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Executive Summary 
 
Given growing concern over the role of anthropogenic forcing of climate change, the need is greater than 
ever to understand the complex workings and sensitivity of Earth’s climate system. Beyond the relatively 
short reach of instrumental data, the study of natural archives that preserve information of how the 
coupled Earth-Ocean-Atmosphere system has changed through time provides an important contribution to 
such understanding. Over a remarkably successful decade and a half of research, the IMAGES Program 
(International Marine Past Global Change Study) has demonstrated its standing as a major platform for 
fostering international, collaborative research into the ocean’s role in climate change. This science plan 
outlines the international IMAGES community vision for a successor program that builds upon past 
accomplishments and that rises to the challenges of a new era of marine-based paleoclimatic research.  
 
The first-order question that motivates and provides direction for IMAGES(2) can be summed up as:  
 

“What are the lessons to be learned from the paleoclimate record about climate and ocean changes 
likely to occur in the 21st century and their potential impact on humanity and the biosphere?”  
 

IMAGES(2) is proposed as a decade-long international, collaborative, platform-independent science 
program whose goal is to aid researchers in addressing this and related climate questions that are beyond 
the scope and capacity of single teams or national funding organizations. IMAGES(2) will not fund 
research directly but will serve as a focal point for the pooling of global expertise, funding, and resources 
that maximizes individual contributions by nurturing internationally collaborative and thematically 
coherent science. At its heart, IMAGES(2) remains a unifying science-driven program built on a 
foundation of high quality, globally consistent proxy measurements and the multi-platform recovery of 
suitable geological archives. The fast, efficient and flexible planning cycle that IMAGES has been 
renowned for will continue to be a hallmark of IMAGES(2) operation. In order to foster quantitative 
paleo-proxy observations, IMAGES(2) places special emphasis on the continued development and 
calibration of novel and existing proxies, notably those linked to instrumental records and to the efforts of 
international programs such as GEOTRACES. IMAGES(2) also supports and encourage large-scale 
synthesis studies of value to future assessment exercises of the Intergovernmental Panel on Climate 
Change (IPCC). 
 
A new component of IMAGES(2) is the establishment of a Science Committee tasked with the evaluation 
and review of research proposals as well as proposals for thematic working groups and infrastructure 
support through an external review system. In addition to a rigorous science assessment, proposals will be 
evaluated based on the international dimension of the work as well as plans for proxy calibration and 
improvement, data quality control and archiving, accessibility of collected materials by external teams 
offering complementary expertise, integration of post-cruise sampling and research, and data synthesis and 
dissemination. Research initiatives and proposals receiving official IMAGES(2) endorsement are expected 
to stand out as cutting-edge top-priority science that meets the rigorous quality standards set by the 
international community.   
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IMAGES Background  
 

The International Marine Past Global Change 
Study (IMAGES) program was initiated in 1995 
as a community-driven, internationally 
coordinated science program aimed at the 
collection and interpretation of high quality 
paleoclimate data from the global ocean. The 
IMAGES program developed as an outgrowth of 
SCOR Working Group 100 (Sediment Coring for 
Global Change Research) and its original objectives 
as defined in 1995 were “to quantify climate and 
chemical variability of the ocean on time scales of 
oceanic and cryospheric processes; to determine its 
sensitivity to identified internal and external forcing, 
and to determine its role in controlling atmospheric 
CO2” (SCOR WG100 Report). To achieve these 
aims, IMAGES has organized sea-going missions, 
thematic and regional working groups, special 
sessions at large international meetings, 
workshops and conferences. In addition, 
IMAGES has actively encouraged, promoted, and 
supported the participation of students and early 
career scientists in its full range of activities, for 
example through shipboard opportunities 
(“University at Sea”), access to infrastructure, 
integration into research initiatives, and by 
providing travel grants to support workshop and 
conference attendance.  
 
Since its inception, the IMAGES program has 
compiled an impressive record of activity and 
achievement that can be summarized in the 
following statistics:  
 

 IMAGES has organized and coordinated 
eighteen major seagoing missions with over 
700 coring operations that have recovered 
more than 15 km of sediment;  

 Materials retrieved through IMAGES have 
directly led to the completion of over 150 
Ph.D. and Master’s theses at universities 
around the world; 

 IMAGES has initiated or co-sponsored a 
total of fifteen Working Groups that 
focused on its key thematic objectives;  

 IMAGES research has resulted in over 800 
peer-reviewed research publications in high 
impact journals, with more than 100 
published in the international front-line 
journals Science, Nature, Nature Geoscience 
and Paleoceanography; 

 IMAGES has provided more than 2 million 
Euros at various levels of support to young 
researchers and researchers from 
developing countries in order for them to 
access shipboard opportunities (“University 
at Sea”) and analytical infrastructure, and to 
participate in international workshops and 
conferences. 

 
The overarching scientific themes that have been 
addressed by IMAGES with these activities were: 

 

 the role of ocean circulation in climate 
change;  

 the role of marine biogeochemical cycles in 
the regulation of atmospheric CO2 
including perspectives from the past; 

 the impact of ocean changes on continental 
environments through land-ocean 
interactions and on human evolution and 
civilization;  

 the response of oceanic biota and 
ecosystems to climate and environmental 
change; 

 the development and application of novel 
new methods (“proxies”) enabling 
quantitative reconstructions of ocean 
variables and key processes that defined 
states of ocean circulation and climate in the 
past. 
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Over the program lifetime, a total of fifteen 
Working Groups were formed or co-supported 
to focus attention on key paleoclimate questions 
and climatically-sensitive regions of interest, and 
to foster research and drive the planning of sea-
going campaigns. These Working Groups have 
addressed the following themes: North Atlantic 
convective activity and climatic impacts; Pacific 
Circulation and Links with ENSO; South East 
Asian Monsoons; Meridional Connectivities along 
the Western Margins of the Americas (Alaska to 
Chile);  A Re-evaluation of the Last Glacial 
Maximum; Terminal Millennial Synthesis of the 
Last 80,000 Years; Reconstruction of Past 
Oceanic Circulation; Southern Ocean 
Overturning and Ocean-Atmosphere Exchanges; 
Ice-ocean Interactions; Holocene Climate 
Variability; Connecting Modern Observations 
with the Paleo-Record; Past Equatorial Pacific 
Dynamics; PALSEA (Paleo-Constraints on Sea 
Level Rise); the Marine Nitrogen Cycle, Past and 
Present; and the Climatic Importance of the 
Greater Agulhas System. 
 
To help make progress with these themes, a 
major objective of IMAGES has been to foster the 
development of a coherent global paleo-database 
of both proven and novel proxy data. The period 
of time prioritized by IMAGES for its research 
has been the last 300,000 years to achieve the 
maximum potential for integration of marine 
results with those from current and anticipated 
polar ice core studies. This time focus has been 
largely maintained over the years. 
 
IMAGES is a core program of Past Global Changes 
(PAGES), a core project of the International 
Geosphere-Biosphere Program (IGBP), and is 
affiliated with the Scientific Committee for Ocean 
Research (SCOR), and, through SCOR, with 
programs such as GEOTRACES, SOLAS, and 
IMBER. IMAGES to date has actively involved the  

efforts of more than 850 scientist and student 
participants based in 70 institutions in 26 
nations: Australia, Canada, Chile, People’s 
Republic of China, Denmark, France, Germany, 
Iceland, India, Indonesia, Italy, Japan, Mexico, 
Netherlands, New Zealand, Norway, Portugal, 
Russia, South Africa, Spain, Sweden, 
Switzerland, Taiwan, Tunisia, United Kingdom, 
and the United States of America. Funding of 
IMAGES and its multiple activities has been 
wholly achieved through a combination of 
modest subscriptions/donations from member 
countries and the collective contributions of 
participating scientists in cruise campaigns. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The series of illustrations featured in this 
document highlight some of the key data sets and 
discoveries resulting to date from the IMAGES 
program. By these examples, and almost any 
other measure, IMAGES science can be seen as 
having had a profound impact on our 
understanding of past global climates, and  

Launch of a Sediment Multi-Corer.  
Courtesy of  X. Crosta. 
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indeed climate sensitivity at large, over the last 
decade. This outstanding record of achievement 
and success argues strongly for a continuation of 
this research in a new and reinvigorated program, 
IMAGES(2). 

 

The Scientific Rationale for  
IMAGES(2)  

 
With increasing attention and the growing 
concern over the role of anthropogenic forcing of 
climate change, the need is greater than ever to 
understand the complex workings of Earth’s 
climate system. The challenge for the coming 
decade that motivates and provides direction for 
IMAGES(2) can be summed up in the 
overarching question: 

 
“What are the lessons to be learned from the 
paleoclimate record about climate and ocean 
changes likely to occur in the 21st century and 
their potential impact on humanity and the 
biosphere?” 
 
This question - with emphasis on a quantitative 
understanding of processes, magnitudes, 
feedbacks and drivers - is central not only to the 
disciplines of paleoclimatology and 
paleoceanography, but equally to those of 
modern climatology and oceanography. It defines 
an integrated rationale to a wide array of research 
concerned with the dynamics of the climate/
ocean/cryosphere system, including impacts on, 
and feedbacks from, the biosphere. More 
importantly, the question highlights the fact that 
modern observations are limited in their 
temporal scope and fail to capture the full range 
of natural variability in the climate system. This is 
further underpinned by the fact that the majority 
of our current concepts and understanding of 
abrupt climate change could have evolved only 
through the study of paleo-records. As the   

disciplines of paleoclimatology and 
paleoceanography have matured, they have 
contributed critical insights into the nature of 
past variability, including information on timing 
relationships and rates of change, the sensitivity 
of the climate system to radiative forcing, and on 
feedbacks in the system that augment or dampen 
initial perturbations. Instrumental records are 
too short to cover the full spectrum of climate 
variations and variability; they are ideally suited 
to monitor the scale and rapidity of the modern 
anthropogenic forcing of climate and its impacts, 
but cannot provide a sufficiently long-term 
perspective to reveal potential mechanisms and 
feedbacks of the climate response and sensitivity. 
Thus, concerns about future climate change and 
the potential for abrupt climate shifts require 
validation from longer-term ‘past reality’ 
derived from paleoclimatic and  
paleoceanographic studies. Furthermore, 
paleodata-based reconstructions of past climate 
variations provide critical ground-truthing for 
numerical climate models that are usually tuned 
to reproduce the state of present-day climates. 
The ability of models to reproduce past states of 
global climate as they are depicted in the paleo 
record lends fuller credence to their capacity to 
forecast future climatic developments.   

 
Building upon the successful IMAGES 
model, IMAGES(2) is proposed as a 
platform for internationally coordinated, 
collaborative research initiatives of a 
logistical and interdisciplinary 
dimension beyond the scope and 
capacity of individual teams and single 
national funding organizations.  

 
IMAGES(2) will continue to serve as a focal 
point for the pooling of global paleoclimatic 
expertise, funding, and resources that maximizes 
the potential of individual contributions by  
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assimilating them into an internationally 
integrated and thematically coherent science 
entity whose mission is to understand the role of 
marine processes in climate change. At its core, 
IMAGES(2) is a unifying science-driven program 
built on a foundation of high quality, well 
calibrated proxy measurements, large-scale data 
syntheses, and a multi-platform capacity to 
recover materials from a wide range of ocean 
regimes and marine archives. In addition to its 
traditional role in developing, nurturing and 
fast-tracking coring-based science proposals 
from within, IMAGES(2) will also accept and 
evaluate proposals from teams of investigators 
who seek formal IMAGES(2) endorsement.  
 

 
Proposals submitted for IMAGES(2) Science 
Committee endorsement must meet minimum 
standards in terms of  the international 
dimension of the proposed research, plans for 
improving proxy calibration as well as data 
quality control and long-term data stewardship, 
the accessibility of collected materials by 
external teams offering complementary 
expertise, plans for integration of post-cruise 
sampling and research, and data synthesis and 
dissemination. Research initiatives and proposals 
receiving IMAGES(2) endorsement are expected 
to stand out as cutting-edge top-priority science 
meeting the rigorous quality standards set by the 
international IMAGES community. 

   
 

Cruise tracks for coring missions conducted during the first phase of IMAGES program:  IMAGES 1 – 1995; IMAGES 2 
(NAUSICAA) – 1996; IMAGES 3 (IPHIS) – 1997; IMAGES 4 - 1998; IMAGES5 (GINNA) – 1999; IMAGES 6 – 2000; 
IMAGES7 (WEPAMA) – 2001; IMAGES8 (MONA) -  2002; IMAGES 9 -  2002; IMAGES 10 (CADO) – 2003; 
IMAGES11 (PICASSO) – 2003; IMAGES 12 (MARCO POLO) – 2005; IMAGES13 (PECTEN) – 2006; IMAGES 14 
(MARCO POLO 2) – 2006; IMAGES15 (PACHYDERME) – 2007); IMAGES 16 (RETRO2) – 2008; IMAGES 17 
(AMOCINT) – 2008; IMAGES 18 (RETRO3) - 2009 
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The IMAGES(2) community is well positioned to 
address outstanding fundamental aspects of the 
overarching question above, such as:  
 

 what is the climate sensitivity to natural 
forcing in terms of speed and magnitude of 
change, and how does this sensitivity define 
future changes under a continuing 
anthropogenic influence?” 

 how are marine biogeochemical cycles, 
biota and ecosystems involved in this 
 sensitivity? 

 what was the response of global ice volume/
sea level to past forcings that were 
comparable to those currently induced by 
human activity? 

 what were the prime parameters that 
drove climate to vary on decadal to 

 centennial time-scales in the past, some 
 triggering high-amplitude transitions  
 within a few years? 
  what is the natural range of rates and 
 amplitudes of abrupt climate changes? 

 

 

High resolution analyses of sea surface  t empe rature and w ater  mass distribution proxies, as well a s
re lative biomarker content, in IMA GES  c ores from the Ibe rian margin show e vidence  for bipola r 
coupling during cold phases of climate . Cold episodes follow re latively warm and largely ice-free 
periods when the predominance of deep wa ter  formation changed from northern to southern 
sources. These results reinforce the conne ction bet wee n rapid c lima te changes at Medite rranean 
latitudes and c ent ury-to-millennial variabil ity in northe rn and southern polar  regions.

Further reading: B. Martrat e t al. (2007) . Four Climate  Cy cles of Recurring D eep and Surface 
Water Destabilizations on the Iberian M argin. Scie nce, 317: 502-507.

Evidence for Interhemispheric Climate Coupling

High resolution analyses of sea surface  t empe rature and w ater  mass distribution proxies, as well a s
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Embedded within the framework of international 
paleoclimate research in the polar (ice-core) and 
terrestrial (lake cores, cave deposits) domains, 
the ocean-focused program of IMAGES(2) is 
essential for addressing these questions, since the 
ocean: (1) covers more than 70% of the Earth’s 
surface area, and paleoceanographic research is 
the only way to get physical, chemical, biological, 
and biogeochemical data from this domain; (2) 
holds, and to an important extent controls, more 
than 90% of the exchangeable CO2 in the 
interactive ocean-atmosphere system such that 
minor changes in its carbon inventory potentially 
stimulate large responses in atmospheric 
chemistry; and (3) holds in its upper ten meters 
of water as much heat as the entire atmosphere; 
therefore the ocean plays a pivotal role in heat 
redistribution on Earth, both through heat 
advection by ocean circulation, and as the 
dominant source of moisture involved in the 
atmosphere’s hydrologic (latent heat) cycle. 
Knowledge of past changes in ocean properties, 
circulation, and ecology can only be obtained 
from detailed paleoceanographic studies, and 
IMAGES(2) is a key program for such research. 
Research proposals and initiatives developed 
through IMAGES(2) will be evaluated based on 
how well they address these and other key 
climate questions from the perspective of paleo-
reconstructions. 
 

IMAGES(2) places special emphasis on closing the 
‘gap’ between centennial to millennial time 
resolution typically achieved in paleoceanographic 
studies and the much shorter timescales of modern 
instrumental monitoring where the emphasis is on  
monthly to interannual scales. In IMAGES(2), 
paleoclimatologists and paleoceanographers  
seek to develop and expand the availability of 
records with the highest possible resolution from 
settings where links to instrumental data can be 
made directly and archives with interannual to 
decadal resolution can be attained. For the oceanic  

settings targeted by IMAGES(2), such resolution 
is possible in regions with high sediment 
accumulation rates, and especially where 
bottom-water anoxia or dysoxia minimize 
sediment homogenization by bioturbation. 
Marine paleoclimatology, as a discipline, needs 

 
Influence of Tropical Processes on 
the Termination of the Last Ice Age

Records from IMAGES cores MD98-2181 and MD98-2176, 
recovered from the Indonesian Archipelago, reveal that Pacific 
tropical sea-surface temperatures increased synchronously with 
warming over Antarctica since 17.6 kyrs ago. Modern sea 
surface temperatures were established as early as 14.6 kyrs
ago, around which time the warming of the northern high 
latitudes had just begun. This IMAGES contribution from the 
tropics helps to explain why Antarctica warmed earlier than 
Greenland in spite of decreasing insolation over Antarctica and 
low greenhouse gas concentrations.

Further reading: L.D. Stott et al. (2004). Decline of surface 
temperature and salinity in the western tropical Pacific Ocean 
in the Holocene epoch. Nature, 431(7004):56-59.
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tropical sea-surface temperatures increased synchronously with 
warming over Antarctica since 17.6 kyrs ago. Modern sea 
surface temperatures were established as early as 14.6 kyrs
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in the Holocene epoch. Nature, 431(7004):56-59.
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increased efforts to quantify parameters critically 
involved with defining the ocean’s physical 
circulation and biogeochemical inventories in the 
past. Numerical algorithms that link individual 
proxies to ocean parameters must be improved 
and confidence margins must be specified and 
reduced so as to provide robust reconstructions 
that can be tested with (and against which to 
assess) numerical model simulations.  
 

For IMAGES(2), this provides motivation for a 
concerted effort to improve proxy calibrations 
and quantification of key ocean parameters such 
as temperature, salt and carbon storage, both for  
the sea surface and deeper water column, through 
the development of independent proxies (such as 
deuterium concentrations in marine organic 
matter as a salt proxy). It also means further 
development of rate-sensitive proxies for water 
transport and basin-scale overturning circulation, 
such as Pa/Th that directly complement the 
proven  nutrient-based proxies 13C and Cd/Ca, 
and of methods for reconstructing vertical water 
column structure from analysis of multiple 
biogenic signal carriers (e.g., foraminifera, 
coccolithophores) that allow paleogeostrophy to  

be estimated. Oceanic changes in heat transport 
and carbon cycling need to be better quantified, 
with an emphasis for the latter on how global 
and regional changes in productivity respond to 
reorganizations of the ocean circulation and 
atmospheric forcing, and how changes in the 
residence time of carbon in the water column 
affects its subsequent transfer to sediments on 
the seafloor. To address these requirements, 
IMAGES(2) encourages and supports the 
development of novel new proxies, and their 
calibration and verification by applying them to 
recent time intervals that allow close 
comparison with instrumental data, and 
subsequent application to older periods. This 
requires a greater emphasis on time-series 
studies, for example linking surface processes 
with deep sedimentation patterns as measured 
by sediment traps and varved sediments. 
IMAGES(2) makes it a priority to support 
studies to assess better the diagenetic alterations 
that can occur in proxy signals through 
degradation and dissolution reactions within the 
bioturbated sediment layer on the seafloor. Such 
work is essential for further enhancing the 
robustness of proxy reconstructions and for 
making estimates as quantitative as possible.   

 
Over a remarkably successful decade and a half 
of research, IMAGES demonstrated its standing 
as a platform for creating partnerships and 
facilitating research within the growing global 
community of paleoclimatologists and 
paleoceanographers, and for organizing working 
groups that provided a fast, efficient and flexible 
planning cycle for the staging of successful 
marine sample retrieval campaigns. Building on 
its IMAGES predecessor, IMAGES(2) is 
perfectly positioned to rise to the challenges of 
the next decade of paleoclimate science.  

 
 

Varved sediments from anoxic sea floor settings provide 
the opportunity to reconstruct interannual to century-
scale climate change. Courtesy of L. Peterson. 



Page 9 

20132013--20232023  

The first phase of IMAGES, 1995-2012, was 
driven to no small extent by the efforts and 
initiatives of individual research groups who 
accessed the unique technical infrastructure of 
IMAGES to widen their research prospectus. The 
ability to retrieve large arrays of sediment cores 
up to 60 m in length, both rapidly and efficiently, 
using the IPEV giant CALYPSO piston corer 
constituted a technical leap forward and opened 
up vast opportunities in marine paleoclimate 
research by providing a tool for seafloor sampling 
intermediate in scale between conventional 
piston coring and the much more expensive and  

logistically demanding use of a 
scientific drillship. As new long 
coring systems have increasingly 
come online (e.g., the WHOI 
Long Core system, MEBO at 
Bremen University), the 
historical need to have IMAGES 
tied to a single platform has 
disappeared.  

 
IMAGES(2) hence 
constitutes a natural 
progression from a 
platform-dependent 
program to one that is 
wholly driven by science. 
To guarantee fast turn-
around of proposals, 
IMAGES(2) builds upon the 
time-tested, rapid planning 
and organizational 
experience of the global 
IMAGES community. 

 
As part of an effort to more 
effectively promote its research, 
IMAGES(2) will identify and 
pursue formal links to 
complementary international  

science programs that broaden and deepen its 
mission. The two key programs that effectively 
sponsor and provide broad direction to IMAGES 
research are SCOR (Scientific Committee on 
Oceanic Research), for integration with the 
modern observational ocean community, and 
IGBP (The International Geosphere-Biosphere 
Program), which provides integration into the 
wider Global Change context. Another key 
linkage is to PAGES (Past Global Changes), which 
coordinates research aimed at understanding the 
Earth’s past environment in order to make 
predictions for the future. Immediately upon 

Highly precise timeframes are required for climate-ocean proxies in order to 
achieve parity with the best records from other archives, such as ice-cores and 
lake sediment cores. A stack of six highly resolved records of changes in the 
Earth’s magnetic field – retrieved from the North Atlantic by IMAGES cruises –
yielded the NAPIS-75 North Atlantic Paleo-Intensity Stack, calibrated to the age 
model of the GISP2 ice-core record. This IMAGES research has provided a 
precise, high time-resolution, long-range stratigraphic correlation tool for 
producing robust marine sediment core age models. 

Further reading: C. Laj et al. (2000). North Atlantic paleointensity stack since 75 
ka (NAPIS-75) and the duration of the Laschamp event. Phil. Trans. Royal Soc. 
London, 358:1009-1025; G. Wagner et al. (2000). Chlorine-36 evidence for the 
Mono Lake event in the Summit GRIP ice core. Earth Planet. Sci. Lett., 181:1-6; 
A. Mazaud et al. (2002). Geomagnetic assisted stratigraphy and SST changes in 
core MD94-103 (southern Indian Ocean): Possible implications for North-South 
relationships around H4. Earth Planet. Sci. Lett., 201:159-170.

A Global, Highly-Resolved Dating Tool for Paleoclimate Records

Highly precise timeframes are required for climate-ocean proxies in order to 
achieve parity with the best records from other archives, such as ice-cores and 
lake sediment cores. A stack of six highly resolved records of changes in the 
Earth’s magnetic field – retrieved from the North Atlantic by IMAGES cruises –
yielded the NAPIS-75 North Atlantic Paleo-Intensity Stack, calibrated to the age 
model of the GISP2 ice-core record. This IMAGES research has provided a 
precise, high time-resolution, long-range stratigraphic correlation tool for 
producing robust marine sediment core age models. 

Further reading: C. Laj et al. (2000). North Atlantic paleointensity stack since 75 
ka (NAPIS-75) and the duration of the Laschamp event. Phil. Trans. Royal Soc. 
London, 358:1009-1025; G. Wagner et al. (2000). Chlorine-36 evidence for the 
Mono Lake event in the Summit GRIP ice core. Earth Planet. Sci. Lett., 181:1-6; 
A. Mazaud et al. (2002). Geomagnetic assisted stratigraphy and SST changes in 
core MD94-103 (southern Indian Ocean): Possible implications for North-South 
relationships around H4. Earth Planet. Sci. Lett., 201:159-170.

A Global, Highly-Resolved Dating Tool for Paleoclimate Records
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formal launch, IMAGES(2) will begin a major 
effort to reinvigorate its relationship with each of 
these programs.  

 
Beyond SCOR, IGBP and PAGES, IMAGES(2) 
will seek to associate itself with other coordinated 
programs that have direct research relevance to 
the marine paleoclimate community, including: 
 

 GEOTRACES (SCOR), which aims to 
identify processes and quantify fluxes that 
control the distributions of key trace elements 

and isotopes in the ocean, and to establish the 
sensitivity of these distributions to changing 
environmental conditions;  

 

 SOLAS (Surface Ocean - Lower Atmosphere 
Study) (SCOR), which aims to achieve 
quantitative understanding of the key 
biogeochemical-physical interactions and 
feedbacks between the ocean and atmosphere, 
and of how this coupled system affects and is 
affected by climate and environmental change; 
and 

High-resolution Pleistocene (0 - 1.75 Myr) oxygen isotope and Mg/Ca paleotemperature
records from IMAGES core MD97-2140, recovered from the heart of the Western 
Pacific Warm Pool (WPWP). In contrast with the eastern equatorial regions, sea surface 
temperatures in the WPWP were relatively stable throughout the Pleistocene, implying 
little long-term change in the tropical net radiation budget. This IMAGES contribution 
has redefined our understanding of the Earth’s larger climate changes and challenged the 
hypothesis of a gradual decrease in atmospheric CO2 concentrations as a dominant 
trigger of the longer glacial cycles experienced after the Mid-Pleistocene transition.

Further reading: T. de Garidel-Thoron et al. (2005).  Stable sea-surface temperatures in 
the western Pacific warm pool over the past 1.75 million years. Nature, 433(7023):294-
298.

Tropical Temperature Variations Associated with Ice Age Cycles

High-resolution Pleistocene (0 - 1.75 Myr) oxygen isotope and Mg/Ca paleotemperature
records from IMAGES core MD97-2140, recovered from the heart of the Western 
Pacific Warm Pool (WPWP). In contrast with the eastern equatorial regions, sea surface 
temperatures in the WPWP were relatively stable throughout the Pleistocene, implying 
little long-term change in the tropical net radiation budget. This IMAGES contribution 
has redefined our understanding of the Earth’s larger climate changes and challenged the 
hypothesis of a gradual decrease in atmospheric CO2 concentrations as a dominant 
trigger of the longer glacial cycles experienced after the Mid-Pleistocene transition.

Further reading: T. de Garidel-Thoron et al. (2005).  Stable sea-surface temperatures in 
the western Pacific warm pool over the past 1.75 million years. Nature, 433(7023):294-
298.

Tropical Temperature Variations Associated with Ice Age Cycles



Page 11 

20132013--20232023  

 IMBER (Integrated Marine Biogeochemistry 
and Ecosystem Research) (SCOR, IGBP), 
which aims to investigate the sensitivity of 
marine biogeochemical cycles and ecosystems 
to global change, on time scales ranging from 
years to decades. 

  
In addition, IMAGES(2) will seek to formalize its 
position relative to the major scientific drilling 
programs, IODP (Integrated Ocean Drilling 
Program, and its planned successor, the 
International Ocean Discovery Program; most 
logically through ECORD Mission Specific 
Activities), ICDP (International Continental 
Drilling Program), and ANDRILL (Antarctic 
Drilling Program). Each of these programs, along 
with IMAGES, brings state of the art coring and 
drilling technology to bear on scientific questions 
that only these programs – and the research 
communities they support – can answer.  
 
Finally, a special task force in IMAGES(2) will be 
given the mission to synthesize and disseminate 
the research results obtained from IMAGES(2) 
projects to the wider scientific community as 
well as to collate and synthesize its research 
outcomes for possible implementation into future 
IPCC assessment reports. This special task force 
also will be in charge of developing a strategy for 
aligning IMAGES(2) with new major questions 
that arise from the IPCC assessments, and for 
publicly highlighting aspects of IMAGES research 
that have clear implications for human well-being 
and vulnerabilities, as well as for decision/policy 
makers. This task force shall proceed along pre-
defined strategic lines, published via a public 
IMAGES(2) web archive in addition to relevant 
journals and other media. 

  
This task force will also have the mandate to take 
(and maintain) an overview of the scientific 
progress in IMAGES(2) so that these ‘human  

dimension’ aspects are identified and 
highlighted in a coherent and well-supported 
manner. 

 
Objectives  

 

IMAGES(2) will concentrate on the 
development of an improved quantitative 
understanding of key processes in the Ocean-
Climate system in order to provide a detailed 
basis for improved prediction of future changes 
in climate, ocean circulation, biogeochemistry 
and ecology, and understanding of climate 
sensitivity at large. 

 
 

 
 

From its earliest inception, IMAGES has sought 
to acquire and generate high-quality 
paleoceanographic records as a means to 
establish an oceanic reference database for  

Launch of a CTD Rosette for water column 
studies. Courtesy of  X. Crosta. 
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comparison with ice-core based studies, notably 
from Greenland and Antarctica. IMAGES 
sponsored research has focused primarily on the 
last several hundred thousand years as the period 
that is well covered by high-quality ice-core data. 
Over the last decade, complementary high-
resolution terrestrial records have also become 
available, from lakes and cave deposits, so that 
detailed polar-oceanic-terrestrial comparisons are 
increasingly becoming possible.  

 
IMAGES(2) will continue and extend the 
IMAGES tradition of providing highly detailed 
oceanic information for up to the last 1.5 million 
years, an extended timeframe that reflects 
optimism that longer ice core records will be 

acquired and developed. Within this 
approach, IMAGES(2) can accommodate the 
delivery of both highly resolved time series, 
and (new to IMAGES) spatial property 
distribution maps for periods of ocean and 
climate change crucial to our understanding 
of climate sensitivity. IMAGES(2) intensifies 
this integrated approach by promoting close 
interaction with the modern oceanographic 
and climate modeling communities. This 
requires liaising with representatives of both 
communities from the early planning stages 
of individual projects to project completion. 
Combining the expertise of observational 
oceanography and numerical modeling with 
its own marine paleoclimatic expertise  

Records from IMAGES cores MD95-2042 and MD95-2043, recovered from offshore the Iberian 
Peninsula, provide evidence of strong sea-surface water temperature fluctuations. These show a typical 
North Atlantic signature, similar to the GRIP ice-core temperature proxy record (red). In contrast, MD95-
2042 oxygen isotope data from benthic foraminifers reflect changes in deep-sea temperature and global 
ice-volume. These benthic data display a typical Antarctic signature, similar to the VOSTOK ice-core 
temperature proxy record. This IMAGES key contribution firmly established the phase relationship 
between North Atlantic and Antarctic climate variability.

Further reading: N.J. Shackleton et al. (2000). Phase relationships between millennial-scale events 
64,000-24,000 years ago. Paleoceanography, 15(6): 565-569.

Timing Relationship between Northern and Southern Hemisphere
Climate Variability

Records from IMAGES cores MD95-2042 and MD95-2043, recovered from offshore the Iberian 
Peninsula, provide evidence of strong sea-surface water temperature fluctuations. These show a typical 
North Atlantic signature, similar to the GRIP ice-core temperature proxy record (red). In contrast, MD95-
2042 oxygen isotope data from benthic foraminifers reflect changes in deep-sea temperature and global 
ice-volume. These benthic data display a typical Antarctic signature, similar to the VOSTOK ice-core 
temperature proxy record. This IMAGES key contribution firmly established the phase relationship 
between North Atlantic and Antarctic climate variability.

Further reading: N.J. Shackleton et al. (2000). Phase relationships between millennial-scale events 
64,000-24,000 years ago. Paleoceanography, 15(6): 565-569.

Timing Relationship between Northern and Southern Hemisphere
Climate Variability
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provides IMAGES(2) with the dynamical 
perspective that is pivotal when selecting coring 
sites and establishing post-cruise analytical 
programs. Oceanography and modeling will aid 
in selecting optimum locations for achieving 
scientific objectives and provide guidance as to 
which proxy data will best deliver the paleo-
information needed to perform numerical 
simulations under realistic conditions of past 
climates.  
 
The rapid progress in climate science and the 
ever increasing complexity of this line of research 
warrants flexibility of the IMAGES(2) prime 
scientific objectives under the umbrella of its 
main mission. Whereas the international 
community has agreed to a number of initial key 
research challenges for IMAGES(2), these 
objectives will require continuous updating as the 
science progresses. The fast planning cycle that 
IMAGES has become renowned for is ideally 
suited to meet the need for a comprehensive, 
flexible approach that allows the community to 
anticipate and respond to the emergence of new 
insights and questions. 

Key scientific objectives for IMAGES(2) 
envisaged at the present stage include:  

 
 1)   To foster a sound understanding of 

the dynamics and impacts of climate 
variability during warm periods 
(interglacials).  This includes ecological/
biogeochemical aspects, key sensitivities and 
relationships between different processes and 
agents/mechanisms of change.  

 
 2)   To improve the fundamental 

understanding of the processes which 
determine the magnitude and rapidity of 
abrupt ocean/climate change.  This 
includes how the processes differ between cold 
(glacial), intermediate (interstadial) and warm 
interglacial) climate ‘background states’ – with 
specific focus on identifying potential threshold 
responses – as well as the spatial and temporal 
relationships between changes in various part of 
the climate system. 

 
 3)   To improve and extend the 

calibration, both empirical and 
mechanistic, of proven and new paleo-
proxies against processes and property 
distributions in the modern ocean/
climate system.  This delivers a more robust 
means for quantitative paleoceanographic and 
paleoclimatic econstructions, as well as a more 
detailed characterization of controlling 
mechanisms. 

 
Each of these objectives addresses issues and 
questions central to climate science that must be 
answered through a systematic and sustained 
effort to sample and generate well-dated, high 
resolution paleoceanographic records. A more 
detailed summary of the challenges and 
opportunities associated with each of these 
objectives follows. 

 

Recovery of a CALYPSO giant piston core onboard 
the R/V Marion Dufresne.  Courtesy of  I. Hall. 
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Scientific objective 1 
 
To foster a sound understanding of the  
dynamics and impacts of climate 
variability during warm periods 
(interglacials). 
 
The current climatic situation is exceptional in 
that industrial and human activity continues to 
add to the atmospheric greenhouse gas inventory 
beyond the natural maxima experienced during 
interglacial periods of the past several hundred 
thousand years. Because the ‘starting point’ for 
climate change into the future was an interglacial 
climate state (i.e., the Holocene warm period, 
with no large ice sheets in the Northern 
Hemisphere except Greenland, and naturally 
elevated CO2 levels in the atmosphere), it has 
become increasingly important to understand 
how climate behaves under warm conditions in 
order to learn about the possible future 
consequences. Detailed information about 
climate variability during warm periods can be 
obtained from the study of previous interglacials 
in the recent geological past. Each interglacial of 
the last 600 thousand years has been different and 
as such none can be used as a perfect analogue for 
the continued evolution of the present 
interglacial or for future climate change. Key 
interglacials to be studied are Marine Isotope 
Stage (MIS) 5e (about 125-119 ky BP) and MIS-
11 (roughly 425-395 ky BP). The penultimate 
interglacial, MIS 5e, exhibits at least some 
features predicted for the next 100 years under a 
continued human influence: the specific orbital 
configuration resulted in solar forcing some 60 
Wm-2 higher than during the Holocene, summer 
temperatures over the Greenland ice sheet were 
above the freezing point, southern Greenland was 
ice free, mean sea-level was 4 ± 2 m above the 
present, Arctic sea ice cover was reduced to ~50 
% of today’s and the Arctic Ocean may have been  

ice free during the summer season. In contrast, 
MIS-11 was a relatively long interglacial with 
mean sea-level similar to or above the present 
but with orbitally-controlled insolation 
conditions close to present values. Valuable 

lessons are similarly to be learned from the 
intervening interglacials (MIS-7 and MIS-9), as 
well as the next oldest interglacial (MIS-13). 
MIS-13 (roughly 500 ky BP) is of particular 
interest because ice-core data have revealed that 
atmospheric carbon dioxide concentrations 
were noticeably lower at that time than during 
the younger interglacials that followed. MIS-13 
may thus reveal critical information about the 
amplitudes of climate sensitivity to different 
CO2 concentrations during interglacials. 
Furthermore, MIS-13 coincides with the onsets 
of both the global bloom of the coccolithophore 
Geophyrocapsa caribbeanica and the well-known 
mid-Brunhes dissolution event, and thus is also 
essential for studying and understanding 
biogeochemical cycles and their impact on the 
deeper ocean's carbon budget. Of course, to 
make sensible comparisons between past 
interglacials and the current interglacial state, 
the Holocene itself needs to be studied with 
equal intensity, using the same tools.  

The R/V Marion Dufresne with its giant CALYPSO corer 
has been a key platform in the pursuit of IMAGES re-
search.  Courtesy of  L'Institut Polaire Français Paul-

Emile Victor (IPEV) 
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IMAGES(2) research on interglacials will lead to 
better (quantitative) insight into the sensitivity of 
warm interglacial climates as well as their impacts 
on, and feedbacks received from, the ocean. This 
effort will thus help to identify sources of 
uncertainty in projections of future climate 
developments and, ultimately, to help reduce this 
uncertainty. IMAGES(2) rises to the challenge by 
promoting the development of ultra-high-
resolution multi-proxy marine studies in 
conjunction with multi-disciplinary data 

assessment that will elucidate the warm-climate 
dynamics at interannual to century timescales. 
IMAGES(2) further increases its activity in 
developing baseline records of the last two 
millennia from areas with exceptional 
sedimentary preservation, for comparison with 
other high-quality records for this period of 
time from historical archives, tree-ring studies, 
ice-cores, speleothems, and laminated lake 
deposits. 

 

Alkenone-based reconstruction of sea surface temperatures (SSTs) over the past two millennia at 
unprecedented temporal resolution (2 to 5 years), from IMAGES core MD99-2275 located off North 
Iceland. Spectral analyses of the SST signal indicate intermittent 20-25 year oscillations, with 
periods of strong and weak power that likely reflect an ocean response to wind forcing, presumably 
the North Atlantic Oscillation (NAO). Warmer SSTs and paleo-magnetic proxy data, between 1000 
and 1350 year A.D., overlapping the Medieval Warm Period (MWP), suggest enhanced heat 
transport across the Denmark Strait by the North Icelandic Irminger Current (NIIC) This is in 
contrast with the subsequent period, which includes the Little Ice Age (LIA), showing continuous 
cooling towards the 20th century. Reduced NIIC flow through the Denmark Strait is interpreted to 
result from increased freshwater and sea ice export from the Arctic.

Further Reading:  Sicre et al. (2008). Decadal variability of sea surface temperatures off North 
Iceland over the last 2000 yrs. Earth and Planetary Science Letters 268: 137-142.

Decadal-Scale Climate Variability in the North Atlantic

Alkenone-based reconstruction of sea surface temperatures (SSTs) over the past two millennia at 
unprecedented temporal resolution (2 to 5 years), from IMAGES core MD99-2275 located off North 
Iceland. Spectral analyses of the SST signal indicate intermittent 20-25 year oscillations, with 
periods of strong and weak power that likely reflect an ocean response to wind forcing, presumably 
the North Atlantic Oscillation (NAO). Warmer SSTs and paleo-magnetic proxy data, between 1000 
and 1350 year A.D., overlapping the Medieval Warm Period (MWP), suggest enhanced heat 
transport across the Denmark Strait by the North Icelandic Irminger Current (NIIC) This is in 
contrast with the subsequent period, which includes the Little Ice Age (LIA), showing continuous 
cooling towards the 20th century. Reduced NIIC flow through the Denmark Strait is interpreted to 
result from increased freshwater and sea ice export from the Arctic.

Further Reading:  Sicre et al. (2008). Decadal variability of sea surface temperatures off North 
Iceland over the last 2000 yrs. Earth and Planetary Science Letters 268: 137-142.

Decadal-Scale Climate Variability in the North Atlantic
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The current (Holocene) and past interglacials – 
with climate in general as warm as the present, or 
even up to 2 or 3°C warmer – offer excellent 
targets for warm period studies with high 
temporal and spatial resolution. Specific 
questions that can be addressed within this 
research theme include: 
 
 What is the natural range of climate 

variability during warm periods and what 
are the dynamics that drive this variability?  

 

 How does monsoon extent and intensity 
vary with respect to the ‘mean state’ of 
climate? 

 

 How does high-frequency climate variability 
observed in temperate and high latitudes 
relate to variability in the tropics/monsoon 
regions? 

 

 How does El Niño behave during periods 
warmer than the present? 

 

 How does sea-ice cover vary within and 
between interglacials and are there 
threshold-type steps in sea-ice reduction 
that can be related to albedo feedback 
processes? 

 

 What role do reorganizations in 
intermediate and deep-water ventilation 
processes play in abrupt climate 
adjustments? 

 

 What is the role of global ice-volume/sea-
level variations in both abrupt and longer-
term climate change? 

 

 What is the relationship between high-
latitude warming and global sea-level 
change? 

 

 How important is the rate of climate/ocean 
changes with respect to the impacts on 
biological processes, ecology, and 
biogeochemistry? 

 
Scientific objective 2 
 
To develop a fundamental 
understanding of the processes which 
determine the magnitude and rapidity of 
abrupt ocean/climate change. 

 
In addition to a focus on warm interglacials, 
IMAGES(2) will promote detailed studies of 
cold (glacial) climates, as well as the 
intermittent warm excursions (interstadials) 
that punctuated them, and the glacial 
terminations (deglaciations) and abrupt climate 
anomalies embedded within them. This work 
constitutes a direct and logical extension of the 
high impact contributions made to date by 
IMAGES. IMAGES(2) continues to provide 
pivotal data to the abrupt climate change debate 

The R/V Knorr and its long coring system being deployed. 
Courtesy of  Woods Hole Oceanographic Institution. 
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on a global scale. Continued improvement in the 
understanding of variability in the Earth’s climate 
system across the full spectrum of contrasting 
climates, from full-glacial to stadial/interstadial 
and full-interglacial, provides a critical 
perspective for the full appreciation of climate 
variability and sensitivity. It also allows for an 
evaluation of non-linearity in forcing-response 
patterns and identification of potential thresholds 
with direct implications for future climatic 
developments.  

Areas of research within this theme include, but 
are not limited to, the following: 

 

 Characterization and quantification of the 
full natural range of the magnitude and 
rapidity of climate change during different 
climate states. This includes the spatial 
reconstruction of, and temporal 
relationships between, ocean temperature, 
sea-level change, sea-ice variations, polar 
temperature (from ice cores), atmospheric 

Comparison of paleoceanographic records obtained from IMAGES core MD97-2120 from 
the Chatham Rise near new Zealand with Greenland (A) and Antarctic (E and F) ice core 
records. These records suggest close coupling of mid-southern latitudes with Antarctic 
climate during deglacial and interglacial periods. In contrast, glacial sections display higher 
variability than is seen in Antarctic ice cores, with a structural and temporal similarity more 
akin to the record from Greenland. These observations reveal a degree of interhemispheric
synchroneity in the SW Pacific not predicted from bipolar ice core correlations.

Further Reading:  K. Pahnke et al. (2003). 340,000-Year Centennial-Scale
Marine Record of Southern Hemisphere Climatic Oscillation. Science, 301: 948-952.

Century-Scale Climate Variations in the Southern Hemisphere

Comparison of paleoceanographic records obtained from IMAGES core MD97-2120 from 
the Chatham Rise near new Zealand with Greenland (A) and Antarctic (E and F) ice core 
records. These records suggest close coupling of mid-southern latitudes with Antarctic 
climate during deglacial and interglacial periods. In contrast, glacial sections display higher 
variability than is seen in Antarctic ice cores, with a structural and temporal similarity more 
akin to the record from Greenland. These observations reveal a degree of interhemispheric
synchroneity in the SW Pacific not predicted from bipolar ice core correlations.

Further Reading:  K. Pahnke et al. (2003). 340,000-Year Centennial-Scale
Marine Record of Southern Hemisphere Climatic Oscillation. Science, 301: 948-952.

Century-Scale Climate Variations in the Southern Hemisphere
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CO2 and CH4, and the ocean overturning 
circulation. 

 

 The determination of spatial property 
distributions and dynamic (flow-rate) data for 
the various climatic states and across the 
transitions into and out of states of transient 
perturbation, so as to characterize the role of 
ocean circulation in abrupt climate change. 

 

 The characterization of climate/ocean 
sensitivities within different parts of the 
coupled climate system to a range of climate 
forcing mechanisms (e.g., insolation, 
greenhouse gas concentrations, meltwater 
releases, etc.). 

 

 The characterization of biogeochemical and 
ecological impacts of, and contributions to, 
abrupt climate change.  

 

 The linkage between land and ocean with a 
special focus on the interaction between 
marine warmth and precipitation, continental 
weather systems and the hydrologic cycle. 

 

 The role of gateway circulation and the 
interbasin transport of heat and salt and their 
role in buoyancy forcing of the ocean’s 
meridional overturning circulation. 

 

 Ocean acidification in relation to global 
carbon cycle variability. 

 

 The interhemispheric coupling of climate 
variability under contrasting climatic states. 

 

 The impact of dust flux on climate states and 
on biogeochemical cycles offshore major dust 
supply areas. 

 

 The impact of millennial-scale sea level 
changes on slope stability and the transport of  
organic and terrigenous materials to the deep 
sea. 

 The role of intermediate water masses in 
switches between deep circulation states. 

 
Scientific objective 3 

 
To improve and extend the calibration, 
empirical and mechanistic, of proven 
and new paleo-proxies against processes 
and property distributions in the 
modern ocean/climate system. 

 
For this aspect of its activities, IMAGES(2) 
intends to strengthen its interaction and 
integration with other empirical programs and 
also with the modeling community. 
Complementing other calibration initiatives that 
are either theoretical (modeling) or focused on 
modern property distributions (e.g., 
GEOTRACES), IMAGES(2) encourages the 
development and refinement of promising 
tracers into proxies by way of making high-
quality sediment records available for the 
process of proxy application and verification, 
including proxy burial and post-depositional 
proxy stability.  

 
In support of calibration efforts, IMAGES(2) 
places an emphasis on box- and multi-coring 
studies, recovering proxy data from the most 
recently deposited sediment at the sediment-
water interface to well below the redox level. 
This helps to reveal how reliably core-top proxy 
data reflect the modern oceanic conditions, 
and/or what complicating processes of 
alteration in the sediment need to be taken into 
account in studies that use downcore proxy data 
to reconstruct past water-column changes. Such 
work has traditionally not been undertaken 
within a directed, focused approach, in contrast 
to water-column property studies that adhere to 
strict data collection protocols (e.g., WOCE, 
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GEOSECS, GEOTRACES). As a 
result, there is no coherent 
community-based view of processes 
that affect sediment proxy data and 
their calibration to the original water-
column properties. 

 
Using its new multi-platform 
approach and strengthened links to 
other programs, IMAGES(2) is well-
placed to comprehensively address 
this weakness by promoting and 
implementing coordinated exercises 
directed towards proxy development 
and formation using strict and agreed 
upon protocols. This includes 
systematic tests involving the 
application of multiple proxies at 
locations that experience measurable 
modern changes in hydrography or 
ambient water chemistry, such as 
deep water mass boundaries (e.g., 
NADW/AABW; outflow waters 
from marginal seas) for testing new 
benthic proxies, or surface 
hydrographic fronts for evaluating 
new planktonic proxies. Proxy 
development also needs to be 
directed towards quantification of key 
ocean parameters not currently 
within reach of existing proxies or 
where calibrations are qualitative at 
best or fraught with assumptions. 
Examples of such parameters include 
salinity or those related to the ocean’s 
carbonate chemistry, critical to 
efforts to study past natural changes 
in ocean acidification. 

 
 
 
 
 

The IMAGES contribution on marine 14C reservoir ages 
provides unique insights into the fate of surface and deep 
paleowater masses associated with changes in meridional 
overturning circulation (MOC). Paleowater mass reservoir 
ages are determined at 23 – 13ka using a new 14C plateau-
tuning technique, where boundary ages of a suite of seven 
large atmospheric 14C plateaus are deduced from published 
reference records and provide 14 quantitative calendar age 
estimates for global marine records. Ages of North Pacific 
deep waters decreased from ~3800 to 1300 yr after 17.5 ka, 
those of subarctic surface waters to 300 yr (vs. >850 yr 
today), reflecting a brief phase of North Pacific deep-water 
formation. By contrast, Icelandic Sea intermediate-water ages 
increased during H1 from 440 to >2000 yr, reflecting a brief 
northward reversal of Denmark Strait Overflow waters. Two 
major 14C plateaus during late H1 and the early Bølling 
interstadial match precisely the coeval two-step early 
deglacial rise in atmospheric pCO2 from 190 to 240 ppmv and 
appear to reflect ocean CO2 exhalations that result from MOC 
changes including deep-ocean flushing. Similar insights may 
be expected from further studies needed for the Younger 
Dryas to Holocene. 

Further Reading: Sarnthein et al. (2007). 14C reservoir ages 
show deglacial changes in ocean currents and carbon cycle. 
AGU Geophys. Monogr. Series 173:175-196.

Deglacial Changes in 14C Reservoir Ages

The IMAGES contribution on marine 14C reservoir ages 
provides unique insights into the fate of surface and deep 
paleowater masses associated with changes in meridional 
overturning circulation (MOC). Paleowater mass reservoir 
ages are determined at 23 – 13ka using a new 14C plateau-
tuning technique, where boundary ages of a suite of seven 
large atmospheric 14C plateaus are deduced from published 
reference records and provide 14 quantitative calendar age 
estimates for global marine records. Ages of North Pacific 
deep waters decreased from ~3800 to 1300 yr after 17.5 ka, 
those of subarctic surface waters to 300 yr (vs. >850 yr 
today), reflecting a brief phase of North Pacific deep-water 
formation. By contrast, Icelandic Sea intermediate-water ages 
increased during H1 from 440 to >2000 yr, reflecting a brief 
northward reversal of Denmark Strait Overflow waters. Two 
major 14C plateaus during late H1 and the early Bølling 
interstadial match precisely the coeval two-step early 
deglacial rise in atmospheric pCO2 from 190 to 240 ppmv and 
appear to reflect ocean CO2 exhalations that result from MOC 
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Deglacial Changes in 14C Reservoir Ages
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IMAGES(2) Strategy 
 
IMAGES was originally conceived as a 
community-driven, global program to collect and 
study marine sediment records to address 
fundamental questions regarding the ocean’s role 
in climate change. To obtain the necessary 
temporal resolution (century to millennial-scale) 
for IMAGES objectives, sampling of regions 
where sedimentation rates are high was a 
necessity. This, combined with the requirement 
for spatial arrays and records of hundreds of 
thousands of years in length, meant that the 
collection of numerous long, undisturbed large 
volume sediment cores was a key prerequisite for 
most IMAGES research. The mainstay of the 
previous IMAGES program was the French RV 
Marion Dufresne, with its unique at the time ability 
to collect large numbers of wide-diameter (11-
cm) CALYPSO cores of up to 60+ meters in 
length, as well as large volume Giant CASQ cores 
(20-m; 50x50 cm). The more than 700 coring 
operations mounted by the RV Marion Dufresne as 
part of IMAGES field programs is testimony to 
the great success of the past decade and a half of 
effort.  
 
The Marion Dufresne’s CALYPSO system remains 
an important sample retrieval workhorse for 
IMAGES(2) research. However, the recent 
development of other global long coring 
facilities, notably the US and Norwegian Long 
Core systems, the German MeBo Corer, the UK 
Large Piston Core, and various national Kasten 
coring systems, provide valuable and welcome 
additional platforms with which to pursue 
marine-based IMAGES research. Hence, the 
present transition to a platform-independent 
IMAGES(2) phase is a logical and natural step in 
the evolution of the community’s approach to 
science-driven interdisciplinary 
paleoceanographic and paleoclimatic studies. It is 

anticipated that IMAGES(2) researchers will 
utilize the most appropriate available coring 
platform for the specific targets defined by 
the scientific questions.  

 
IMAGES(2) will continue to stimulate 
coordinated collaborative initiatives aimed at 
establishing joint multiproxy analyses of 
sedimentary records by consortia of 
investigators with expertise across the range of 
chemical, physical, biological and earth 
sciences. The need for a multi-disciplinary 
approach is reflected in the diversity of 
expertise present in working groups that are 
tasked with identifying and coordinating new 
scientific initiatives. IMAGES(2) investigators 
make use of the program’s traditional fast 
planning cycle to respond efficiently and 
effectively to new scientific challenges within its 
overall mission. Such challenges may come from 
increased interaction with the contemporary 
oceanographic community (including 
modelers), who can identify strategic key 
regions where high-quality paleo-data would be 
especially conclusive. This trend towards 
integrated target definition is prominent at the 
national level already, and IMAGES(2) provides 
the ideal platform for international partnerships 
to form through its multi-disciplinary working 
groups and workshops.  

 
A number of IMAGES(2) task forces and 
workshops are devoted to determining the 
“state of the art” and to providing large-scale 
syntheses, concluding with reports and 
authoritative overview publications. The 
majority continue to focus on science questions 
and the definition of specific new coring targets. 
The eventual products of these activities are 
cruise proposals submitted by teams of 
investigators as appropriate to either their own 
national funding agencies or to established  
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international programs providing access to coring 
infrastructure (e.g. the mission specific platform 
component of IODP). Neither the required 
coring programs nor the subsequent associated 
analyses can typically be successfully 
underwritten by a single nation. In order to 
achieve major expedition objectives in an 
international program, a well-organized 
coordination structure is essential. IMAGES(2) 
offers a well tested structure for the coordination 
of, and access to, these expeditions, with long-
range planning that facilitates and promotes 
international collaboration in staging field 
operations as well as the immediately ensuing 
science.  

 
The heart of IMAGES has always been the 
working groups. Organized around a scientific 
question or theme, working groups allow 
scientists from around the world to focus their 
questions and ideas, develop a plan, marshal the 
needed resources, and work together towards 
success. Working groups are extremely flexible 
and typically have a finite life. Anyone can 
propose a potential working group or workshop 
topic via their national representatives. Such 
proposals will be initially assessed for their fit to 
the overall IMAGES objectives by the IMAGES 
Council. Suitable proposals will then be 
submitted to the Science Committee for 
evaluation based on scientific excellence and 
whether or not the objectives would benefit from 
international coordination. The Science 
Committee’s reviews and recommendations are 
then passed back to the IMAGES Council for 
approval and implementation. 
 
It is expected that many IMAGES(2) field 
programs will continue to utilize the 
“conventional” IMAGES techniques for high-
volume coring with long piston or Kasten corers, 
enlisting the most appropriate facilities available  

within the various nations involved (where this 
may include fixed shallow-water drilling 
platforms) or through collaboration with 
international programs providing access to 
coring infrastructure (e.g. the mission specific 
platform component of IODP) . The new 
multi-platform and science-led nature of 
IMAGES(2) opens exciting new avenues of 
research that will no longer be constrained to a 
certain coring approach or platform. For 
example, there may develop prominent 
IMAGES(2) contributions, such as proxy 
calibration studies, that rely only (or largely) on 
box- and multi-coring.  

 
Finally, and most importantly, all aspects of 
IMAGES(2) research continue to take place 
within the traditional spirit of the program’s 
historically inclusive, international, and 
integrated (multi-disciplinary) philosophy.  

 
 

 
 
 

The R/V Marion Dufresne launches its giant CALYPSO 
coring system. Routine recovery of 50-60 m long piston 

cores is possible. Courtesy of  X. Crosta. 
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IMAGES(2) Organization and 
Coordination  
 
In keeping with the previous organizational 
model, IMAGES(2) is built as an international 
association of national "partners". Individual 
IMAGES(2) partners commit to a multi-year, 
national effort within the framework of IMAGES
(2) program activities and act on behalf of their 
national community. When and where such a 
national representation is not possible, partners 
acting on behalf of multi- or single-institutions 
and/or multiyear scientific programs may be 
proposed in lieu of national memberships.  
 
IMAGES(2) membership implies a commitment 
to IMAGES(2) goals and activities, as well as to 
raising the annual fee that constitutes the major 
portion of the IMAGES(2) budget. The annual 
fee for full membership is currently $10,000 US 
and will be reviewed on a biannual basis by 
ExCom.  
 
Partners may not be refused membership on the 
grounds that they are unable to contribute their 
annual fee if these countries belong to SCOR or 
IGBP. Any smaller contribution is acceptable in 
such a case but this should stay the exception, 
more or less limited to developing countries, or 
as a one year transition for countries in the 
process of joining with a full share. Funding for 
the IMAGES(2) program implies funding for all 
IMAGES(2) activities, including organization and 
management, support of working groups and 
workshops, data and information handling, and 
preparation of reports. 
 
Research within the framework of IMAGES(2) 
operates on the principle that samples and data 
must be made available to the international 
community. Acceptance of this principle is a 
requirement for participation in IMAGES(2) and  

for formal endorsement of any research 
proposal/program. Memoranda of 
understanding provide the details of these 
membership criteria and facilitate 
implementation of IMAGES(2) policies as 
agreed to by all parties involved. 

 
IMAGES Council 

 

The overall responsibility for promoting, 
managing and implementing IMAGES(2) 
operations and policies rests with the IMAGES 
Council. Each IMAGES(2) partner is entitled to 
one representative on the IMAGES Council. 
The total number of Council members is 
therefore equal to the number of national 
partners. To nominate a representative to the 
Council, a partner shall provide to the IMAGES 
Office written documentation that includes: 1) 
the name of the nominee; 2) his or her scientific 
qualifications as summarized in their curriculum 
vita; and 3) evidence that the nominee 
adequately represents the scientific interests 
within their nation, for example by 
endorsement of the nation's SCOR and/or 
IGBP committee or a relevant national scientific  

Large volume cores like this giant CASQ core (20-m; 
50x50 cm) being disassembled provide abundant sedi-

ment for high-resolution multi-proxy analyses. Courtesy 
of  I. Hall. 
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committee. All national partners participate on 
the Council with equal rights in all activities of 
the program. The IMAGES Council will meet in 
conjunction with the Executive Committee at 
least once a year. 
 
Executive Committee 
 

The IMAGES Council elects a Chair and up to 
five members that form the Executive 
Committee (ExCom). The Executive Committee 
is responsible for steering IMAGES(2) activities 
according to the recommendations of the 
Scientific Committee and IMAGES Council. The 
IMAGES Council also approves the appointment 
of an Executive Director and hosting of the  

 
 
 

IMAGES Program Office. The Executive 
Director is an ex-officio member of ExCom. 
The duration of the elected ExCom 
membership is three years, with the potential 
for an additional two years.  
 
In addition to managing the program and 
implementing recommendations of the Science 
Committee and Council, the Executive 
Committee promotes IMAGES(2) research, 
goals and methods through SCOR and IGBP and 
fosters interactions with the larger paleoclimate 
communities that exist within the broader 
framework of PAGES research, as well as with 
global scientific drilling programs such as IODP 
and ICDP. 

20132013--20232023  

IMAGES(2) organizational structure.  
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The ExCom can initiate workshops or standing 
groups for examination of specific issues relevant 
to the IMAGES(2) science plan and/or for 
furthering scientific objectives that could benefit 
from an enhanced international coordination. The 
ExCom encourages and promotes the use of 
models for data assimilation and interpretation, 
the efficient sharing of analytical facilities, and the 
intercalibration of analytical techniques necessary 
to achieve IMAGE(2) objectives.  
 
Scientific Committee 
 

The Scientific Committee (SciCom) is an 
independent panel consisting of up to six external 
experts and the ExCom Chair, with “external” 
defined as not having concurrent membership on 
the IMAGES Council. The primary function of 
the IMAGES(2) SciCom is to evaluate, nurture 
and prioritize community proposals and make 
recommendations to ExCom for support of 
Working Groups. The Science Committee is also 
responsible for the final assessment of all 
activities as meeting the scientific excellence 
requirements for IMAGES “branded” research. 
SciCom further develops the guidelines and 
requirements that proposed projects must meet 
in order to gain formal IMAGES(2) endorsement. 
It is expected that much of the business of 
SciCom can be conducted through virtual means. 

 
The Working Group 
 

The working group is the main entity for 
IMAGES(2) science activity. The terms of 
reference for each working group remain flexible 
and can include, for example, data synthesis, 
development of cruise proposals or other 
thematic activities. SciCom will scientifically 
evaluate these and ExCom will approve the 
appropriate support. Working groups will report 
annually to the IMAGES Council and have a 
typical lifetime of 1-3 years.   

IMAGES(2) Program Office 
 

The Program Office is tasked with coordination 
of all routine IMAGES(2) activities in addition 
to the various initiatives put into its hands by 
the IMAGES ExCom. The Office is responsible 
for the management of the IMAGES(2) budget 
and for the annual billing of the national 
partners, and for information flow between 
IMAGES(2) and our global community through 
the preparation of reports and newsletters. The 
Program Office ensures  that IMAGES(2) has an 
effective presence on the World Wide Web. 

 
The IMAGES(2) Program Office also assists in: 

 

 the organization of the annual meeting of 
the IMAGES(2) Council and 
Committees; 

 the support of the working groups 
mandated by IMAGES(2); 

 the support of workshops and 
conferences mandated by IMAGES(2); 
and 

 the coordination of tasks identified by 
ExCom such as the publishing of reports, 
data base management, cruise support 
and dissemination/outreach activities. 

 
The IMAGES Program Office, and hence the 
Executive Director, will ideally rotate every 
four years although the office may be retained 
in a single location if no other suitable bids are 
made. It is expected that the Program Office 
will be closely associated with a major center of 
marine paleoclimatic and paleoceanographic 
research. 
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Photo courtesy of  L. Peterson 

July 2012 

IMAGES(2) Program Office 
Christian Albrechts University of Kiel, CAU 

Institute of Geosciences 
Ludewig-Meyn-Str. 10 
24118 Kiel, Germany 

Executive Director: Professor Ralph Schneider 
 

EXCOM Chair: Professor Larry C. Peterson 
Rosenstiel School of Marine and Atmospheric Science 

University of Miami 
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