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Reliable 14C AMS dates on bird and Pacific rat Rattus
exulans bone gelatin, from a CaCO3-rich deposit

R. N. Holdaway*, N. R. Beavan+

We tested the reliability of accelerator mass spectrometry (AMS) radiocarbon dates on
bone gelatin by dating samples whose maximum or minimum age was constrained by
stratigraphic position relative to well-dated volcanic tephra layers The tephra layers
were not reworked, and were thick enough to preclude the possibility of redeposition
resulting in specimens being found outside the age bounds set by the tephras The
damp, fossiliferous, carbonate-rich sediment was in a relatively constant, cool
environment in a small cave at nearly 900 m altitude Bones from four species of bird
with different diets (a pigeon, a rail, an owlet-nightjar, and a large ratite) and one
rodent, the Pacific rat Rattus exulans, were dated The calibrated (calendar) AMS age of
each bone was compared to ages predicted from their stratigraphic position and calculated
sedimentation rates, inferred from the age of each tephra layer Samples of moa (Aves
Dinornithifonnes) eggshell were also dated by AMS, providing an independent dating
material None of the bone gelatin or eggshell dates displayed any significant in-built
(reservoir) age relative to the marker horizons, nor were any AMS ages significantly
younger than expected Our results agree with previous studies in showing that 14C
AMS dates on bone gelatin from deposits that have always had a relatively cool, and
stable physical environment are likely to be reliable For bones protected from weathering
before burial, and then incorporated in a stable, carbonate-rich environment, the filtered
bone gelatin procedure used in this study is adequate to give reliable AMS ages
Possible reasons for discrepancies in bone gelatin AMS dates relative to marine shell,
or charcoal dates from archaeological sites in dune deposits, are also discussed
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INTRODUCTION

Holdaway (1996) reported accelerator mass spectrometry (AMS) 14C dates on Pacific rat
Rattus exulans bones from New Zealand of up to 2000 years B P As these dates are at least
1000 years older than the accepted time of Polynesian settlement (Anderson 1991), Anderson
(1996) suggested that dates on Pacific rat bones are suspect, and subject to random errors In
particular, he proposed that rat bones may have contaminants that are not removed by
standard preparation techniques and which can result in m-built ages of 500-1000 years over
the true age of the material (Anderson 1996) Bones from damp sites with limestone
substrates were thought to be especially liable to contamination Redvers-Newton (1995)
also emphasised the importance of a dry environment for preservation of bone for AMS
dating
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Some workers (e.g., Trotter & McCulloch 1984) have suggested that moa bone collagen is
better than charcoal as a dating material, citing in-built age in charcoal and its ability to
absorb contaminants. In general, however, New Zealand archaeologists consider radiocarbon
dates on bone proteins to be less reliable than dates on other materials, such as charcoal,
marine shell, and moa eggshell (e.g., Anderson 1991, 1996; Higham 1994). It is more widely
held, though, that the quality of a bone date depends on the state of preservation of the bone,
regardless of its age (Stafford et al. 1988). In particular, it has been shown that well-
preserved bones, with intact proteins, can yield AMS 14C dates of an accuracy comparable
with those on other materials (Stafford et al. 1988; Redvers-Newton & Coote 1994; Redvers-
Newton 1995). If dates on bone gelatin (particularly rat bone gelatin) are subject to random
errors of the order suggested by Anderson (1996), then the material should not be used in
studies requiring an accuracy of less than 1000 years.

The introduction to bone of exogenous carbon with 14C activity in disequilibrium with the
atmosphere during the lifetime of the animal is possible before death (in the diet), after death
but before burial (during weathering), and during diagenesis after burial. Dietary effects
involve an animal's feeding from a source of reservoir carbon, such as marine-derived foods.
An animal feeding from the marine food chain will incorporate 14C activity below terrestrial
levels. Marine organisms, such as fish, marine mammals, and marine birds, have bone gelatin
whose I4C content appears to be depleted, which would yield an abnormally old (up to 350
years) measured age. Terrestrial organisms that have terrestrial and marine components in
their diet, such as wekas Gallirallus australis that feed in the littoral zone, and rats that eat
petrels or petrel eggs, would moderate the full effect of depleted 14C contributed by the
marine component of their diet. Beavan & Sparks (1998) studied modern populations of
Rattus exulans with access to marine and terrestrial resources to quantify possible effects of
diet on the isotopic composition of bone proteins, and found no significant depletion of the
14C activity.

After death, the protein matrix of the bone may begin to be damaged by hydrolysis during
putrefaction of soft tissues (Hare 1974). The deterioration may be extended if there is
prolonged exposure and weathering before burial. Conditions favouring contamination during
weathering include heating and cracking from sunlight, or from freeze-thaw cycles, and
periodic immersion in standing or running water, especially sea water. After burial, exogenous
carbon from the depositional environment, in the form of humic or fulvic acids, may
penetrate the bone and bind with the organic fraction remaining. The humic and fulvic acids
are composed of amino acids released by the decomposition of soil organics. The standard
tests for alteration of bone protein and quality therefore include biochemical criteria, such as
total nitrogen content and amino acid composition with respect to modern bone collagen
standards (Stafford et al. 1988). Given these screening processes, Stafford et al. (1991)
concluded that the gelatin fraction of well-preserved bone younger than a few thousand years
can give reliable dates.

Anderson (1996) emphasised the potential problems of dating bone, and indeed there is an
extensive literature on dating bones: recent contributions focus on determining the quality of
preservation of bone, isolating individual amino acids, and the dating of different fractions
(e.g., Ambrose 1990; Bada et al. 1984; Batten et al. 1986; Gillespie et al. 1984, 1986;
Gurfinkel 1987; Hare 1974; Hare & Estep 1983; Hare et al. 1991; Hedges et al. 1989; Law &
Hedges 1989; Long et al. 1989; Stafford et al. 1982, 1988, 1991). From these studies, it is
apparent that isotopic analysis and screening for amino acid composition do become
increasingly important for bones that have been subjected to extensive diagenesis, and
particularly bones older than a few thousand years, to determine the extent of degradation or
contamination. For such old or degraded bones, more elaborate treatment protocols may


