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ABSTRACT. Calibration is essential for interpretation of radiocarbon dates, especially when the 14C dates are compared to
historical or climatic records with a different chronologica basis. 14C ages of samples from the marine environment, such as
shells or fish bones, or samples with a marine component, such as human bone in coastal regions, require an additional con-
sideration because of the reservoir age of the ocean. While the pre-industrial global mean reservoir correction, R(t), is about
400 years, local variations (AR) can be several hundred years or more. AR compilations on a global scale have been under-
taken previously (Stuiver et al. 1986; Stuiver and Braziunas 1993), but have not been updated recently. Here we describe an
on-line reservoir correction database accessed via mapping software. Rather than publishing a static AR compilation, new
datawill beincorporated when it becomes avail able. The on-line marine reservoir correction database can be accessed at the
website http://www.calib.org/.

INTRODUCTION

Samples formed in the ocean mixed layer are generally several hundred years older than their atmo-
spheric counterparts after proper correction for isotopic fractionation (Stuiver and Polach 1977). In
order to calibrate a radiocarbon age for a marine sample one has either to 1) apply a correction for
the marine reservoir age, R(t), to the conventional 14C age of the sample and then calibrate using an
atmospheric calibration curve; or 2) apply a correction for the regional variation from the marine
reservoir age, AR, and calibrate using a marine calibration curve as first proposed by Stuiver et al.
(1986). The latter method is generally preferred because atmospheric 14C changes are attenuated in
the ocean, which results in fewer “wiggles’ in the calibration curve.

As afirst approximation, AR is assumed to be a constant for a given region and is calculated from
the differencein 14C years of known age marine samples and the marine model age for that calendar
age. However, in some regions, ocean circulation patterns may have altered on both long term and
short term time-scales (Austin et a. 1995; Druffel 1997). Long-term changes in AR values can be
obtained from the comparison of contemporaneous marine and terrestrial samples (Monges Soares
1993; Ingram and Southon 1996) or by obtaining a terrestrial age for marine samples by varve
counts or tephra ages, for instance (Hughen et a. 1998; Sikes et al. 2000). The database described
here currently incorporates only known age marine samples and the AR values for each region are
assumed to be constant. The addition of time-dependent datais planned.

Because the 1998 marine calibration curve back to 8800 cal BP is based on amarine model, changes
in the atmospheric calibration data have resulted in changes in the marine calibration curve (Stuiver
et a. 1998). Although the changes in the marine calibration curve are relatively small compared to
the error in most 14C measurements, AR values have been recal cul ated to reflect these changes.

METHODS

14C ages of known age, pre-nuclear marine samples from numerous publications were used to recal -
culate AR values from the difference in the 1*C age and the 1998 marine calibration dataset
(Marine98). In cases where the 14C measurements were originally reported as 8C, A*C, or pMC
values, we recal cul ated the conventional 14C age, correcting for isotopic fractionation if that had not
been done previously. The uncertainty in AR includes the standard error in the calibration dataset.
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Samples from depths greater than 75 m were not included in the database, because the marine model
ages in the marine calibration dataset are only valid for the mixed layer.

Regional means were calculated for samples grouped either by the original authors, by previous
compilers, or from our best guess at regional ocean circulation patterns. The uncertainty in AR was
taken as the maximum of the standard deviation, based on the reported error in the conventional
sample 14C ages, and the scatter sigma, which isthe square root of the variance divided by the num-
ber of samples. Sampleswith collection dates after AD 1955 were not included in the regional mean,
because coral and shell 14C levels from most sites exhibit an increase shortly after this time due to
nuclear bomb testing (Druffel and Linick 1978; Druffel 1981; Peck and Brey 1996; Druffel and Grif-
fin 1999). Except in a few extreme cases, no other samples were excluded from the regional mean
unlessthe date of death was uncertain and AR was significantly larger than the mean. Thiswas done
to exclude those samples that may not have been collected within a short time of the death date, but
not those that may reflect areal variance in AR.

Regional means are not given for samples from fjords due to the large natural variability in such data
(Heier-Nielsen et al. 1995).

AR values may differ for marine mollusks depending on the species, habitat, and/or substrate (Dye
1994; Forman and Polyak 1997; Hogg et a. 1998). No attempt has been made to separate results by
species or substrate except where the original authors did so. In those cases, separate regional aver-
ages are given for deposit feeders, which may incorporate old carbon from sediments, and for gas-
tropods living on limestone substrates.

The on-line interface to the database utilizes GM T mapping software (Wessel and Smith 1998). The
user clickson theregion of interest on theworld map and aregional map showing samplesitesisdis-
played along with links to individual records and the regional mean. The on-line marine reservoir
correction database can be accessed at http://www.calib.org/.

DISCUSSION

The marine reservoir correction database is intended for use with radiocarbon calibration programs
such as CALIB (Stuiver and Reimer 1993) or OxCal (Bronk Ramsey 1995) and the 1998 marine cal-
ibration dataset. Regional mean AR values are provided but it is left up to the user to decide which
values are representative of their sample site. Reservoir corrections for lakes, bogs, and estuaries
must be considered on anindividual basis(cf. Olsson 1996; Lanting and van der Plicht 1998) and are
not included at present.

The 1986 reservoir correction compilation of Stuiver and Braziunas included just over 100 pre-
industrial AR valuesfor 25 regions. A handful of references were added in 1993 (Stuiver and Brazi-
unas 1993). At present, our on-line database contains over 450 AR measurements for 65 regions.
The geographic coverage is biased towards North America and Europe, with Australia, New
Zealand, and the South Pacific islands also having reasonable coverage. Little or no reservoir cor-
rection dataexistsfor most of Africa, the Far East, Southeast Asia, and the east coast of South Amer-
ica, although new results for the Northwest Pacific, the Sea of Japan, and the northern Indian Ocean
are now available (Dutta et al., 2001; Hideshimaet al., 2001; Kuzmin et a., 2001). Many excellent
shell collections are held in museums around the world and provide the potential for overcoming the
difficulties associated with shell-derived dates. Yoneda et al. (2000) have demonstrated the need to
sel ect museum specimens carefully to ensure that the samples were collected live. The species, hab-
itat, and the substrate of the collection site should aso be considered as differencesin AR may result
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from acomponent of old carbon in the shell (Dye 1994; Forman and Polyak 1997; Hogg et al. 1998).
Despite these necessary considerations, it is hoped that researchers will undertake to fill the gapsin

the record.
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