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NOTES AND COMMENTS 

14C DATING OF LASER-OXIDIZED ORGANICS 

A. L. WATCHMAN', R. A. LESSARD2 A. J. T. JULL3 L. J. TOOLIN3 and WESTON BLAKE, JR.4 

ABSTRACT. We used a continuous krypton ion laser to rapidly oxidize milligram-sized fragments of coniferous driftwood 
of known ages, and dated the resulting carbon dioxide by accelerator mass spectrometry (AMS). AMS 14C ages of 
non-pretreated young wood from different parts of two logs were within 10% of the ages of conventionally determined 
alkaline insoluble fractions. The age of the oldest whole wood measured after laser oxidation was within the error ranges 
of conventional values. 

INTRODUCTION 

Organic matter encapsulated in silica skins (Watchman 1990, 1992), oxalate crusts (Watchman 
1991), rock varnish (Dorn et at. 1992) and other media (Loy et al. 1990) is generally scraped, 
dissolved or selectively oxidized (Russ et al. 1990; Russ, Hyman & Rowe 1992) from the 
underlying rock, and chemically processed into graphite for AMS 14C dating (Jell et a1.1986). Loss 
of microstratigraphic context and contamination are two significant problems that we hope to 
overcome in dating laminae in rock-surface accretions by oxidizing organic matter in cross-sections 
with a focused, low-energy, continuous laser. 

METHODOLOGY 

We mounted each sample on wire supports in a vacuum-tight, micro-combustion chamber (3 cm3) 
fitted with glass windows. Atmospheric CO2 was evacuated from the chamber under high vacuum 
and pure oxygen was injected at 5 k Pa. Using a diffraction-reduced convergent lens (f=153 mm, 
0.003 mm spot diameter), we focused onto the sample a continuous Kr-ion laser (Coherent Innova 
2000, 2.5 W light power, 56.4 A tube current, 413 nm). CO2 formed by laser oxidization was 
collected in a liquid nitrogen "trap" and S13C was measured by mass spectrometry prior to making 
graphite (Dull et al. 1986). 

We prepared an oxalate wafer from a precipitate of NBS oxalic acid (OX 1) and calcium chloride 
at room temperature because we required an oxalate standard for our future research goal of dating 
finely laminated whewellite (CaC2O4.H2O) deposits on rock surfaces. We collected samples of Larix 
sp. (WB-182-66) and Picea sp. (WB-100-66) on Nordaustlandet, Svalbard (80°N 20°E) from 
driftwood logs embedded in raised shingle-beach deposits; we also collected from glacial till Larix 
sp. (WB-18-66) (Blake 1980,1986; Lowdon & Blake 1980). 

RESULTS 

Our preliminary, uncalibrated AMS 14C age results (14C yr before AD 1950) from the Arizona AMS 
Lab (AA) are for laser-oxidized untreated whole wood (Table 1). The Geological Survey of Canada 
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TABLE 1. Comparison between laser-AMS and conventional carbon isotopic and uncorrected 14C 

age data for oxalate and coniferous driftwood 

GSC-nos. Sample WT (mg) 813C%o 
S13C%0 

alk. 
insoluble 
(2 a) 

untreated 
wood (1 v) 

Oxalate 10.0 

-3500 WB18-66 12.6 t 60 85 

-2441 WB100-66 3.6 60 60 

-2441 WB100-66 5.8 60 75 

-1728 WB182-66 9.8 140 135 

(GSC)14C measurements are for alkaline-insoluble fractions (cellulose and lignin) determined by 
conventional methods. We found that, by using the laser-AMS method, both the 813C (_ [(13C/12C) 
sample/(13C/12C) standard] -1) and the fraction of modern 14C from a standard oxalate wafer were 
about 4.7% lower (equivalent to ca. 30014C yr) than the accepted values for NBS OX I (-19.0%o 
and 1.046%, respectively). We suspect the difference is caused by non-linear isotope exchange 
during formation of mono- and bi-hydrated oxalate salts rather than laser-induced processes, but 
further tests are needed to rule out laser fractionation. The 813C values for whole wood are higher 
in our laser-generated CO2 than for the alkaline-insoluble fractions because different components 
were measured, and because slight isotopic fractionation may occur during incomplete laser 
oxidation (Powell & Kyser 1991). 

The laser-oxidative method combined with 14C AMS gives an age for the oldest wood within error 
ranges identical to the conventionally determined value (Table 1). Two laser-AMS 14C ages for 
specimen WB100-66 only differ by about 1%, and indicate acceptable reproducibility of results. 
However, the ages for the young wood samples determined by laser-AMS are beyond the error 
ranges of their previously determined values, possibly because the two laser-AMS samples 
(WB-18-66, WB-100-66) were not sub-samples of fragments used in conventional dating. More 
important, the whole wood specimens are not homogeneous because they contain soluble fractions 
not in isotopic equilibrium with cellulose. 

CONCLUSIONS 

Our preliminary results demonstrate convincingly the feasibility of focusing a low-energy 
continuous laser to oxidize rapidly small samples of organic matter in geological, geomorphological 
and archaeological contexts for AMS 14C dating. We are now collecting more data from our 
driftwood samples and developing the laser-oxidative method for routine dating of molluscan 
growth bands, subvarnish organic matter, siliceous coatings containing algal remains and 
oxalate-rich laminations. 

ACKNOWLEDGMENTS 

This work was supported by the Australian Institute of Aboriginal and Torres Strait Islander 
Studies, the Natural Sciences and Engineering Research Council of Canada and the U.S. National 
Science Foundation. D. Lessard, M. Denis and L. Turgeon provided administrative and technical 
support. 

https://doi.org/10.1017/S0033822200065024 Published online by Cambridge University Press

https://doi.org/10.1017/S0033822200065024


14C Dating of Laser-Oxidized Organics 333 

REFERENCES 

Blake, W., Jr. 1980 Radiocarbon dating of driftwood: 
Inter-laboratory checks on samples from Nordaustlan- 
det, Svalbard. Geological Survey of Canada Paper 
80-1C: 149-151. 

1986 Geological Survey of Canada radiocarbon 
dates XXVI. Geological Survey of Canada Paper 
86-7: 1-60. 

Dom, R. I. 1983 Cation-ratio dating: A new rock 
varnish age determination technique. Quaternary 
Research 20: 49-73. 

Dom, R. I., Clarkson, P. B., Nobbs, M. F., Loendorf, L. 
L. and Whitley, D. S. 1992 New approach to the 
radiocarbon dating of rock varnish, with examples 
from drylands. AnnalsAssociation American Geogra- 
phers 82(1): 136-151. 

Jull, A. J. T., Donahue, D. J., Hatheway, A. L., Linick, 
T. W. and Toolin, L. J. 1986 Production of graphite 
targets by deposition from CO/H2 for precision 
accelerator 14C measurements, In Long, A. and Kra, 
R. S., eds., Proceedings of the 12th International 14C 

Conference. Radiocarbon 28(2A): 191-197. 
Lowdon, J. A and Blake, W. Jr. 1980 Geological Survey 

of Canada radiocarbon dates XX. Geological Survey 
of Canada Paper 80-7: 1-28. 

Loy, T. H., Jones, R., Nelson, D. E., Meehan, B., Vo- 

gel, J., Southon, J. and Cosgrove, R. 1990 Accel- 
erator radiocarbon dating of human blood proteins in 
pigments from Late Pleistocene art sites in Australia. 
Antiquity 64: 110-116. 

Powell, M. D. and Kyser, T. K. 1991 Analysis of b13C 

and 5180 in calcite, dolomite, rhodochrosite and 
siderite using a laser extraction system. Chemical 
Geology 94: 55-66. 

Russ, J., Hyman, M. and Rowe, M. 1992 Direct radio- 
carbon dating of rock art, In Long, A. and Kra, R. S., 
eds., Proceedings of the 14th International 14C 

Conference. Radiocarbon 34(3): 867-872. 
Russ, J., Hyman, M., Shafer, H. J. and Rowe M. W. 

1990 Radiocarbon dating of prehistoric rock paintings 
by selective oxidation of organic matter. Nature 348: 
710-711. 

Watchman, A. 1990 What are silica skins and how are 
they important in rock art conservation? Australian 
Aboriginal Studies 90(1): 21-29. 

_1991 Age and composition of oxalate-rich crusts 
in the Northern Territory, Australia. Studies in 
Conservation 36: 24-32. 

_1992 Composition, formation and age of some 
Australian silica skins. Australian Aboriginal Studies 
92(1): 61-66. 

https://doi.org/10.1017/S0033822200065024 Published online by Cambridge University Press

https://doi.org/10.1017/S0033822200065024

	azu_radiocarbon_v35_n2_0331_m.pdf
	azu_radiocarbon_v35_n2_0332_m.pdf
	azu_radiocarbon_v35_n2_0333_m.pdf

