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We present the first detailed record of Holocene
climate variation from Icelandic eolian soil deposits.
Seven cold and windy episodes occurred in Iceland
during the last 10,000 years, including the well-
documented Little Ice Age (0.6-0.1 ka) and ”8.2 kyr
Event”. Each of these events is associated with cold
and windy climate in central Greenland, enhanced drift
ice discharge into the North Atlantic, and a diminu-
tion of deep convection in the North Atlantic. Whereas
these conditions are consistent with an expansion of
the polar cell, they cannot be attributed to a persis-
tent negative phase of the NAO/AO.
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Paleoclimatic reconstruction through the use of no-
ble gases dissolved in groundwater has been the ob-
ject of numerous studies in recent years. Unlike many
other continental temperature proxies, noble gases have
the advantage of providing direct information on atmo-
spheric temperatures at the time rainwater penetrated
the ground and joined a particular groundwater reser-
voir. In recent years, new methods for determination
of noble gas temperatures have been developed, which
provide a high level of accuracy on such temperature
estimations. The issue of paleoclimatic reconstruction
through noble gases however, is not only one of accu-
rate temperature determination, but also one of accu-
rate water age estimation so that a correct correspon-
dence between noble gas temperatures and groundwa-
ter age can be established and proper paleoclimatic re-
construction attempted. The typical approach to esti-
mate groundwater ages has been based on computing
water travel times along streamlines from the recharge
to the observation point taking into account only ad-
vection. This approach is limited because, like any
other tracer, the movement of water in porous media
is also affected by cinematic dispersion and molecular
diffusion. We have therefore undertaken the formula-
tion of hydrologic models that yield significantly better
constraints on groundwater ages in the Carrizo aquifer
and surrounding formations of south Texas, where no-
ble gas temperatures have already been determined. To
account for groundwater mixing we treat age as one
would treat a solute concentration. In order to simu-
late groundwater ages we used a finite element model of
groundwater flow that has been validated by 4He and
3He. The finite model spans a 120.6 Km cross-section
between altitudes of +220m and -2210 m, and com-
prises 58,968 elements and 31,949 nodes. Combination
of these newly calculated water ages and previously re-
ported noble gas temperatures reveals new aspects of
late Pleistocene and Holocene climate in southwestern
Texas, in particular, an abrupt late Holocene tempera-
ture increase previously unidentified through 14C dat-
ing. Temperature increased by up to 3.4◦C in the first
half of the last millennium and by 1.5◦C between ∼5.6
and 3.7 kyrs BP. More important than the resolution of
individual paleoclimate episodes is the identification of
a slow cooling trend between ∼1,200 kyrs and ∼200
kyrs, a trend that accelerates during the late Pleis-
tocene and early Holocene. This cooling trend gives
way to an extremely rapid increase in temperature in
the late Holocene. Such abrupt warming seems to have
accelerated in the last millennium and seems to con-
tinue at present. This temperature increase is the most
striking feature arising from the determination of new
groundwater ages.
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Availability of water, and response to shortage of
it, plays an important role in shaping human history.
Near a century ago, Ellsworth Huntington (1907) sug-
gested that the developments of ancient civilizations
in Inner Asian and their invasions into China and Eu-
rope were pulsed by climatic changes. In revisiting this
proposition, here we present a paleoclimatic record of
the past 5000 years deduced from carbon isotopic ra-
tio of organic carbon and percentage of aragonite in
bulk sediments of a radiometrically dated sedimentary
core of Lake Bosten, Xinjiang, China. Together the two
proxies of aridity provide a detailed record of climatic
fluctuation of the Inner Asia. The arid periods are well
characterized by high content of authigenic aragonite
and heavier values of carbon isotopic ratio of organic
carbon in the bulk sediments (implying dominance of
C4 plants which thrived under arid condition). Con-
versely, the humid/wet periods are marked by lighter
carbon isotopic values (indicating presence of C3 plants
of humid climate and absence of aragonite. The West-
ern Region (Xi-Y) area of China enjoyed a long period
of stable and humid condition from 2nd century B.C.
to the 8th century when many oasis city-states were
established and Buddhism spread from India. A dras-
tic deterioration of climate during the eighth century
appears to cause the decline of those once strived an-
cient civilizations in the eastern side of the Tarim Basin
along the Silk Routes.
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Much attention currently focuses on the identi-
fication and role of significant short-term (century-
scale) climate change episodes, with instances of such
episodes in the past offering analogues for possible
present and future scenarios. Archaeology has so far
been under-used as a relevant data source. It has a
great deal to contribute with rich datasets pertaining
to the impacts on humans and their habitats from such
events. The Aegean region - the case study considered
in this paper - has a rich database from the Neolithic
period (9th millennium BC) onwards. But a key is-
sue must first be addressed: the ability to establish
tight chronological resolution for all data types to be
considered. This is critical to ensure that only gen-
uinely coeval and associated phenomena as observed
in various records are considered together. There is
otherwise a danger that researchers suck in a variety
of un-linked data and smear them together inappropri-
ately. The problem centres particularly on radiocarbon
dating, since this is the main basis to prehistoric ar-
chaeological dating, and also the dating of most pollen
records, sediment records, and so on. For example, sig-
nificant short-term global climate change episodes have
been recognised at 8.2, 5.2 and 4.2 ka BP. However, is
it a coincidence that each of these dates lie in periods
when radiocarbon levels effectively plateau - that is real
calendar dates over 100-200+ year periods yield essen-
tially very similar radiocarbon ages? Are disassociated
data being associated through similar radiocarbon ages

rather than their true calendar dates? This problem,
and potential strategies to a solution through radio-
carbon wiggle-matching, will be explored for the above
episodes. Concentrating then on the 4.2 ka BP episode,
data from one particular case - the Aegean region - will
be assessed in terms of our ability to define the 4.2 ka
BP event. Current limitations will be highlighted. The
differing impacts of the episode in the region will then
be surveyed to highlight the variety of responses such
episodes can promote contingent on local circumstances
and evolutionary trajectories.
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The Asian summer monsoon affects climate and so-
ciety throughout a large part of the tropics. Abrupt
changes in the monsoon had potentially dramatic ef-
fect on human societies during the Holocene. Us-
ing fossil evidence of Globigerina bulloides abundance
in the Arabian Sea, we reconstructed the history of
the Asian summer monsoon winds during the past
10,000 years. G. bulloides provides a reliable index
of the monsoon, its abundance correlated with the
cool upwelling conditions produced each summer by
the monsoon winds. The Arabian Sea sediments are
nannofossil-rich foraminifer oozes, and the low oxy-
gen content of the Arabian Sea minimizes the biotur-
bation that would otherwise smooth the fossil record.
In addition to the well-known decrease in the mon-
soon winds since a maximum in the early Holocene, we
found a series of smaller, millennial-scale oscillations
between strong and weak monsoon intervals through-
out the Holocene. Periods of weaker monsoon winds
correlate with cool conditions in the circum-north At-
lantic during the Holocene, just as they did during the
larger Dansgaard-Oeschger events of the last glacial,
evidence of a link between low and mid-latitude cli-
mate. The changes in the monsoon winds were proba-
bly accompanied by changes in rainfall over India, and
we hypothesize that rain harvesting structures built in
India since 5000 year BP were societal adaptations to
climate change. Widespread evidence exists for the
construction of ponds, tanks, and artificial reservoirs
during the late Holocene when the monsoon reached
its Holocene minimum, and we also find correlation be-
tween heightened historical human efforts for adapta-
tion and the most recent minima in the monsoon winds
that occurred 1600 AD. The monsoon record supports
an emerging paradigm that at least in the tropics, the
most societally-important climate changes were driven
by changes in precipitation rather than surface tem-
perature. The cause of the monsoon oscillations, and
their links to other aspects of the tropical circulation
and higher latitude climate are still poorly understood
and require improved and more extensive quantitative
records of the tropical circulation.
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