychroterms acts
in the direction opposite to the Milankovitch preces-
sion index, which also depends on e sin w: by warming
the cool northern summers, the psychroterms make it
harder for the traditional Milankovitch mechanism to
operate. It may in fact be the Seversmith psychroterms
which are actually responsible for the ice sheets which
cycle with e sin w, instead of the Milankovitch mecha-
nism. By cooling the southern hemisphere when peri-
helion is in the south, the psychroterms may somehow
cause the southern hemisphere to control the northern
ice sheets associated with the 19 kyr and 23 kyr periods
(kyr = kiloyear), possibly through ice-albedo feedback
in the sea-ice surrounding Antarctica.
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The difference in atmospheric 14C levels in the
Northern and Southern Hemispheres (NS offset) has re-
cently been shown to vary between 1 and 10 over the
last millennium (1, 2). More than 80 % of the varia-
tion is explained by three quasi-periodic cycles with ca.
200, 130, and 80-year periods.

The 205-year de Vries cycle in atmospheric 14¢ Jev-
els can confidently be ascribed to a solar origin based
on comparisons to cosmogenic isotope records, (3, 4).
Additionally, a significant 130-year cycle is found in
the 10Be ice core record of the South Pole. Observing
these cycles in the NS offset requires either variable in-
put of 14C into the troposphere in each hemisphere or
a differential response of the carbon reservoirs to solar
variations.

The amplitude of the de Vries cycle increases
throughout the past millennium in the individual
records of Northern and Southern Hemisphere tree-ring
14¢. The Southern Hemisphere amplitudes are smaller
until ca. AD 1500 when the amplitudes in both hemi-
spheres are roughly the same. This interhemispheric
difference in amplitudes results in pseudo-cyclic behav-
ior in the NS offset that disappears after AD 1400.
Because the de Vries cycle in the South Pole 10Be
record has nearly constant amplitude during this same
time period, the increase in the amplitude in the at-
mospheric 14C records must include a climatic compo-
nent possibly related to millennial-scale ocean circula-
tion changes.
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