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Indirect dating methods have been applied to the rock paintings of Chillagoe, north
Queensland, revealing patterns of superimposition, depictions of items of known
antiquity, the use of fragile paints such as mud, and in-situ pigment stratigraphies
(David 1994). These patterns suggest that the Chillagoe rock paintings are relatively
young, likely less than 3000 years old. A change in the geographical distribution of
rock painting styles suggests a regionalization of the styles starting around 3000
years BP. Such regionalization implies that major cultural changes accompanied the
changes in rock painting styles. This model of temporal change is now being
investigated through a collaboration between the University of Queensland, ANSTO
and the Department of Chemistry, Texas A&M University to directly analyze
radiocarbon in the charcoal pigments in several of the Chillagoe rock paintings
Samples were collected from fourteen separate charcoal rock drawings at five rock
shelters in the Chillagoe region. A small area of each drawing was scraped using a
sterile scalpel blade and the material was collected on a square of aluminum foil .
The resulting powder was a mixture of limestone substrate, charcoal pigment and
overlying accretion. Latex gloves were worn when sampling and when handling the
foil to prevent contamination. Enclosed in the foil, each sample was placed in a
zipper-seal polyethylene bag, carefully labeled and brought back to the laboratory at
Texas A&M University. They were then photographed under magnification and
weighed after foreign debris (fabric fibers, etc.) were removed; weights ranged from 9
to 66 milligrams of total material. One sample weighing 263 milligrams was to be
divided for duplicate analysis. Typically, 100 micrograms of carbon is sufficient for
radiocarbon analysis by AMS.

Before plasma chemical oxidation, a standard alkali (1M NaOH) pretreatment was
performed to remove contaminating humic and/or fulvic acids from the charcoal.
After decanting off the alkaline solution, a rinse was made with dilute acid (0.1M HCI)
to prevent adsorption of atmospheric carbon dioxide. All rinses were saved and
contained small fragments of material lost in decanting. These rinses were later
vacuum-filtered to recover as much sample as possible. After several months of
storage, the samples had a white, crusty appearance. Each was subsequently
rinsed with more concentrated acid (6M HCI) to dissolve this crust and any remaining
limestone substrate. The minute amount of black (charcoal) and light brown
(possibly silicate) material remaining after dissolution was collected on a binder-free
glass fiber filter and dried overnight at 100 C prior to plasma chemical treatment.
Before using, filters are baked at 500 C overnight in a muffle furnace to remove any
organic contamination.
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The collected charcoal is removed from the filter and the powder placed in the
plasma reaction chamber under a positive pressure of ultra-high purity (99.999)
argon gas. The outflow of argon retards atmospheric carbon dioxide and/or aerosols
from entering the system. The system is then sealed and the sample subjected to
low-radio-frequency power argon plasmas. Though unreactive, the excited and
energetic argon atoms in the plasma remove surface-adsorbed carbon dioxide
through inelastic collisions. Once less than 1 microgram carbon as carbon dioxide is
desorbed via this process, the system is evacuated using oil-free sorption and ion
pumps to around 2x10-7 torr. After this pressure has been maintained overnight, all
pumping is stopped and any rise in the system pressure is recorded over time. If the
pressure increase was, as assumed in a worst-case situation, all from carbon
dioxide, it can be converted using the ideal gas law to a mass of carbon. If this
corresponds to less than background levels of carbon in the AMS (usually 2-4
micrograms), it can be considered negligible. Plasma-chemical oxidation follows this
vacuum integrity check, using ultra-high purity (99.999%) oxygen passed through a
liquid nitrogen-cooled finger to remove any contaminants from the gas fill line. The
carbon dioxide and water produced is collected in a liquid-nitrogen cooled finger.
Water was frozen and removed from the carbon dioxide using an ethanol-liquid
nitrogen slush prior to refreezing the finger to be flame-sealed in liquid nitrogen. A
more detailed description of the plasma chemical technique can be found in llger et
al. (1996). The Chillagoe charcoal samples yielded from less than 10 to 110
micrograms carbon as carbon dioxide (see Table below). Samples yielding less than
10 micrograms carbon were discarded, as they are too close to the expected AMS
background for reliability.

Sealed glass tubes containing the carbon dioxide were shipped to the ANTARES
AMS facility at ANSTO. In cases where the filtrate was oxidized separately from the
sample, the carbon dioxide from both runs was combined at the AMS facility as
noted in the table. Because a majority of the Chillagoe samples yielded less than
100 ug carbon, they require special handling for AMS analysis. We have chosen to
use an isotope dilution technique utilizing 14C-free carbon. Radiocarbon analysis is
currently underway and results will be presented at the conference.
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Table of carbon yields for Chillagoe rock paintings.

Sample Carbon (micrograms)

CM2-1 (combined) 70
CM2-2A 40
CM2-3



CM2-5
CM55-1 (combined)
CM55-2
CM55-3
CM55-4
CM55-5
CM55-6
CM56-1
CM56-2
CM62-1 (combined)
CM75-1 (combined)

110
<10
120
20
25
30
100
70
15
120
110
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