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Introduction

Recent articles by Turney et al. (2006) and
Balter (2006) publicized the current state
of radiocarbon calibration beyond 20 kyr
BP. They stress the need for new calibration
studies, which are critical for developing
late Pleistocene chronologies for paleo-
climate and archeological research. Peat
bogs in Northland, New Zealand contain
large numbers of sub-fossil kauri (Agathis
australis) logs in discontinuous sequences
ranging in age from a few hundred years
to more than 60 kyr BP. The buried trees are
well preserved, often with their bark still at-
tached and one has been found to contain
more than 2000 rings. This article summa-
rizes some current research being under-
taken on the Northland sub-fossil Oxygen
Isotope Stage (OIS)-3 (25 - 60 kyr BP) kauri
resource by a team from New Zealand, Aus-
tralia and the UK.

Sampling

OIS-3 “ancient kauri” logs are found in bogs
scattered over a 300 km stretch of northern
New Zealand, from about 34°50’ to 36°20'S
(Palmer et al., 2006). Kauri is a highly valued
timber species but past over-exploitation
of living stands now means supplies are
limited. The remarkable preservation state
of the buried kauri and its inherent value
has meant the wood is being harvested
for commercial purposes. Our practice has
been to take advantage of this and work
alongside milling companies who use large
earth moving machinery to mine the buried
logs.

As the logs are extracted, we cut
cross-sections from the base of the bole
but above the root plate to avoid tree-ring
distortion because of buttressing and flar-
ing. Tree-ring samples are prepared and
analyzed following well-documented den-
drochronological techniques for ring-width
measurement and cross-dating.

Dendrochronological analysis

Thus far, we have collected 167 cross-sec-
tions from 16 different pre-Holocene bog
sites and 145 have been measured (Palmer
et al., 2006). Several discontinuous floating
chronologies have now been developed
which in total span more than 10,000 years.
The preliminary cross-dating has shown
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Figure 1:“C activities (F14C%) for nine consecutive 100-ring blocks extracted from Vinac Farm, tree 6, by both LSC

and AMS (data from Hogg et al, accepted).

that it is possible to cross-match between
different trees from different locations (i.e.
inter-site cross-matching). Furthermore, the
spread in the radiocarbon ages obtained
from within and between sites indicates
that preservation did not take place during
only one specific period of time. A possibil-
ity therefore exists for the development of
long continuous sections of chronology
within OIS-3.

Radiocarbon dating
As with many paleoecological studies, ra-
diocarbon dating has been critical to under-
standing the relative time periods covered
by the different tree-ring series. Integral to
radiocarbon dating OIS-3 wood is the need
to achieve reproducible, low-activity radio-
carbon blanks and a robust, transparent
methodology for assigning standard errors
to “C ages that are close to the limit of the
method. Although finite radiocarbon ages
on organic carbon samples beyond 50 kyr
BP are becoming more common in the lit-
erature, few attempts have been made to
demonstrate their accuracy or precision.
We have established a robust methodol-
ogy, permitting accurate and reproducible
“C dates in the 50-60 kyr BP age range,
by both high-sensitivity liquid scintillation
counting (LSC) and accelerator mass spec-
trometry (AMS) methods (Hogg et al., sub-
mitted; Hogg et al., accepted; Turney et al.,,
accepted).

The reproducibility of these methods
can be seen in Figure 1. The graph shows
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“C activities for 9 consecutive 100-ring
blocks of wood extracted from a sub-fossil
kauri log (mean age of ca. 61 kyr BP) close
to background age.

Of the 16 sub-fossil (pre-Holocene)
kauri sites, 7 have returned finite radiocar-
bon ages from the a-cellulose wood frac-
tion spanning the full range of OIS-3 (Fig. 2).
Ages of 24.9 kyr BP, 27.8 kyr BP (Finlayson
Farm) and 28.5 kyr BP (Omaha Flats) indi-
cate that stands of kauri are preserved at the
end of OIS-3 and the transition into OIS-2.In
contrast, material obtained from sites such
as Trig Rd (62.2 kyr) demonstrates that trees
are available towards the limits of radiocar-
bon dating and towards the transition into
0OIS-4. In between these extreme dates, we
have identified trees that fall throughout
OIS-3, suggesting that climatic and envi-
ronmental conditions were suitable for pre-
serving material during this time period.

Conclusions

The determination of a reliable, calibrated
timescale encompassing the full range of
the radiocarbon dating method is crucial if
we are to understand fully the mechanisms
of climatic, archeological and environmen-
tal change through the last glacial period.
Unfortunately, however, there is no inter-
nationally accepted radiocarbon calibra-
tion curve beyond 26 kyr BP, largely due to
inherent problems with the materials used.
Ideally, dendrochronologically dated sub-
fossil trees can provide annually resolved
samples on an absolute timescale, with the
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Figure 2: Chronologies and distribution of finite a-cellulose "“C ages obtained on sub-fossil Agathis australis (Northland, New Zealand) — modified from Turney et al,,

accepted).

additional assurance that their carbon con-
tent is truly representative of atmospheric
CO, at the time of growth. The principal
sources of uncertainty that have plagued
other attempts at calibration in this time
range are thereby avoided. We have shown
the considerable potential of New Zealand
kauri (Agathis australis) for developing long
floating sections of calibration curve in the
time period 26-60 kyr BP and the LSC and
AMS techniques that are required to ob-
tain precise and reproducible ages at these
older time periods. It must be remembered

that IntCal04 teams took approx. 30 years to
build 26,000 years of chronology. Although
significant progress has been made with
the kauri, a considerable investment in both
time and resources will be necessary if this
enormous task is to be completed.
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Marine reservoir corrections and the calibration curve
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The surface ocean carbon reservoir is
variable both spatially and temporally,
causing calibration of radiocarbon dates
of organisms that have taken up marine
carbon to be fraught with uncertainty. The
paucity of reservoir age data that existed
in 1993 on the publication of the seminal
paper on the technique (Stuiver and Bra-
ziunas, 1993) has been alleviated to some
extent. The largest archive of published
AR data, which is located at http://calib.
org/marine, now contains more than 800
entries (Fig. 1). However, these data are of
varying usefulness in determining the ap-
parent age of the ocean water where they
were collected. The following paragraphs
will outline the considerations to make in
combining, or averaging, available data to
form a AR estimate for a particular locality,
focusing initially on Holocene samples for
which modern day AR are likely to be valid.
Recommendations for the improvement
of data quality will be made, followed by
a discussion of how time variability should
be incorporated in AR values.

AR is calculated by obtaining inde-
pendent calendar and radiocarbon ages

Figure 1: Locations of AR values in the Marine Reservoir Correction Database; http.//calib.org/marine.

for an organism that has sampled marine
carbon. The most straightforward method
to obtain the calendar age is to ascertain
the year of death of the organism from his-
torical records. It may also be obtained by
carbon dating a terrestrial sample that can
be unambiguously paired with a marine
sample. Modern (post bomb) samples are
avoided for this purpose because the dis-
tribution and ocean uptake of “C derived
from atmospheric weapons testing is
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highly variable. Once the cal age is known,
itis used to look up a “C age in the‘global’
marine calibration curve. The difference
between this '“C age and the measured C
age of the marine sample is defined as AR.
A Bayesian technique that relaxes the con-
temporaneity requirement between the
terrestrial and marine samples has been
developed (Jones and Nicholls, 2002) to
quantify uncertainty in the match up of
the calendar ages of the paired samples.



