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Abstract

INTegration of Ice-core, MArine and TErrestrial records (INTIMATE) is a core project of the INQUA Palaeoclimate Commission,

the primary goal of which is to synchronise records of the Last Glacial–Interglacial Transition (LGIT). Through a series of international

workshops, INTIMATE has encouraged direct collaboration between scientists with interests and expertise in a wide range of

palaeoenvironmental approaches. The workshops have focused on the dissemination of good practice in the dating, correlation and

synthesis of diverse palaeoenvironmental records that span the LGIT. This special issue of Quaternary Science Reviews presents some of

the outcomes of the 8th INTIMATE International Workshop held in Iceland in September 2005, and focuses on four themes considered

vital to INTIMATE’s long-term strategy. (1) An event stratigraphy approach, which uses the Greenland oxygen isotope record as a

stratotype sequence, lies at the core of INTIMATE’s operations. A revised event stratigraphy scheme for application to North Atlantic

LGIT records is presented, which is based on the new GICC05 Greenland ice-core chronology. (2) New tree-ring data from Switzerland

and the application of Bayesian-based procedures in the analysis of comprehensive radiocarbon data sets provide much potential for

reducing the uncertainties in radiocarbon-based age models. (3) Three of the contributions present new evidence that helps to refine the

tephrostratigraphy of the LGIT in the NE Atlantic and New Zealand regions. (4) Establishing the precise order and synchroneity of

events during the LGIT is vital to understand the causes and effects of abrupt climate change. Data are presented from the Baltic region

and Alaska, which vary in degree of compatibility with North Atlantic records. Two final papers consider the roles of

Dansgaard–Oeschger events on thermokarst during the Middle Weichselian and of solar activity variations during the mid-Holocene;

both illustrate how the INTIMATE event stratigraphy approach can apply to the study of other time intervals.

r 2007 Elsevier Ltd. All rights reserved.
1. INTIMATE: a core project of the INQUA Palaeoclimate

Commission

INTegration of Ice-core, MArine and TErrestrial
records (INTIMATE) is a core project of the INQUA
Palaeoclimate Commission, which was initiated during the
XIVth INQUA Congress held in Berlin in 1995. The
project’s primary goal is to synthesise marine, terrestrial
and ice-core evidence for the Last Glacial–Interglacial
e front matter r 2007 Elsevier Ltd. All rights reserved.
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Transition (LGIT), initially defined as the period between
ca 15 and 10 ka cal BP (but see below). The overall aim is to
clarify the sequence, timing, nature and causes of abrupt
environmental events during the LGIT. More information
on the INTIMATE project, its activities and its outcomes
can be found at http://www.geo.uu.nl/fg/INTIMATE.
To achieve its objectives, INTIMATE has organised a

series of international workshops which have encouraged
direct collaboration between the ice-core, marine and
terrestrial scientific communities for the purpose of
synchronising palaeoenvironmental records which span
the LGIT (see e.g. Björck et al., 2001a). Precise correlation
of the records has proved a difficult challenge, however,
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largely because of the limited precision and accuracy
routinely achievable using available dating and correlation
methods (Balter, 2006; Turney et al., 2006a). Hence the
INTIMATE international meetings have tended to focus
on issues of chronology and correlation and the develop-
ment of procedures that can generate more secure age
models for LGIT records. A key strategy to emerge from
the meetings has been the adoption of an event strati-
graphy approach for the correlation of LGIT records, the
basis and strategic importance of which are outlined in
Björck et al. (1998), Walker et al. (1999) and Lowe et al.
(2001).

This special issue of Quaternary Science Reviews contains
a selection of the papers presented at the 8th INTIMATE
International Workshop, held in Mýrdalur, Iceland in
September 2005. The meeting was organised by Jón
Eirı́ksson, Arny Sveinbjornsdottir, Olafur Ingolfsson and
Sigfus Johnsen and attended by 28 INTIMATE project
members from eight different countries (see Lowe, J.J.
et al., 2008, Appendix 1) including representatives from the
ice-core, marine, terrestrial, tephrochronology, radiocar-
bon, tree-ring and climate modelling scientific commu-
nities. In line with previous INTIMATE international
meetings, the dominant theme of the Iceland meeting was
high-precision chronology, including assessments of
Greenland ice-core records, dendrochronological data sets,
age–depth modelling of sedimentary sequences, the dis-
tribution and origins of volcanic ash layers within
sedimentary sequences and a revision of the INTIMATE
event stratigraphy scheme. In essence, the meeting pro-
vided an opportunity for the INTIMATE group to review
dating and correlation protocols in the light of recent,
important methodological developments.

A radical change for INTIMATE introduced at
the Iceland meeting was a considerable extension of the
project’s period of study. Prior to that meeting, the
INTIMATE project had focused mainly on developments
during the LGIT in the North Atlantic region while
confining its deliberations to the interval between 15 and
10 ka cal BP. A new Australasian INTIMATE group,
inaugurated during the XVIth INQUA Congress held in
Reno, Nevada in 2003, adopted the event stratigraphy
approach introduced by the North Atlantic INTIMATE
group but developed a regional scheme with application to
the interval between 30 and 8 ka (Turney et al., 2006b;
Alloway et al., 2007). This was considered necessary
because significant climatic warming appears to have
occurred considerably earlier (at around 28 ka) in some
parts of the Southern Hemisphere than in the North
Atlantic region. This extended interval also includes the
early Holocene climatic perturbations, such as the Pre-
boreal Oscillation and 8.2 ka event, which are increasingly
becoming the focus of considerable scientific study (e.g.
Björck et al., 2001b; Rohling and Pälike, 2005; Davis and
Stevenson, 2007; Hoek and Bos, 2007). Since the ultimate
goal of the INTIMATE project is to synchronise LGIT
events at the global scale, the North Atlantic INTIMATE
group has accordingly extended its focus of attention to
cover this same interval. Consequently, a new event
stratigraphy scheme has been developed for the North
Atlantic region (see Lowe, J.J. et al., 2008).

2. Refining the record of the LGIT in the North Atlantic

region

The papers presented in this special issue collectively
address four key themes. These have dominated INTI-
MATE’s scientific agenda because they are considered vital
to the project’s long-term strategy for synthesising records
with greater precision and accuracy.

2.1. The new GICC05 timescale and INTIMATE event

stratigraphy scheme

The recovery of the NGRIP ice-core and the publication
of the new Greenland Ice Core Chronology (Rasmussen
et al., 2006; Andersen et al., 2007; Svensson et al., 2007)
have opened up the potential for refinement and extension
of the INTIMATE Event Stratigraphy scheme of Björck et
al. (1998) and Walker et al. (1999). Lowe, J.J. et al. (2008)
report on the construction and definition of a new GICC05
chronology for the last 30 ka and on revised (GICC05) age
boundaries for the isotopically defined climatic events that
span the interval 30–8 ka. The results provide the North
Atlantic INTIMATE group with a new and extended
Greenland stratotype sequence to underpin the event
stratigraphy scheme for the North Atlantic region. Lowe,
J.J. et al. (2008) also outline other recent developments that
may lead to improved synchronisation of LGIT records,
such as improved protocols for reducing the uncertainties
in radiocarbon-based age models and the widening
potential for the use of volcanic ash marker beds for
correlation purposes.
Rasmussen et al. (2008) report on correlations between

the NGRIP, GRIP and GISP2 ice-core records, and on
procedures for synchronising the records to produce the
new GICC05 timescale. They present matching data for the
period ca 32.45–14.9GICC05 ka b2k (before 2000 AD),
corresponding to the end of MIS-3 and MIS-2, which
reveal differences in snow accumulation rates between the
three Greenland core sites during selected intervals. They
conclude that the differences reflect variations in atmo-
spheric circulation patterns over Greenland, which in turn
altered the precipitation gradients between the core sites.
The paper illustrates the increasingly sophisticated analy-
tical procedures that can now be brought to bear on the
Greenland ice-core records, and the increasingly detailed
palaeoenvironmental interpretations that can be attempted
as a result.

2.2. Refining age models based on radiocarbon dating

Extension of tree-ring records beyond ca 12.4 ka is vital
for reducing the age errors in radiocarbon-based age
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models derived for sequences that fall within the period of
interest to INTIMATE. Schaub et al. (2008) show how
fossil pine remains from sites in Switzerland provide the
potential for extending the continuous tree-chronology
back into the Allerød (GI-1c to 1a) period. The data they
present also contain important palaeoclimatic implications,
for they indicate consistency in the timing and duration
of short-term events, such as the Gerzensee Oscillation
(GI-1b) and the abrupt climate shift at the start of the
Younger Dryas (GS-1), inferred from the Swiss tree-ring,
NGRIP ice-layer thickness and Cariaco Basin varve
records.

While the new INTCAL04 calibration data set (Reimer
et al., 2004) provides a more secure basis for radiocarbon
calibration back to ca 26 ka than its precursor, INTCAL98,
nevertheless the calibration uncertainties remain rather
large for the interval beyond the limit of dendro-based
calibration (12.4 ka). Significant improvement in this
position must await incremental refinement of the
INTCAL calibration data set, such as may be achieved
by the successful extension of dendro records. On the other
hand, considerable progress is being made in the genera-
tion of sophisticated statistical procedures for testing the
coherency of radiocarbon-based age models and for
matching the results to calibration data sets. Bronk
Ramsey (2008) explains how Bayesian-based procedures
facilitate these procedures and outlines a series of routines
that can be implemented through the freely available
OxCal software to build comprehensive age–depth models
for a variety of depositional contexts. These enable the
age–depth plots to be assessed in the light of different
assumptions concerning the mode and rate of sedimenta-
tion. The routines offer the potential to integrate informa-
tion between different site records and to test for coherency
in chronological and correlation assumptions.

The application of Bayesian-based age models is tested
by Blockley et al. (2008) on an annually laminated
sediment record from Lake Soppensee in Switzerland. By
sequentially introducing a series of stratigraphical con-
straints during the construction of the age models, Blockley
et al. were able to test for degree of coherency and optimal
probability distributions in the results. This contribution
and that of Bronk Ramsey (2008) together illustrate the
increasing versatility and sophistication of the statistical
tools that are becoming available for the analysis and
comparison of comprehensive radiocarbon data sets.

2.3. Enhancing the tephrostratigraphy of the LGIT

The use of volcanic ash layers for the correlation of
LGIT records has played an increasingly influential role
within the North Atlantic INTIMATE project in the wake
of discoveries that they are more numerous and more
widely dispersed in the region than previously appreciated
(Davies et al., 2002, 2005; Turney et al., 2004). However, a
note of caution is advised by Pyne-O’Donnell et al. (2008),
since the employment of volcanic ash layers for this
purpose requires that individual ash layers are geochemi-
cally distinct. Pyne-O’Donnell et al. present results, which
show that several stratigraphically discordant tephra layers
of Icelandic origin have virtually identical geochemical
signals when analysed using conventional methods. Unless
more exacting geochemical discriminant methods are
employed, therefore, miscorrelations are eminently possible.
Koren et al. (2008) describe a new volcanic ash layer,

discovered in a sequence from Norway, which they have
named the Dimna Ash. It has a very similar chemistry to
the Vedde Ash, which occurs higher in the same sequence
and is dated to the middle of Greenland isotopic event
GS-1 (the Younger Dryas). The Dimna Ash is clearly
stratigraphically much older, having been dated by Koren
et al. to before 12.8 14C kaBP or 15.1 ka cal. BP, placing it
within isotope event GS-2. Very few tephra layers have
been attributed to GS-2 thus far, and hence the Dimna Ash
may represent an important new marker horizon for the
correlation of LGIT sequences in the North Atlantic
region.
New Zealand has been volcanically very active during

the last 30,000 years, and a number of facets of the study of
tephrochronology have been pioneered in New Zealand
(Alloway et al., 2006). In the paper by Lowe, D.J. et al.
(2008), 22 discrete tephra layers identified from records
spanning the last 30 ka are examined for their potential for
precise correlation between records and hence for under-
pinning the event stratigraphy scheme for the New Zealand
region. The individual tephra layers can be dated by a
variety of methods and some can be identified in laminated
sediment sequences. There is evident potential for refining
the age estimates of a number of the tephras, and hence for
the more precise correlation of sequences of Last Termina-
tion age in the New Zealand region.

2.4. Inter-regional comparison of abrupt climatic events and

their effects

Stanèikaite’ et al. (2008) have reconstructed Late
Weichselian (Late Wisconsinan/Late Devensian) terrestrial
and aquatic environmental changes in Lithuania and argue
that the key climatic events in that region can be correlated
precisely with equivalent events in the North Atlantic
region. This suggests that North Atlantic climatic signals
extended quite far into the European continent during the
Last Termination. By contrast, Yu et al. (2008) suggest, on
the basis of a multi-proxy study of a sediment sequence
from a site in Alaska, that an early Holocene climate
oscillation possibly had a much greater magnitude in the
North Pacific region than did the GS-1 (Younger Dryas)
climatic perturbation. This suggests the possibility of a
clear discordance in the sequence and/or amplitude of
climatic events between the North Pacific and North
Atlantic regions during the Last Termination. The possibi-
lity of such inter-regional differences underlines the need
for an objective approach to the inter-regional correlation
of records, an approach which avoids assumptions of
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contemporaneity of climatic transitions (see Lowe J.J. et al.,
2008).

The potential value of applying the INTIMATE event
stratigraphy approach to the study of other time intervals
is underlined by the contributions by Bohncke et al. (2008)
and Plunkett and Swindles (2008) in their respective studies
of Middle Weichselian and late Holocene sequences.
Bohncke et al. (2008) assess the possible role of Dansgaard–
Oeschger cycles on permafrost degradation in the eastern
part of Germany during the early Middle Weichselian.
Chironomid and palaeobotanical data provide evidence for
a rapid warming event that, although of short duration,
appears nevertheless to have been of sufficient magnitude
to form thermokarst lakes within permafrost. Plunkett and
Swindles (2008) examine the influence of solar activity on
Holocene bog development in Ireland and find evidence for
spatial gradients in the timing of climate events triggered
by solar forcing at the Subboreal–Subatlantic transition.
Their final conclusion neatly epitomises the aspirations of
the INQUA-INTIMATE project: ‘Only by obtaining
palaeoclimate records with high chronological precision
can researchers expect to identify subtle spatial and
temporal patterns that may lead to a better understanding
of the mechanisms that alter climate’.
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Stanèikaite’ , M., Sinkunas, P., Seiriene, V., Kisieleine, D., 2008. Patterns

and chronology of the lateglacial environmental development at

Pamerkiai and Kasuciai, Lithuania. Quaternary Science Reviews 27,

this issue, doi:10.1016/j.quascirev.2007.01.014.

Svensson, A., Andersen, K.K., Bigler, M., Clausen, H.B., Dahl-Jensen,

D., Davies, S.M., Johnsen, S.J., Muscheler, R., Rasmussen, S.O.,
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