risk (i.e., risk slowly and systematically changing with
time) framework for flood frequency analysis as an al-
ternative to the current practice of estimating the 100
year flood as a measure of static risk implied by a sta-
tionary process. Spatio-temporal variations in flood oc-
currence over a subset of the Western United States are
first analyzed in the frequency domain. Then, we ex-
plore the implications of treating the flood process as
stationary by computing the exceedances of a T-year
flood estimated from a n-year record in the subsequent
n years. This is done with one record of annual max-
imum floods from the West, and with a 1000 year se-
ries of annual maximum NINO3 values derived from a
stationary climate run of the Cane-Zebiak model for
the tropical Pacific. We compare the results from this
analysis to a parallel analysis where the n years for es-
timating the T-year flood and the subsequent n years
for computing the exceedances are drawn at random
from the same record. The latter provides an analog
for a climate-flood process that has no temporal struc-
ture. The probability distribution for the number of ex-
ceedances is seen to be much more heavy tailed for the
structured case than for the random case, for all values
of n explored, suggesting that the multi-scale variabil-
ity in climate and floods will regularly translate into
surprises for decisions on flood control where a static
risk paradigm is used. This observation also has impli-
cations for the assessment of evidence of anthropogenic
climate change in terms of climate extremes.
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We examine the relation between proxy reconstruc-
tions of Sacramento river flow and Southwestern US
drought severity from tree-ring data, and tropical prox-
ies for El Nifio (Laguna Pallcacocha alluvial sediment
record, Ecuador) and Pacific decadal variability (6180
from the Quelccaya ice cap, Peru). An important new
result is a robust positive relation between El Nifio ac-
tivity and precipitation in Central and Northern Cali-
fornia over the past 1200 years. This relationship is im-
portant from a paleo-climatic perspective because it es-
tablishes the multi-century stability of the response to
El Nifio forcing in this region, and because it provides
support for the quality of both proxy records. A sec-
ond important result is that the relation between proxy
El Nifno activity and indicators of precipitation over
the Southwest US appears transitory rather than the
positive relationship seen in the instrumental record.
In contrast, we do find consistent agreement between
proxy for Pacific decadal variability (Quelccaya 5180)
and Southwestern US precipitation at multi-decadal
time scales from various indices going back to 450
AD. This variability can also be found in records that
have recently been used to document trans-hemispheric
co-variability in decadal scale climate fluctuations in
proxy records. Composites constructed using the proxy
data indicate that the modulation of the El Nifio- non-
El Nifno-related precipitation response over the South-
west demonstrated from the instrumental record has
been a feature of the regional climate over the past
1000 years. We hypothesize on how this modulation
is realized.
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The spatial and seasonal distribution of rainfall is
highly variable across the Yucatan Peninsula today, and
is affected by climate variability of both Pacific (e.g.,
ENSO) and Atlantic (e.g., NAO) origin. The north-
west coast is driest and is marked by a steep precip-
itation gradient from a low of 450 mm/yr near Pro-
greso (21.3°N), increasing to 1000 mm/yr at Merida
(21.0°N), and 1150 mm/yr at Abala (20.7°N), repre-
senting almost a 3-fold increase over a distance of only
65 km with negligible topographic relief. The region
is highly attractive for paleoclimate study because of
the steep rainfall gradient that is this sensitive to past
changes in the position of the ITCZ. Consequently, we
studied a 5.1-m sediment core from Aguada Xcaamal
(20.61°N, 89.72°W, max. depth = 12 m), a sink-
hole lake located near the town of Abala, Mexico. Be-
tween 1400 and 1500 A.D., oxygen isotope ratios of
the gastropod Pyrgophorus coronatus (spinose) increased
by 3%/0o and the benthic foraminifer Ammonia becca-
rii became abundant in the sediment profile, provid-
ing strong evidence for a pronounced increase in evap-
oration/precipitation ratio (E/P) and the salinity of
Aguada Xcaamal. This interpretation is supported by
historical accounts of intense drought in the mid-1400s
described in the Book of Chilam Balam of Mani (Gill,
2000), a town located only 45 km southeast of Aguada
Xcaamal. Oxygen isotope values in sediment cores
from Lake Chichancanab (19.9°N) and Lake Salpeten
(17°N) to the south also show an increase in the mid
15th century, although the magnitude is less than that
recorded in northwest Yucatan. Increased E/P on the
Yucatan Peninsula in the 15th century coincided with
the start of the Little Ice Age (LIA), and is synchronous
with increased aridity inferred from trace metals (Fe
and Ti) in the Cariaco Basin off Venezuela, and with
expressions of the LIA in tropical and polar ice cores.
Colder temperatures during the LIA are well known to
have had a societal impact in Greenland and Europe,
and decreased precipitation in Mesoamerica may have
contributed to cultural change such as the collapse of
the Mayapan hegemony in the mid 15th century (Gill,
2000).

Gill, R.B. (2000). Great Maya Droughts, University
of New Mexico Press, Albuquerque.
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Paleohydrologic variations in Africa are recorded by
the chain of large East African rift lakes, whose cli-
matic sensitivity and high sedimentation rates make
them ideal for high-resolution reconstruction of past
continental moisture balance. Among these lakes, Lake
Edward, Uganda-Congo is ideally configured to record
past variations in the African monsoon, situated on
the equator at the eastern edge of the Congo basin.
Analyses of the stable isotopic and chemical composi-
tion of authigenic calcite in three cores from Lake Ed-
ward covering the past 5,000 years show large, coherent
shifts that reflect past variations in hydrologic balance.
These chemical and isotopic stratigraphies exhibit both
a long-term trend, suggesting increasingly arid condi-
tions from 5 kyr BP culminating at 2 kyr BP, and
high-amplitude sub-millennial variability. This short-
term variability documents arid intervals centered at
4.6, 4.0, 3.4, 2.7, 2.0, 1.4, and 0.8 kyrs BP, the lat-
ter correlating with the Grand Solar Maximum and the
European Medieval Warm Period.

The controls on past African moisture balance
appear complex, potentially driven by solar forcing
and/or related to Indian and Atlantic Ocean SSTs
and high latitude events. The geochemical events in
Lake Edward are not consistently correlated with solar
forcing or with northern or subtropical Atlantic cold
events. Spectral analysis of the Lake Edward data
shows several weakly significant < 200 year periodic-
ities, as well as a highly significant period at 725 yrs.
This 725-year period has been previously recognized in
marine records from the Arabian and South China seas,
suggesting teleconnections between East Africa rainfall
and the Indian Ocean/Asian monsoon operate on long
time-scales.
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Klagen-

Planktonic oxygen isotope ratios from the laminated
sediment core 63KA off the river Indus delta dated with
80 AMS radiocarbon ages reveal significant climate
changes in the south Asian monsoon system throughout
the Holocene. The most prominent event of the early-
mid Holocene occurred after 8.4 ka BP and is within
dating error of the GISP/GRIP event centered at 8.2 ka
BP. The late Holocene is generally more variable, and
shows non-periodic cycles in the multi-centennial fre-
quency band. The largest change of the entire Holocene
occurred at 4.2 ka BP and is concordant with the end
of urban Harappan civilization in the Indus valley. Op-
posing isotopic trends across the northern Arabian Sea
surface indicate a reduction in Indus river discharge
at that time. Consequently, sustained drought may
have initiated the archaeologically recorded interval of
southeastward habitat tracking within the Harappan
cultural domain. The hemispheric significance of the
4.2 ka BP event is evident from concordant climate
change in the eastern Mediterranean and the Middle
East. The late Holocene cycles in South Asia, which
most likely represent drought cycles, vary between 250
and 800 years and are coherent with the evolution of
cosmogenic radiocarbon production rates in the atmo-
sphere. This suggests that solar variability is the fun-
damental cause behind late Holocene rainfall changes
at least over south Asia.
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Past Changes of the Hydrological
Cycle in the Tropics and Subtropics
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Within KIHZ a coral from the lagoon of Ifaty off
southwest Madagascar in the Mozambique Channel was
examined. Based on temporal variability of skeletal
oxygen isotopes annual mean sea surface temperatures
are reconstructed for the period from 1658 to 1995.
Sr/Ca ratios were measured for selected windows with
monthly resolution (1973 to 1995, 1863 to 1910, 1784
to 1809, 1688 to 1710) to validate the SST reconstruc-
tions derived from oxygen isotopes. The coral proxy
data were validated against gridded SST data sets.

The Sr/Ca-SST agree well with SST observations
in the validation period (1863 to 1910), whereas the
d180 derived SST show largest discrepencies during
this time interval. By taking into account the SST val-
ues derived from coral Sr/Ca, we were able to recon-
struct d180 seawater variability. This indicates that

Cite abstracts as: Eos. Trans. AGU, 83(47), Fall Meet. Suppl., Abstract #####-#F#, 2002.
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d180 seawater variations contributed significantly to
interannual and interdecadal variations in coral d180.
We propose that remote forcing by South Equatorial
Current and/or Indonesian throughflow variability may
contribute to observed d180O variability. The local
surface-ocean evaporation-precipitation balance is also
of importance. Our results indicate that coral d180O
may be used to reconstruct temporal variations in the
fresh water balance within the Indian Ocean on inter-
annual to interdecadal time scales.
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In contrast to research in the tropical Pacific, there
have been few definitive studies utilizing proxy records
within Atlantic coral skeletons to provide information
on the climate dynamics in this region. In order to
study associations between salinity and temperature in
the Subtropical North Atlantic, a core was retrieved
from a colony of the coral species Montastraea annu-
laris at El Pen located in the northwestern region of
Parque Nacional del Este (PNE), Dominican Repub-
lic. Decadal oscillations in the 5180 of the coral skele-
ton correlate with SST anomalies (SSTA) in the trop-
ical North Atlantic for much of the period from 1935
to 1996. Cospectral analyses of coral 5180 and docu-
mented tropical Atlantic SSTAs reveal a dominant fre-
quency of 12-15 years. This decadal frequency is well
documented in observed Atlantic SST data and mod-
els of tropical Atlantic climate. We do not believe that
fluctuations in the 5180 of this coral reflect local tem-
perature or precipitation patterns. Instead we suggest
that the 5180 of the coral is related to Caribbean wide
salinity anomalies, which are in turn related to tropical
Atlantic SSTAs.

The correlation between coral §180 and tropical At-
lantic SSTA may indicate that when a southward SSTA
gradient is pronounced, tradewinds north of the ITCZ
increase, enhancing evaporation in the North Atlantic
Subtropical Gyre. The net increase in evaporation cou-
pled with a strengthening of gyre circulation could re-
sult in a relative increase in the transport of more saline
water into the Caribbean via the Mona Passage. When
a northward SST gradient is present, precipitation as-
sociated with the northern extent of the ITCZ may
decrease the mean salinity of the North Atlantic Sub-
tropical Gyre and/or gyre circulation. A relative in-
crease in the transport of less saline South Equatorial
waters to the Caribbean could result. However, the cor-
relation between coral §180 and tropical SST anoma-
lies changes significantly between 1960 and 1970. This
change coincides with an increase in the strength of the
tropical Atlantic SSTA gradient and cooling in temper-
ature as evidenced by a decrease in the Atlantic Mul-
tidecadal Oscillation. The change in correlation may
support the idea of a transitory nature to the hypoth-
esized Tropical Atlantic Dipole.
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The decadal to century scale climate variability of
the tropical North Atlantic has major implications for
both neighboring coastal and inland areas. Changes
in patterns of sea surface temperature (SST) and SST

anomalies (SSTA) in the tropical North Atlantic are
known to affect rainfall in Florida, South America, and
sub-Saharan Africa, as well as the number of major hur-
ricanes formed in the Atlantic. Because of the signif-
icance of these connections, it is important to further
increase our predictive capacity for the recognition of
trends and cycles in tropical North Atlantic SST and
SSTA. Located at 15° N latitude off the west coast of
sub-Saharan Africa, the Cape Verde Islands are an ideal
geographic location to search for records of the Tropical
North Atlantic Index (TNA). Such patterns are present
in proxy indicators of climate (O, C, Sr/Ca and Mg/Ca)
recorded in the skeletons of slow growing corals, such as
Siderastrea radians, found in Cape Verde (growth rate =
1-2 mm/yr). These corals represent an archive for SST
and SSTA records that exceed the instrumental period
of the eastern tropical North Atlantic.

We cored corals from several different locations
within the Cape Verde archipelago and analyzed them
for stable isotopes (613C and §180) and minor ele-
ments (Sr, Mg, and Ba). The 5§80 signal present in
these corals shows a distinct relationship to the TNA
over the better part of the last 100 years. In addition,
the 6180 record in several of these corals also records
the onset of the latest Sahel (11°-18° N in Africa)
drought which began in 1970. The Sr/Ca and Mg/Ca
records of these corals indicate a slight warming of the
waters around Cape Verde during the last 100 years,
as well as accurately recording the El Nifo events of
1982-83 and 1997-98. The correlations present between
the records in these corals and the known instrumental
record for the eastern tropical North Atlantic suggests
that the fluctuations recorded in the proxy indicators
may be accurately used as a tool to study both the
intensity and duration of SST and SSTA cycles as far
back as the 1880s.
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The Western Pacific has been sparsely sampled with
respect to coral paleoclimate records and not all those
that exist greatly extend the historical climate record
of this important region. The massive coral Diploastrea,
a western and central Pacific coral genus, vertically ac-
cretes skeleton at only 3 to 5 mm per year. Growing
at a rate less than half of the genus Porites, the most
common coral used for paleoclimate studies, Diploastrea
colonies preserve temporally longer geochemical proxy
records of sea surface temperature (SST) and salinity
than Porites colonies of the same length. Its long lifes-
pan and fossil history give this genus great potential,
however no assessment has been made of the paleocli-
matic utility of Diploastrea skeletons.

We have retrieved coral cores from colonies of
both Diploastrea and Porites from Savusavu Bay in Fiji
(17.5°8, 178.5°E), a region likely sensitive to SST and
precipitation changes due to activity of the South Pa-
cific Convergence Zone (SPCZ) and the El Nifio South-
ern Oscillation (ENSO). To calibrate Diploastrea, we
have analyzed 5180 and §13C on subannual samples
from Diploastrea and Porites cores (period of overlap,
1941-1997). Sampling of Diploastrea’s exothecal mate-
rial results in annual variations most similar to Porites.
Variable seasonal growth rates coupled with a constant
sampling interval have preferentially captured winter
conditions in the geochemical composition of Diploas-
trea’s skeleton. These winter-biased §180 time series
appear to track SPCZ activity as recorded by both pres-
sure and precipitation-based indices, along with activ-
ity of the Southern Oscillation, as effectively as Porites
for the period of comparison.
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During the Plio-Pleistocene, the strength of the
African monsoon is known to have played a major role
in determining sedimentation pattern in the Mediter-
ranean by triggering sapropels deposition through in-
creased meteoric water input. Here we present a mixed
siliciclastic-carbonate section outcropping on the Mal-
tese Islands that suggests that sapropels deposits al-
ready existed in the Middle Miocene, and thus that
an enhanced monsoonal climate was likely active at
that time. Organic matter analysis at this location in-
deed reflects mixing of terrigenous and marine sources.
Moreover, runoff proxies coupled with oxygen isotopes
indicate that a direct link existed between strength of
the Monsoon and Miocene global climate. Our astro-
nomically calibrated age model shows that the African
monsoon has probably initiated around 16.7 Ma and
underwent a major strengthening around 13.8 Ma. We
argue based on other studies results and on the telecon-
nection existing nowadays between the two monsoons
that this is also true for the Asian monsoon.
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Proxy data for past surface ocean properties and
continental rainfall based on two well-dated high res-
olution sediment cores from the northernmost part
of the Gulf of Agaba and off the southern tip of
the Sinai Peninsula were used to infer hydrological
changes at the southern margin of the Mediterranean
climate zone during the Holocene. Past hydrographic
conditions were deduced from stable oxygen isotope
measurements on tests of shallow dwelling plank-
tic foraminifera, pteropods, and benthic foraminifera,
whereas sea surface temperatures were estimated with
the alkenone paleothermometry method and subse-
quently used to extract the salinity signal from the
5180 values. Vertical 6180 gradients were calcu-
lated as the difference between the shallow dwelling
planktic foraminifera Globigerinoides ruber (white), the
deep planktonic mesopelagic pteropod Limacina inflata,
and the benthic foraminifera Cibicidoides mabahethi 5180
records. Between 9.8 and 6.25 thousand years ago up
to 3.5 reduced surface water salinities and increased
vertical 5180 gradients suggest a distinct freshening of
the surface ocean. Terrigenous sediment composition
and its supply rate to the Gulf of Agaba changed dra-
matically at the end of the early to mid Holocene low-
salinity period. End member modeling of the grain-size
distributions of the terrigenous sediment fraction sug-
gests a shift in the dominant mode of sediment trans-
port pointing to a significant decrease in regional rain-
fall. The northern Red Sea humid interval is best
explained by enhancement and southward extension
of rainfall from Mediterranean sources most likely in-
volving regional monsoon-type circulation patterns in-
duced by increased land-sea temperature contrasts. We
conclude that Afro-SW-Asian monsoonal rains did not
cross the subtropical desert zone during the early to
mid Holocene. Additionally, several multi-centennial
to millennial-scale variations can be observed in both
the marine and continental proxies. A general corre-
spondence of our aridity record with the North Atlantic
proxy record of changes in drift ice suggest a broad
teleconnective response to Holocene variations in solar
output linking colder ice-bearing surface waters in high
northern North Atlantic latitudes with less arid condi-
tions in the northernmost Red Sea area and probably
involving long-term changes in the AO/NAO anomaly
pattern throughout the Holocene.

Cite abstracts as: Eos. Trans. AGU, 83(47), Fall Meet. Suppl., Abstract #####-#F, 2002.



PP62A-0320 1330h POSTER

The Evolution of a Freshwater Wetland
in a Semi-arid Environment, Loboi
Swamp, Kenya

Gail M. Ashley1 (732-445-2221;

gmashley@rci.rutgers.edu); Steven G. Driese?
(sdriese@utk.edu); Joseph Maitima Mworia’
(J.MAITIMA@QCGIAR.ORG); A. Muthama
Muasya4 (plants@africaonline.co.ke); Victoria C.
Hover? (vhover@andromeda.rutgers.edu); R.
Bernhart Owen® (owen@hkbu.edu.hk); Michelle F.
Goman” (goman@geology.cornell.edu)

IRutgers University, Dept. Geological Sciences, Pis-
cataway,, NJ 08854

2Univ.  Tennessee,
Knoxville, TN 37996

3ILRI, P.O. Box 30709, Nairobi 00000, Kenya

Dept. Geological Sciences,

4National Museums of Kenya, East Africa Herbarium,
Nairobi 00000, Kenya

S5Rutgers University-NWK, Dept. Barth Environmen-
tal Science, Newark, NJ 07102

6Hong Kong Baptist University,
Hong Kong 00000, China

Dept.Geography,

7 Cornell University, Dept.Earth and Atmospheric Sci-

ences, Ithaca, NY 14853

Loboi Swamp is situated near the equator on the
western fault-bounded margin of an asymmetric half-
graben within the East African Rift valley. The fresh-
water wetland is 3km2 and developed during mid to
late Holocene on the low relief floodplain of the axial
Loboi River. The swamp is groundwater-fed by several
springs and seeps associated with the border fault sys-
tem. Spring waters are 35°C, with pH 6.4-6.9 and the
water compositions suggest that the sources are shal-
low, and dominated by meteoric water with little con-
tributed by deep re-circulating fluids. The climate is
semi-arid. P is 700 mm/yr on the valley bottom and
1200mm/yr in the adjacent highlands; ET is estimated
to be 2500 mm/yr. Variation in precipitation occurs
on a range of time scales: semi-annual monsoonal rains
in Nov. and April; El Nino and La Nina periods ev-
ery 5-7 years; and long term variations in climate are
also likely, such as, orbitally-forced Precession cycles
( 20ka).

The modern swamp is dominated by Typha domin-
gensis Pers. ( 80%) and Cyperus papyrus L. (20%),
a crocodile habitat. The stratigraphy revealed in a
soil pit and 8 piston cores (1.5-4 m long) records the
formation, evolution and maybe the beginning of the
demise of the wetland. Basal sediments are floodplain
(sandy silts) that fine upward to f. silt and clay and
are capped with organic-rich sediment (peat). Subpar-
allel siderite concretion horizons in the silts indicate
that Fe-reducing conditions developed as the basal sed-
iments were flooded by the developing wetland. The
peat is thickest (1.5 m) in the spring-proximal area
near the fault and thins to 0.30m in the spring-distal
areas. The appearance and expansion of peat indicates

moister climate, however preliminary pollen analyses
reveals that Cyperaceae and Tpyha are less abundant
now than earlier suggesting a change from moister to
drier conditions after the development of the swamp.
Surface and porewater compositions in the swamp are
modified by processes of evaporation and decay of or-
ganic matter.

Soils and paleosols developed on the periphery of
the wetland reveal evidence for dramatic fluctuations in
hydrologic budget, as indicated by formation of siderite
and redoximorphic features during wetter phases, and
vertic (shrink-swell) and clay illuviation features dur-
ing drier phases. The combined records of sedimentol-
ogy, soils, and pollen suggests a gradual change (over
few thousands years) to wetter conditions and then to
generally drier conditions with superimposed shorter
term wet-dry cycles (hundreds of years to decades?).
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Lowstands in Lake Bosumtwi, Ghana
Suggest Episodes of Late-Quaternary
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‘We present findings from the first seismic-reflection
survey from Lake Bosumtwi, Ghana, correlated to litho-
14C-dated sedi-
We reconstructed the basins late-
Quaternary lake level history as an indicator of regional
aridity. Lake Bosumtwi, a hydrologically closed lake
located at the atmospheric equator (Intropical Con-
vergence Zone) and just south of the Sahel region, is
ideally situated to preserve temporal variations in the
area’s hydrologic budget. An exposure surface from
a sediment core and four seismic sequence boundaries
from the high-resolution, single-channel seismic data,
are interpreted as erosional surfaces formed during low
lake levels. The most recent erosional surface occurs
~31 m below present lake level (bpll) and up to 1.7
m below the present sediment-water interface. This
unconformity is believed to be co-eval with the basin-
wide late-Holocene dry period between 0.5-1 cal kyr BP
(calendar years before present), now well-dated in sed-
iment cores. Another exposure surface observed in a
sediment core is evidenced by an abrupt contact sepa-
rating low density, wet, clay rich sediments from under-
lying high density, compact, silt-rich and rootlet-rich
sediments, and is inferred to have developed ~17.5 cal
kyr BP when the lake was ~60 m bpll. Three older
erosional surfaces occur at depths of ~92, 102, and 107
m bpll, suggesting lowstands in Lake Bosumtwi during
the late-Pleistocene. By extrapolation of sedimentation
rates from the upper ~10.5 m of sediment, we estimate
the ages of these older lowstands as ~69, 85, and 107
cal kyr BP. The lowstands of Lake Bosumtwi evidenced
from the seismic and sediment core data are interpreted
as a response to increased aridity in this part of the
equatorial tropics.

6, 7th

logic and geochemical results from
ment piston cores.
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The Varved Sediments of Lake
Bosumtwi, Ghana and Implications
for a new Chronology of West African
Hydrologic Change During the Late
Quaternary
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Lake Bosumtwi is a small (8-km diameter), deep
(78-m) crater lake in the lowland forest of southern
Ghana (West Africa) that offers tremendous potential
for high-resolution environmental reconstruction. Ly-
ing in the path of the seasonal Intertropical Conver-
gence Zone (ITCZ) monsoonal precipitation procession,
as well as the dry Harmattan winds of the Sahel in win-
ter, this lake is uniquely located to provide potential
proxy records of these dominate climatic phenomena
effecting West Africa’s hydrologic cycle. The lake ex-
hibits excellent sediment preservation, with finely lam-
inated sediments through most of the ca. 24,000 years
of core material recovered thus far. We present a de-
tailed chronological analysis of the uppermost 1.1 me-
ters of laminated sediment, obtained via a recently
collected suite of freeze- and piston-cores. Utilizing
digital images and petrographic thin-section transects
of six freeze-cores and two piston cores, we identified
400 diagnostic marker laminations common among the
cores, thus enabling cross correlation of the cores to
a sub-centimeter scale. The marker laminations also
serve as anchor points for counts of organic-rich fine-
laminations that were hypothesized to be annual. Ex-
cellent agreement between our lamination counts and
independent radiometric sediment age models (lead-210
and bomb radiocarbon) verify that these counted lam-
inations are in fact annual (i.e. varves). Thus, we
are able to present an annual chronology for the last
800 years of sedimentation (prior to 2000 AD) ~4%.
Though anthroprogenic changes have probably effected
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the local environment within the last 100 years, as we
interpret anomalous increases in %organic carbon, %in-
organic carbon and %nitrogen to indicate, the varve ap-
pearance does not seem to change across the 1.1 m sec-
tion analyzed. Pre-nuclear weapon testing radiocarbon
values, derived from bulk organic carbon, were exam-
ined in relation to the varve and lead-210 age-models
to assess radiocarbon age offset due to reservoir effects
and the redeposition of old-carbon; the data suggest
that anomalously old radiocarbon ages ranging from
~430 to 3000 years are possible. The size of the ra-
diocarbon bias may vary with lake status, indicating
the role of old-carbon redeposition from ancient lake
sediments currently at shallow depths or above current
lake level in the crater catchment. Our study shows
that 1) varves have excellent potential for creating a
high-resolution chronology for Lake Bosumtwi, and 2)
caution must be taken in using radiocarbon results to
date the sediments of Lake Bosumtwi
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Lake Bosumtwi is a small (8 km-dia.), deep (78 m),
hydrologically-closed lake located in the lowland forest
zone of southern Ghana, West Africa. The steep-walled
meteorite crater basin (10.5 km-dia.) is particularly
sensitive to subtle changes in the regional precipitation-
evaporation balance, and thus has long been cited as a
benchmark paleoenvironmental site for West Africa. In
an effort to enhance the value of the Bosumtwi sedi-
ments in reconstructing decade to century-scale mon-
soon variability, we collected a new suite of freeze-
cores, and subsequently determined (e.g., with two in-
dependent radiometric systems) that the finely lami-
nated sediments represented annual varves (Wheeler et
al., AGU Fall Meeting 2002). In light of previous stud-
ies, we hypothesized that the ratio of carbon to nitro-
gen in the lake sediments provides a proxy for changing
lake area, and hence regional hydrologic balance and
monsoon strength. We confirmed the reliability of this
proxy by comparing the sediment based ratio of carbon
to nitrogen (C:N) against the age of well-dated dead
trees submerged in water depths of 10 to 20m, and then
created the first near-annually dated record of West
African rainfall extending back eight centuries. The
20th century has been the wettest of the last eight cen-
turies, with the 19th century close behind. Prior to ca.
1800, the Lake Bosumtwi region was generally charac-
terized by drought, with the periods prior to 1300, and
1640 to 1720 AD the driest. This contrasts with com-
parable records from East Africa, and indicates that
much of the Little Ice Age, including some hypothesized
periods of reduced solar output, did not result in syn-
chronous enhanced precipitation across North Africa.
Instead, it appears that the solar Maunder Minimum
resulted in a megadrought in subtropical West Africa
coincident with increased rainfall in the Sahel. Thus,
the out-of-phase relationship that characterizes inter-
annual variability may extend to longer time scales of
variation as well. In addition, anomalously strong At-
lantic trade winds and cool SSTs appear to have been
associated with the 80-year 17th to 18th century West
Africa megadrought.

Cite abstracts as: Eos. Trans. AGU, 83(47), Fall Meet. Suppl., Abstract #####-#F#, 2002.
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Relations between the Hydrologic Cycle
and Removal of Stable Isotopes of
‘Water Vapor by Tropical
Precipitation Systems
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The mechanisms by which precipitation scavenges
the heavy isotopes of water (HDO and Ho180) from
the ambient vapor are elucidated. It is shown that ex-
tensive, long-lived precipitation systems with organized
convergent flow in the atmospheric boundary layer re-
duce stable isotope concentrations markedly without
any concomitant reduction in specific humidity. The
stable isotope concentrations of water vapor therefore
serve as markers of the vigor of the hydrologic cycle
in the tropics that must be taken into account in any
interpretation of past temperature changes. Trajectory
analysis is applied to data collected from field experi-
ments in order to provide a measure that relates activ-
ity of tropical rain systems to the reduction of stable
isotope concentrations in water vapor.

PP62A-0325 1330h POSTER

Sedimentary Sulfur Variability in Lake
Sediments of the Bogota Basin as
Evidence for Orbital Forcing of
Rainfall Patterns in the Tropical
Andes
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The Funza record of the Bogota Basin in Colom-
bia comprises a thick ( 150 m) lacustrine sequence en-
compassing the last million years. This unique record,
therefore, offers a rare opportunity to assess high-
resolution climatic changes in the tropical Andes dur-
ing the late Pleistocene. Pollen data from the Funza
record have revealed altitudinal fluctuations of the up-
per Andean tree-line, interpreted to result from tem-
perature fluctuations. Moisture balance reconstruc-
tions based on pollen data have been inconclusive for
the Bogota Basin, as Andean vegetation appears to be
more sensitive to temperature changes. Here, we mea-
sured the abundance of sedimentary sulfur species in
Funza sediments as a potential proxy for rainfall be-
cause sulfur speciation in lake sediments has been ob-
served to be controlled by rainfall-induced fluxes of
reactive iron from the watershed. Total sulfur abun-
dances in the studied Funza sediments were consis-
tently low, ranging from 0.1 to 0.8 wt. percent. How-
ever, monosulfides/total sulfur ratios in Funza sedi-
ments exhibit a strongly cyclic pattern, ranging from
0.2 to 0.9. Chemical analyses indicate that, in addi-
tion to iron monosulfides, the total sedimentary sul-
fur pool includes organo-sulfur compounds. We explain
the partitioning of sedimentary sulfur between mono-
sulfides and organic sulfur in terms of iron availability
in the system. We suggest that monosulfide-dominated
intervals are related to high lake-levels and result from
the reaction of reduced sulfur with reactive iron. In
contrast, predominance of organo-sulfur compounds oc-
curs when reduced sulfur reacts with organic matter
in the absence of iron in the system. Because rain-
fall strongly controls the delivery of iron to tropical
lakes, we thus propose sulfur ratios as a proxy for rain-
fall in the Bogota Basin. Using this proxy, we found
that the driest periods (monosulfide/total sulfur min-
ima) in the basin were typically associated with glacial
maxima. Spectral analysis of the sulfur species in the
Funza record reveals a cyclic distribution with periodic-
ities closely associated with Earth’s orbital variations.
Modern rainfall patterns in northern South America are
dependent on the position of the Inter-Tropical Con-
vergence Zone (ITCZ). The spectral results, therefore,
point to orbitally forced shifts of the ITCZ in tropical
South America during the late Pleistocene.
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Little is known of the glacial moisture history of
the Amazon Basin, and debate exists as to whether
it was in fact humid or arid within this time period;
but here we present unequivocal evidence to suggest
widespread aridity within the Amazon Basin during the
Last Glacial Maximum (LGM). We have used A5180 to
serve as a proxy for contemporaneous moisture levels,
and have used it to make the first attempts to actually
quantify the Amazon River discharge back to 40 ka.
Our initial calculations reveal it to have been around
50% of the modern outflow during the Younger Dryas,
and reduced even further during the LGM.

Other palaeoclimate proxies have allowed us to ex-
amine the internal dynamics of the Amazon Basin.
Biomarker analyses (isotopic and abundance, respec-
tively) have enabled us to examine the rainforest struc-
ture over the last 40ka, particularly relative changes in
Cg : C4 vegetation (trees: savannah, thus relative rain-
forest extent), and have also provided a unique oppor-
tunity to reconstruct a history of fire frequency within
the Amazon Basin. ICP-ms analyses have allowed us to
track variations in the source and quantity of the Ama-
zon River sediment discharge. Data reveals both cen-
tennial and millennial-scale variability, which are most
likely climate-driven.

PP62A-0327 1330h POSTER

Variation in the Strength of the Central
American Monsoon During the
Holocene From Speleothem Proxy

Matthew S Lachniet! ((507)212-8000 x 8343;
mlachniet@yahoo.com); William P Patterson?
((306)966-5691; bill.patterson@usask.ca); Stephen
J Burns3 ((413)545-0142; sburns@geo.umass.edu);
Geoffrey O Seltzer? ((315)443-4980;
goseltze@syr.edu); Yemane Asmerom?
(asmerom@unm.edu); Victor Polyak®
(polyak@unm.edu); Dolores Pipernol
(pipernod@tivoli.si.edu)

1Smithsonian Tropical Research Institute, Balboa An-
con, Panama City Apdo 2072, Panama

2 University of Saskatchewan, Department of Geologi-
cal Sciences, Saskatoon, SK S7N 5E2, Canada

3University of Massachusettes, Department of Geo-
sciences, Amherst, MA 01002, United States

4Syramu:.‘e University, Department of Earth Sciences,
Syracuse, NY 13244, United States

5University of New Mexico, Department of Earth
and Planetary Sciences, Albuquerque, NM 87131,
United States
We are investigating the Holocene history of the
Intertropical Convergence Zone (ITCZ) and the Cen-
tral American Monsoon system based on stable iso-
topic time series of Panamanian and Costa Rican

speleothems. Stalagmite chronologies are constrained
by U-series disequilibrium dates and indicate stalag-
mite growth spanning several intervals during the past
8.6 kyr BP. Interpretation of stalagmite 6180 profiles
is aided by study of the modern controls affecting the
spatial and temporal variability of stable isotope val-
ues of tropical surface water and precipitation. We col-
lected ~230 surface water samples from the Darien Gap
to Lake Nicaragua and the Caribbean Sea to the Pa-
cific Ocean to constrain spatial variation of 5180 along
climatic gradients. Analysis of temporal variability
in stable isotope values in precipitation from stations
in Panama and Costa Rica, collected by the Global
Network for Isotopes in Precipitation, indicates that
5180 values display an inverse relationship to rainfall
amount. In the stalagmite record, the early Holocene
is characterized by highest 6180 values, interpreted as
drier conditions related to a weaker monsoon system
compared to the mid-Holocene. A stalagmite from the
Caribbean Slope of Panama indicates a trend to higher
5180 values to the present, consistent with decreasing
rainfall observed in meteorological records over the last
century. Cyclical 5180 variability on decadal to cen-
tennial time scales indicates changes in the strength of
the Central American Monsoon.
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Cyclones are one of the most effective geomorphic
agents, causing rapid changes in patterns of deposi-
tion and erosion through intense wind and wave energy
and coastal flooding. Since historical records in the
Atlantic Basin only extend back 370 years, a longer
record is needed of past cyclone occurrences in order
to better evaluate recurrence intervals (e.g. paleocli-
mate) and associated geomorphic change. Sand beds in
coastal ponds and marshes have frequently been associ-
ated with cyclone overwash deposition, although other
transport agents can result in similar type deposits.
The purpose of this study was to evaluate a number of
coastal pond sedimentary proxy records for their util-
ity as paleocyclone indicators. Two sets of piston cores
were taken 30 m from the beach in coastal ponds on St.
Vincent Island, Florida, a relatively undisturbed island
on the panhandle that has been frequently disturbed by
hurricane activity. A variety of different proxy records
(grain size, magnetic susceptibility, gamma bulk den-
sity, sediment reflectance, micropaleontology, salinity,
%C and N) were analyzed in these cores to detect two
major hurricanes known to have severely impacted the
island in 1894 and 1985, as well as additional minor
hurricanes. Measurements of bulk density and mag-
netic susceptibility were obtained with a multi-sensor
core logger, then cores were split and examined visually
and x-radiographically for lithology. The cores were
sampled at 1 cm intervals for measurements of radioiso-
topes (Pb-210, Ra-226, and Cs-137) and the aforemen-
tioned proxy records. Geochronological results indicate
an average sedimentation rate of 1.5-2 mm/yr. Sorting
and micropaleontological (foram abundance) data dis-
play some evidence of hurricane deposits corresponding
to 1894 and 1985. However, none of the proxy records
show clear evidence of all known hurricanes. Thus,
these commonly measured proxies are unsuitable for
paleocyclone studies in coastal ponds in Florida. Possi-
ble reasons for this include: (1) the vegetation separat-
ing the ponds from the beach may prevent much of the
overwash from reaching the ponds and (2) bioturbation
within the ponds would cause a mixing of the sediments
that would destroy storm-produced bedding.
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The main source of water vapor in the atmosphere
comes from the Western Pacific Warm Pool (WPWP)
where deep atmospheric convection is linked with the
warm SSTs (>28°C). The stability of the SSTs in
this area during the last climatic cycles is critical for
the global hydrological cycle. We investigated past
changes in SSTs of the WPWP during the last 180,000
years, applying three independent methods: alkenones,
Mg/Ca in the planktonic foraminifera G.ruber and
transfer functions based on planktonic foraminifera in
core MD97-2138, located north of Papua New Guinea.
For the latter, to circumvent dissolution and biases
linked to hydrological structure we developed a new
regional transfer function (TROP-2), which we cali-
brated with intertropical core-tops excluding the East-
ern Pacific area where anomalous high abundances
of N.dutertrei may result more from the High Nitrate
Low Chlorophyll ecosystem than from temperature or
thermocline depth gradients. Using this new trans-
fer function, the core-top-Last Glacial Maximum SST
difference is about 0.1-1.3°C, roughly consistent with
CLIMAP estimates. However, the total Late Glacial-
to-Holocene SST range here, based on both proxies,
is substantially greater, about 2.2°C. Within the past
~30 ka, the coldest conditions occurred near 18 cal. ka
BP, younger from the L.G.M. s.s, and the warmest in-
terval occurred between 5-9 ka, in the early Holocene.
The stage 6 - stage 5 difference is about 2°C using
TROP-2 and only 0.9°C using the alkenones method,
and overall the time series from the two different prox-
ies are different. Nevertheless, we conclude that in the
WPWP, a strategy of calibrating regional, ecosystem-
relevant transfer functions yields better estimates of
SST change, and based on this proxy, peak warm and
cold conditions here were not coincident with modern
and LGM time intervals. The result of ongoing Mg/Ca
analyses will be compared to alkenones and planktonic
foraminifera transfer function. The total range of SST
variability in the region using these two latter proxies
is 2-3°C in late Pleistocene time. This range indicates
that the deep atmospheric convection over the WPWP
was a pervasive feature of the climatic system.
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Tropical Pacific sea surface temperatures (SST) ex-
ert a fundamental influence on both the pattern and
absolute magnitude of atmospheric water vapor con-
centration, cloud cover, net radiation budget, and thus
global climate. The history of tropical SST and of the
Tropical Pacific air-sea interaction that leads to a large
zonal SST gradient on the equator is critical to a com-
plete understanding of tropical atmosphere and global
climate change on time scales from years to millions of
years.

We present paired measurements of magne-
sium/calcium (Mg/Ca) and 6180 on the planktonic
foraminifera Globogerinoides sacculifer (w/o sac, 355-
425pm) at one site in the eastern (ODP site 847,
0°N, 95°W, 3346m water depth) and one in the west-
ern (ODP site 806, 0°N, 160°E, 2520m water depth)
Tropical Pacific. Both records extend from 5.3 Ma to
present with a sampling resolution of ~10 kyr. We
utilize these records to reconstruct SST and the oxygen
isotopic composition of surface seawater at both sites,
as well as the zonal gradients of these properties in the
Tropical Pacific Ocean from the Early Pliocene to the
Late Pleistocene.

Temperature estimates for ODP site 847 indicate
that prior to ~2 Ma, mean SST was ~ 25+1.4°C, de-
creasing after 2 Ma to ~2341.4°C. This change is co-
incident with the development of a foraminiferal oxy-
gen isotope gradient between ODP sites 847 and 806,
and represents a critical time in the development of the
modern Tropical Pacific SST gradient, and possibly the
air-sea interactions that sustain strong Walker circula-
tion. No SST change at ODP site 847 coincident with
either the hypothesized closing of the Panamanian Isth-
mus at 4.2 Ma, with the development of a strong §180
contrast between surface and deep dwelling planktonic
foraminifera between 5 and 4 Ma, nor with the initia-
tion of northern hemisphere glaciation at 3.2 Ma.
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The Gulf of Mexico (GOM) is part of the Western
Hemisphere Warm Pool providing a source of heat and
moisture to the North American continent and North-
ern high latitudes. Paleoclimatic records from the
GOM can test the hypothesis that the tropical climate
system is an important driver of past global climate
change. In July 2002, core MDO02-2551 was taken by
the French research vessel Marion Dufresne at 26°56.78
N91°21.75 W and recovered 31.79 m of sediment from
Orca Basin situated in the northern GOM 290 km south
of the present Louisiana coast. The basin is advanta-
geous for high-resolution paleoclimatology because of a
brine layer overlying the sediment that preserves sedi-
mentary laminations and high sedimentation rates es-
timated at greater than 50 ¢cm/1000 yr.

A multi-proxy approach using Mg/Ca and §180
from foraminiferal calcite will isolate past sea surface
temperature (SST) and 6180 of sea water (controlled
by salinity, and ice volume). Separation of these pa-
rameters will help establish the relationship between
changing GOM SSTs and meltwater input from the
Laurentide Ice Sheet. The chronology of the core is be-
ing established using AMS C14 dating. Both white and
pink species of the planktonic foraminifera Globigeri-
noides ruber were analyzed for §180 and will be analyzed

for Mg/Ca. Coarse resolution data from white G. ruber

show a mean value of about -1.5 per mil during the
Holocene (low variability of <0.5 per mil) and a mean
value of about 0.0 per mil at the Last Glacial Maxi-
mum (low variability of <0.5 per mil). Marine Isotope
Stage Three (MIS 3) indicates a mean value of about
-0.75 per mil (high variability of >0.5 per mil). Sea
surface temperature and sea surface salinity have dis-
tinctly higher variability during MIS 3 in comparison to
the Holocene. Foraminiferal Mg data will add an addi-
tional constraint for SST. Phasing between GOM SSTs
and high latitude temperatures will help assess the role
of the tropical climate system on global climate change.
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Today, the Caribbean has a profound effect on the
sea surface temperature (SST) and sea surface salinity
(SSS) of waters that eventually flow into the Florida
Current and become part of the Atlantics northward-
flowing component of the global-conveyor belt. Thus,
changes in Caribbean SST and SSS over the last glacial
cycle may be intimately linked to changes in the magni-
tude of oceanic heat and salt transported to the North
Atlantic.

Stable oxygen isotope (6180) and Mg/Ca ratios
from planktonic foraminifera Globigerinoides ruber s.s.
(white variety) were measured at ~1.25 kyr. resolu-
tion through the last glacial cycle from core ODP 999A
(sed. rate 4-10 cm/kyr), Colombian Basin, western
Caribbean. Calculated Mg/Ca-SSTs, based on a pub-
lished core top calibration, were combined with G. ruber
5180 to estimate past seawater algowatw (51804)
using a laboratory calibrated §18O-temperature rela-
tionship.

Late Holocene Mg/Ca (4.09 mmol/mol) yield SSTs
in agreement with the average modern SST of 28.5°C.
Glacial Mg/Ca (3.41 mmol/mol) suggest the western
Caribbean was 2.5°C cooler during the last glacial
maximum (LGM). Deconvolved 5180, values for the
Late Holocene of the Colombian Basin average 0.9° /50,
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in agreement with modern 5180w values. The struc-
ture of the 5180w reconstruction reflects regional hy-
drographic changes during the last glacial cycle, super-
imposed on the longer-term variations in continental
ice volume. In order to remove the ice volume effect, a
recently published slsow reconstruction from eastern
equatorial Pacific core TR163-19, thought to contain a
continuous record of ice volume and sea level changes
(Lea et al., 2002), was subtracted from that in ODP
999A. The resulting excess 6180, record (A§180,,)
for Caribbean surface waters reflects regional salin-
ity variations. These data suggest that A5180,, was
enriched by ~0.5 to 0.6°/50 beyond the contribution
from ice volume during the LGM, MIS 4, and MIS 6.
In contrast, MIS 3 and 5 show 6180, values about
equal to modern values. If the slope of the mod-
ern Caribbean A&180,, :surface salinity relationship
(61804, = (0.215)SSS 6.946) was valid throughout the
last glacial cycle, these elevated 5180w values would
imply an increase in Colombian Basin LGM salinity of
~2.8° /60, beyond the influence of ice-volume.

A comparison of a previously published benthic
s13¢ proxy used to gauge variability in the formation
of North Atlantic Deep Water (NADW) with A§180,,
from the Caribbean indicate that as NADW production
slows, the SSS in the Caribbean increases. This corre-
lation suggests that elevated Caribbean salinities are
associated with phases of NADW weakening and North
Atlantic thermohaline circulation shut down.
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A new sediment core from the Orca Basin, Gulf of
Mexico, will be helpful in determining the role of low
latitude ocean dynamics in rapid climate change. The
31.79-m core (MDO02-2551; 26°56.78'N, 91°21.75'W),
obtained in July 2002 aboard the R/V Marion Dufrense
will provide, for the first time, an opportunity to study
Gulf of Mexico sea-surface temperature (SST) and sea-
surface salinity (SSS), as well as meltwater input from
the Laurentide Ice Sheet (LIS) during the Dansgaard-
Oeschger (D-O) cycles found in Marine Isotope Stage
(MIS) 3, 24-57 ka. The anoxic Orca Basin, which sits
290 km south of the Mississippi Delta, is filled with a
hypersaline brine resulting in undisturbed laminations
and excellent preservation of planktonic foraminifera.
A coarse resolution isotope stratigraphy of the core us-
ing Globigerinoides ruber (pink and white variety) with a
size fraction from 250-355 microns and faunal abun-
dances suggests the oldest sediments are from MIS
3, resulting in an average sedimentation rate of >50
cm /1000 years. A distinct negative isotope anomaly,
reaching 5180 -4 ©/,, based on pink G. ruber, occurs at
2625 cm, which is best explained by increased meltwa-
ter input from the LIS. More detailed work on the core,
including AMS 14C age control, will demonstrate how
SST and meltwater input relate to D-O events. Multi-
proxy data, including 6180, Mg/Ca and Uk’37, make
it possible to deconvolve SST and SSS. Understanding
the relationship between subtropical SST, Greenland
air temperatures and high latitude SST, in addition to
LIS meltwater input, will test the hypothesis that sub-
tropical SST changes lead high-latitude climate change.
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The climatic conditions leading to highstands of
?pluvial” Lake Estancia in central New Mexico have
been a matter of considerable debate, resulting in a
wide range of estimates for Pleistocene precipitation
and temperature in the southwestern United States.
Using a simple hydrologic balance approach, Leopold
(1951) calculated that precipitation was 50% greater
than modern based on the assumption that summer
temperatures were 9 °C colder while winter temper-
atures were unchanged. In contrast, Galloway (1970)
called on temperature decreases of 10-11 °C through-
out the year and a reduction in mean annual precipi-
tation of 14% to raise Lake Estancia to its highstand.
In still another study, Brakenridge suggested that high-
stands could be achieved through no change in precip-
iotation if monthly temperatures were reduced by 7-8

Experiments with 3 physically-based, continuous-
time models to simulate surface runoff (USDA Soil
and Water Assessment Tool), groundwater flow (MOD-
FLOW with LAK2 package), and lake evaporation (lake
energy balance model of Hostetler and Bartlein, 1990)
indicate that none of these proposed full glacial climate
scenarios could have produced a highstand lake. In par-
ticular, previous workers appear to have overestimated
the reduction in evaporation rates associated with their
proposed temperature changes, suggesting that using
empirical relationships between modern air tempera-
ture and evaporation to predict late Pleistocene evapo-
ration is problematic. Furthermore, model-determined
reductions in lake evaporation are insufficient to allow
for lake expansion as suggested by Galloway and Brak-
enridge. Even under Leopold’s assumption that pre-
cipitation increased by 50%, modeled runoff appears to
be insufficient to raise Lake Estancia more than a few
meters above the lake floor.
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Climate records developed from proxies available in
the southwest to date include packrat middens, which
provide only snapshots of climate, and tree-ring recon-
structions, which are well dated and annually resolved
but usually extend over fewer than 2000 years. Lacking
are continuous lengthy records of climate that extend
through the late glacial into the Holocene. Improved
understanding of how the climate of the arid southwest
responded to the changing forcing mechanisms over this
interval is relevant to envisioning how the region will
respond to future changes in natural and anthropogenic
forcing. Speleothems commonly preserve millennia-
long, continuous, high resolution records of tempera-
ture, precipitation, and/or vegetation history, and can
be precisely dated using U-series methods. We analyzed
a stalagmite from Cave of the Bells (elevation 1700 m)
located on the eastern side of the Santa Rita Mountains
southeast of Tucson, Arizona. First round U-Th dates
indicate the sample spans the late Pleistocene through
early Holocene, 55,000 to 9,500 years BP. High reso-
lution (~50 year) oxygen and carbon isotopes indicate
an abrupt deglacial shift that transpires in less than
100 years from cooler and/or moister glacial conditions.
Low-resolution U/Th dates place this transition around
10,500 years BP; higher resolution dates are needed
to identify the precise timing of this event, however.
The magnitude of the 6180 shift is about +2.5 per
mil (Holocene - Glacial) qualitatively consistent with
other reconstructions from the region, which indicate
more effective moisture and lower temperatures in the
southwest during the late glacial. However, our record
implies less change than is inferred from some pack-
rat midden vegetation data. Our record may also be
influenced by changes in precipitation seasonality in-
ferred from other sources. Our results are consistent
with the temperature and precipitation changes recon-
structed by GCM simulations of the glacial-interglacial

contrast in this region. Both the oxygen and carbon
isotopic data also indicate significant sub millennial
variations before and after the deglacial shift.
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A GIS analysis of modern and Maastrichtian (Late
Cretaceous) drainage systems has been made in order
to investigate the potential differences between the sur-
face hydrology of “ice-house” and "hot-house” worlds
and how this might be reflected in the geological record.
Because of the importance of COg concentrations for
generating "hot-house” climates this study also has im-
plications for potential future changes in the climate
system.

For the modern system we have utilized global maps
of observed river systems, the HydrolK digital dataset,
observations of freshwater and sediment fluxes from
recording stations, and modern day climate models
and observations. For the Maastrichtian we have com-
piled a detailed global paleogeographic map and geo-
logical database (based on earlier work by the Paleo-
geographic Atlas Project, University of Chicago) that
has been used to generate a paleo-DEM using the suite
of hydrological tools in ArcGIS, complete with recon-
structed river systems and drainage basins. This forms
the primary boundary condition for a coupled ocean-
atmosphere experiment using the HadCM3 model, with
atmospheric COg set at 4 x pre-industrial levels.

The results indicate a Maastrichtian world domi-
nated by high sea surface temperatures (as high as
30-35 C in the tropics), and a consequently greatly
enhanced hydrological cycle when compared with the
Present. Globally, modeled Maastrichtian precipitation
and evaporation are 1.5x that for the Present, with a
2.5x increase in total runoff. These changes are not
evenly distributed, either spatially or seasonally, and
therefore a detailed consideration of the paleogeogra-
phy and paleo-drainage is essential, as these changes
have a major influence on the distribution of vegeta-
tion and freshwater and sediment fluxes.

For example, the Maastrichtian Tethyan monsoon,
though less intense than noted for other modeled Meso-
zoic intervals, nonetheless dominates the seasonal dis-
tribution of precipitation and runoff over Saharan and
northeastern Africa. Seasonally high, modeled freshwa-
ter fluxes from the Hoggar Massif (northern hemisphere
Summer and Fall) drain south into the Iullemme-
den Basin, where they augment persistent runoff from
the southern Saharan areas including the proto-Niger
drainage. The modeled vegetation and weathering
regime of the surrounding hinterland is dominated by
everwet tropical forests and intensive chemical weather-
ing, consistent with interpretations from sedimentolog-
ical and palaeontological observations: the dominance
of carbonaceous-rich silts and clays, lack of evaporite
minerals and lack of coarse immature clastics.

We speculate that changes in the distribution of
the seasonal wet-everwet climate regimes due to Mi-
lankovitch forcing may account for the cyclicity ob-
served in the Maastrichtian stratigraphy of this region.
Along the North African margin the picture is very dif-
ferent with low rates of runoff, high evaporation rates
and aridity. This aridity is enhanced locally by the at-
mospheric consequences of offshore oceanic upwelling.

The large differences in the surface hydrology of
the Earth between the Maastrichtian "hot-house” and
Present-day ”ice-house” worlds clearly indicates that
we must be prepared to model regimes that may in some
areas be very different from the present day. Variations
in the distribution and intensity of rainfall may trigger
rapid changes in vegetation cover, groundwater levels
and activity of soil infauna such as termites, which in
turn would greatly affect terrestrial sediment flux and
carbon flux responses.
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The past "hothouse” climate of the Eocene ( 50
Mya) is one of the best examples from the past of the
role of greenhouse gas forcing in changing the state of
the climate system. The early Eocene is characterized
by above-freezing temperatures in polar winter, and
tropical temperatures not substantially greater than to-
day. Increases in the vigor of the hydrological cycle
and meridional latent heat transport have frequently
been cited as the cause of this distribution. We have
carried out long (thousands of years), fully coupled,
quasi-equilibrated, simulations of Eocene climate with
NCAR’s CCSM 1.4 (paleoCSM) with a range of carbon
dioxide concentrations and with realistic Eocene vege-
tation, topographic, and bathymetric boundary condi-
tions. The key result is substantial high latitude warm-
ing with little-to-no warming in the eastern equatorial
Pacific. We discuss the relative importance of changes
in local radiative balance, meridional heat transports,
especially latent heat fluxes, and ocean heat transports
in maintaining this state. Our results do not support a
role for increased latent heat transport in maintaining
7low gradient” climates.
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The Earth experienced major changes in its atmo-
spheric composition over the past. The ice core record
of atmospheric trace gases is now well documented for
the period covering the last four glacial cycles which en-
compass a wide spectrum of climatic conditions. Past
climate variations are not an exact analogue for future
changes. However the past provides lessons from real
experiments that the earth-system has undergone in
terms of trace gas - climate and carbon cycle - climate
interactions.

The greenhouse trace gas record (COg, CHy, and
partially NoO) impressively demonstrates that present-
day atmospheric concentrations are unprecedented for
over 400,000 years. It provides tests for climate mod-
els intended to simulate future responses to increasing
concentrations in greenhouse gases.

The COy and §13C ice-core records have the poten-
tial to provide boundary conditions and constraints for
biospheric and oceanic models used to estimate the up-
take of anthropogenic carbon by terrestrial and oceanic
sinks.

Recently it has been demonstrated that the gas ice-
core record contains not only a signature of the changes
in atmospheric concentrations, but also of the temper-
ature changes. This property will accurately reveal the
link and timing of greenhouse gas emission or uptake
with climate changes.
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